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conductor or other insulating coating which is already for-

mad on the conductor. As the polyamidsimide, a reaction

motor with better performances is required. To satisfy this
requirement, the number of turns of the insulated wire is
further increased so that even the polvamidesimide base insu-
lating coating is sometimes damaged.

. To decrease the damage of the insulating coating,
it is studied to add an organic or inorganic lubricant to
the coating paint so as to impart lubricity to the insula-
ting coating, or to apply a lubricant such as a wax directly
on the insulated wire. However, these methods do not pre-
vent the damage of the insulating coazting completely.

The further increase of the mechanical strength of
the insulating coating may decrease the damage of the insu-
lating coating. EHowever, simple increase of the mechanical
sérength will make the coating more stiff and less flexible,
so that the coating is easily cracksd or pesled off when the
insulated wire is bent, or the winding and inserting propsr-
ties of the insulated wire is dsteriorated.

SUMMARY OF THE INVENTION

an insulating coating of an electric wire which is less

damaged than the conventional insulating coating.
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THIS SHEET HAS BEEN
REPLACED

Anothsr objesct of the present invention is to

ulated wire having improved flexibility and
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ductor and an insulating coating made £rom
basz coating, which polyamideimide comprises an acid compo-

cyanate component containing 10 to 80 % by
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mole of an aromatic diisocyanate compound of the formula:

1 2, -
(21) (R
oWy m (1)
OCN NCO . .

. . 1 : - . - ; vn
wherein R and R? are thd same or different and each a hyd-

rogsn atom, an alkyl group, an alkoxy group or a halogen

atorm, a2and m and n are- the same or diffsrent and each a num-—-

According to 2 sacond aspect of the present inven-
tion, there is providsd an insuléted wire comprising a.con-
ductor and an insulating coating made from a polyamideimide
base coating, which polyamideimide comprises an diisocyanate
componant and an imidodicarboxylic acid that is a reaction
product of an acid component and a diamine component ’

-~

wherein said diamine comonent contains an aromatic diamine

eet Has Been Reilaced
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wherein R3 z2nd R? are the same or different and each a hyd-
rogan atom;'an élkyl group, an alkoxy group or a halogen
atom, and g and r are the same or different and each a num-
ber of 1 to 4, and/or said diisocyanate component contains

an aromatic diisocyanate compound of the formula:

(RY) (R2) _,
ocN NCO

wherein R' and R? are the same or different and each a hyd-
rogen atom, an alkyl group, an alkoxy group or a halogen
atom, and m and n ars the same or different and each a num-
ber of 1 to 4, in such an amount that a total amount of said
aromatic diamine compound (II) and szid diisocyanate com-
pound (I) is from 10 to 80 % by mole based on the total
amount of the whole diamine component and the whole
diisocyanate component.

DETAILED DESCRIPTION OF TIZE INVENTION

According to the present invention, at least one
of the diisocyanate components of the polyamideimide to be
contained in the coating paint is an aromatic diisocyanate

of the formula (I).

As the alkyl group in the formula (I), an alkyl

(g

group havihg to 4 carbon atoms such as methyl group, an

n

ethyl group, propyl group, a butyl group and the like is
preferred.
As the alkoxy group, an alkoxy group having 1 to 2

carbon atoms such as a methoxy group and an ethoxy group is
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preferred.

As the halogen atom, a chlorine atom and a bromine
atom are preferred.

Specific examples of the aromatic diisocyanate (I)

-diisocyanate, biphenyl-3,3'-diisocyanate,

biphenyl-3,4'-diisocyanate, 3,3'-dichlorobiphenyl-4,4'-di-
isocyanate, 2,2'-dichlorobiphenyl-4,4'-diisocyanate, 3,3'-
dibromobiphenyl—-4,4'-diisocyanate, 2,2'-dibromobiphenyl-
4,4'-diisocyanate, 3,3'~-dimethylbiphenyl-4,4'-diisocyanate,
2,2'—dimethylbi‘ enyl-4,4'-diisocyanate, 2,3'-dimethylbi-
phenyl-4,4'-diisocyanate, 3,3'-diethylbiphenyl-4,4'-diiso-
cyanate, 2,2'-diethyl-4,4'-diisocyanate, 3,3'-dimethoxybi-
phenyl-4,4'-diisocyanate, 2,2'-dimethoxybiphenyl-4,4'—diiso-
cyanate, 2,3'-dimethoxybiphenyl-4,4'-diisocyanate, 3,3'-

iethoxybiphenyl—-4,4'-diisocyanate, 2,2'-diethoxybiphenyl-

Q

4,4'-diisocyanate, 2, 3'—d--thoxybi henyl-4,4'-diisocyanatse,

t

and the like. They may be used independently or as a mix-
ture thersof.
Among the aromatic diisocyanate compound, 3,3'-
imethylb—-4,4'-diisocyanate is preferred in view of easy
availability and a cost.
In combination with the aromatic diisocyanate
compound (I), at least one other diisocyanate compound is

used. As the other diisocyanate compound, any of the con-

ventionally used diisocyanate compounds may be used. A



~

sreferred othaer diisocyanate compound is rapresented Dby the

Preferred examples of the other diisocyanate com-
pound are diphenylmsthane-4,

methane-3,3'-diisocyanate, diphenylmethane-3,4'-diisccya-

4'-diigocyanate, diphenyl

wherein R' is a2 hydrogen atom, an alkyl group, zn alkoxy

group or a2 halogen atom and x is a number of 1 to 3
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In addition, the acid compbnant may contain other
acid compound such as a tetracarboxylic anhydride or a diba-
sic acid. Examples of the other acid coﬁpound are pyromel-
litic dianhydride, biphenyltetracarboxylic dianhydride,
benzophenonetetracarboxylic dianhydride, diphenylsulfone-
tetracarboxylic dianhydrids, terephthalic acid, isophthalic
acid, sulfoterephthalic acid, dicitric acid, 2,5-thiophene-

dicarboxylic acid, 4,5-phenanthrenedicarboxylic acid, bsnzo-
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—~4,4'~dicarboxylic acid, phthaldiimidedicarboxylic
iphenyldicarboxylic acid, 2,6-naphthalenedicarboxylic

b
acid, diphenylsulfone-4,4'-~dicarboxylic acid, adipic acid,

The reason why the amount of the aromatic diiso-
cyanzte compound (I) is in the range from 10 to 80 % by mole
based on the whole amount of the diisocyanate component is
as follows:

When this amount is smaller than 10 % by mole, the
mechanical strength of the insulating coating is not impro-
ved. When this amount exceeds 80 % by mole, the insulating

coating becomes brittle.



-~}

When the above amount of the aromatic édiisocyanate
compound (i) is from 30 to 70 % by mole, abrasion resistance
of the insulating coating is improved so that flaws are
suppressed during wiring the insulated wire to form the colil
using a winding machine. 1In particular, when the above
ambunt of the aromatic diisocyanate compound (I) is from 40
to 60 % by mole, the abrasion resistance is further improvad
and the flaws are further suppressed.

When- the amount of the aromatic diisocyanate com-
pound (I) is from 60 to 80 % by mole based.on the whole
amount of the diisocyanate component, at least one of the
acid compénent and the diisocvanate component contains 5 to
40 % mole, preferably 10 to 30 % by mole of an acid or di-
isocyanaté compound having a crooked molecular structure.

The term "a compound having a crooked molecular
structure" herein usad intends to mean an aromatic difunc-
tional compound in which two carboxyl groups or isocyanate
groups are not present at p-positions of the aromatic ring,
or aliphatic dicarboxylic acid or diisocyanate. Specific

examples of the acid having the crooked molecular structure

" are isophthalic acid, orthophthalic acid, benzophenonedi-

carboxylic acid, 3,4'- or 3,3'-diéhenylmethanedicarboxylic

acid, 3,4'- or 3,3'-diphenyletherdicarboxylic aci&, 3,4'-or
3,3'—di?henylsulfonedicarboxylic acid, adipic acid, sebacic
acid, dodecanedicarboxylic acid, and the like. Specific

examples of the diisocyanate compound having the crooked
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molecular structure are diphenylmethane-3,4'- or 3,3'-diiso-
cyanate, diphenylether-3,4'- or 3,3'-diisocyanate, 2,3- or
2,4-toluenediisocyanate, hexamethylenediisocyanate, xyly-
lenediisocyanate and the like. In addition, e—caprolactum
or w—laurolactum may be used.

Among them, an aromatic dicarboxylic acid having
no carboxyl groups at the p-positions is preferred in view
of reactivity.

When the above acid or diisocyanate compound hav-
ing the crooked molecular structure is used, the polyamide-
imide haé a crooked part or parts in a polymer chain due to
such compound so that the flexibility of the coating is
increased.

When an amount of the compound having the crooked
molecular structure is less than 5 % by mole, the flexibi-
lity of the insulating coating is not sufficiently increa-
s=d. When this amount is larger than 40 %.by mole, the
effect of the use of the aromatic diisocyanate campound (I)
is suppressed solthat the insulating coating is ezsily dama-
ged. .

When raw material contains 1 to 15 % by mole of a

polycarboxylic acid having at least 3 carboxyl group or 2

Lo}

olyisocyanate compound having at least 3 isocyanate group,
a crosslinking degree of the polyamideimide is increased so
that a hardness and a heat-softening property of the

insulating coating are improved. When the amount of the
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polycarboxylic acid or the polyisocyanate compound is less
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£flexibility of the polyamideimide is desteriorate
Preferred examples of the polycarboxylic acid are

pyrormellitic acid, trimellitic acid, butanetetracarboxylic

acid, biphenyltetracarboxylic acid, benzophenonetetracarbo-

"

ylic acid, diphenylsﬁfonetetracarboxylic acid, and the
like. Preferred examples of the polyisocyanate compound are
triphenylmethanetriisocyanate, diphenylethertriisocyanate, a
polyvisocyanate of a trimer of a diisocyanate compound (e.g.
Desmodule L and Desmodule AP manufactured by Sumi tomo Bayer
Ufethane Co., Ltd.), polymethylenepolyphenylisocyanate, and
the like. .In view of easy synthesis, the aromatic poly-
carboxylic acid is preferred.

' To prepare the polyamideimide paint to be used
according to the present invention, substanfially stoichio—.
metric amounts of the diisocyanate component and the acid

in a2 suitable organic solvent in

[a])

component are polymerize
the same manner as in the preparation of the conventional
polvamideimide. For example, the diisocyanate component
containing the specific amount of the aromatic diisocyanate
compound (I) is reacted with a substantially equimolar
amount of the acid component,that is, 0.90 to 1.10 moles,
preferably 0.95 to 1.05 moles of the acid component is reac-

ed with one mole of the diisocyanate component, in the

rt
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organic solvent at a temperature of 0 to 1B0°C for 1 to 24
hours, whereby the polyamideimide paint comprising the poly-

amideimide dissolved or dispersed in the organic solvent is

Rlternatively, the polyzmideimide paint to be used

according to the present invention can be prepared by mixing

a polyamideimide paint which is prepared by polymerizing the

aromatic diisocyanate compound (I) and the.acid component

and a polyamideimide paint which is preparsd by-polymeriziné
a diisocyanate compound other than the aromatic diisbcyanate
compound (I) and the acid component so that the amount of
the aromatic diisocyanate compound (I) is from 10 to 80 % by
mols based on the whole amount of the diisocyanate

component.

$-

In the second aspect of the present invention in

which the polyamideimide is prepared by a two-step reaction
comprising reacting the diamine component with the acid com-
ponent to obtain an imidodicarboxylic acid and then reacting
the imidodicarboxylic acid with the diisocyanate component,
the following combinations of the aromztic diisocyanate
compound (I) and the azromatic diamine compound (II) are
possible:

{1) The diamine component contains the aromatic
dizmine compound (II), while the diisocyanate component dpes

not contain the aromatic diisocyanate compound (I).
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(2) The diisocyanate component contains the a
matic diisocyanate compound (I), while the diamine component
joes not contain the aromatic diamine compound (II).

component contains the aromatic ~

(3) The diahine

the diisocyanate component con-

diamine compound (IIX), and
ic diisocyanate compound (
i compound

the aromatic diamine

fu

"
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s éxamples of

(I¥) are benzidine, 3-methyl-4,4'-diaminobiphenyl, 3,3

dimethyl-4,4'-diaminobiphenyl, 2,3'-dimethyl-4,4'-diaminobi-
enyl, 3,3'-dimethyl-

phenyl, 2,2’ —dlmethyl 4,4'-diaminobiph
minobiphenyl, 3,3'-dimethyl-3,3'-diaminobiphenyl,

[#)

14

3 -

4'-diam T

3,3'-diethyl-4,4'-diaminobiphenyl, 3,3'-dimethoxy-4,4'-di-

aminobiphenyl, 3,3'-diethoxy-4,4'-diaminobiphenyl, 3,3'-
henyl, 3,3'-dibromo-4,4'—diaminob

dichloro-4,4

phenyl, and the like.

a mixture thereof.
Among the aromatic diamine compound, 3,3'
imethyl-4,4'-diaminobiphenyl is preferred in view of easy
availability and a cost.

As the diamine compound which is other than the

aromatic diamine compound (II), any of the convenfionally

Examples of the other diamine

used diamine may be used.
compound are 4,4'-diaminodiphenylether, 3,4'-diaminodi-
—diaminodi-

phenylether, 3,3'-diaminodiphenylether, 4,
enylsulfone, 4,4'-diaminodi-

phenylmethane, 4,4'—diaminodiph
phenylsulfide, 4,4'-diaminodibenzophenone, 4 4'-diaminodi-
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phenylpropane, 4,4'-diaminodiphenylhexafluoropropane, 4,4'-
[bis(é—amindphenoxy)]biphenyl, 4,4'-[bis(4-aminophenoxy)]-
diphenylether, 4,4'—[bis(4-aminophenoxy)ldiphenylsulfone,
4,4'—(bis(4-aminophenoxy) ldiphenylpropane, 4,4;-[bis(4—
aminophenoxy) ]diphenylmethane, 4,4'—-[bis({4-aminophenoxy)]-

diphenylhexafluoropropane, and the like. They may be used

(=0

ndependently or as a mixture thereof.

Among the diamine compound, 4,4'-diaminodiphenyl-
ether and 4,4-diaminodiphenylmethane are preferred in view
of the strength of the insulating coating.

Aé the diisocyanate compohent, the above dESCIibed
diisocyanate compound including the aromatic diisocyanaté
compuna kI) can_be usad.

The rszason why the total amount of the aromatic
dizmine compound (II) and the aromatic diisocyanate compound
(I) is from 10 to B0 % by weight based on the total weight
of the whole diisocyanate component and the whole diamine
component is as follows:

When the total amount of the aromatic diamine
compound (XI) and the aromatic diisocyanate coﬁpound (I) is
smaller than 10 % by mole, the mechanical strength of the
insulating coating is not improved. When this tétal amount
exceeds 80 % by mole, the insulating coating becomes brit-
tle.

When the total amount of the aromatic diamine com—

pound (II) and the aromatic diisocyanate compound (I) is
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from 30 to 70 % by mole, abrasion‘resistance of the insula-
ting coating is improved so that flaws are suppressed during
wiring the insulated wire to form the coil using a winding
machine. In particular, when the above total amount of the
aromatic diamine compound (II) and the diisocyanate compound
(I) is from 40 to 60 % by mole, the abrasion resisfance is
further improved and the flaws are further suppressed.

Wnen the total amount of the aromatic diamine
compound (II) and the aromatic diisocyanate compound (I) is
from 60 to 80 % by mole basad on the total amount of the
whole diamine component and the whole diisocyanate compo-
nent, at least one of the acid component, the diamine- compo-
nent and the diisocyanate component contazins 5 to 40 % mole,
preferably 10 to 30 % by mole of an acid or dii;ocyanate
compound having a croéked molecular structure.

2s the acid or diisocyanate compound having the
crooked molecular structure, the above exemplified compound
is used.

=xamples of the diamine compound having the crook-
ed molecular-structure are aromatic diamines-havihg no amine.
groups &t the p—positions such as 3,4'— or 3,3'-
diaminodipﬁenylmethane, 3,4'- or 3,3'-diaminodiphenylether,
3,4'- or 3,3'-diaminodiphenylsulfone, metaphenylenediamine,
etc., and aliphatic diamines such as hexamethylenediamine,

etc.



When the material Eontains 1 to 15 % by mole of »
polycarboxyiic acid having at least 3 carboxyl group or a
polyamine having at least 3 amine group or a polyisocyanate
compouna having at least 3 isocyanate group, a croéslinking
degree of the polyamideimide is increased so that a hardnesg
andé a heat~softening'property of the insulating coating are
improved. When the amount of the polycarboxylic acid, ths
polyamine or the polyisocyanate compound is less than 1 3 bf

mole, the above effescts zre ins
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: When
this amount is larger than:.l5 % by mole, the flexibility of
the polyamideimide is deteriorated.

As the polycarboxylic acid and the polyisocyanate
compound, those exemplified above may be used.

Preferred examples of the polyamine are diphenyl-

methanstriamine, phenylenetriamine, diéthyltriamine, tri-
ethylenstetramine and the like.

To prepare the.polyamideimide paint to be usagd
according to the sscond aspect of the present invention,
substantially stoichiomestric amounts of the diamine
component and the acid component are reacted in a suitable

organic solvent to obtain the imidodicarboxylic acid and the

imidodicarboxylic acid is polymerized with a substantially
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stoichiometric amount of the diisocyanate compoun
same manners as in the preparation of the conventional poly-

a2mide imide.



For example, the diamiﬂe compbnent ig reactad with
an about twice molar amount of the acid component in the
organic solvent at a temperature of 0 to 150°C for 1 to 24
hours, whereby the imidodicarboxylic acid is obtained.

Then, the imidodicarboxylic acid is reacted with a substan-

tially equimolar amount of the diisocyanate component, that

is, 0.90 to 1.10 moles, preferably 0.95 to 1.05 moles of the
diisocyanate component is reacted with the imidodicarboxylic
acid, in the oiganic solvent at a temperature of 0 to 150°C

for 1 to 24 hours to obtain the polyazmideimide dissolved or

disperéed in the organic solvent.

Alternatively, the polyamideimide paint to be used
according to the present invention can be prepared by mixing
a'polyamideimide paint which is presparad using the aromatic
diamine compound (II) and/or the aromatic diisocyanate com-—
pound (I) in the above defined amount with a2 polyamideimide
paint which is prepared by using the aromatic diamine com-
pound (1Y) and/or the aromatic diisocyanate compound (I) in
an amount outside the above defined amount range. In this
case, a composition of the mixture is so adjusted the total
amount of the aromatic diamine compound (II) and the aroma-
tic diisocyanate compound (I) is from lOlto 80 % by mole
based on the total amount of the diamine component and the
diisocyanate component.

If desired, the polyamideimide base paint to be

used according to the present invention may contain any of



conventionally used additives such as a pigment, a dye, an

organic or inorganic £iller, a lubricant and the like.

h

+or and then baked to produce the insulated wire of the
present invention. The coating and baking conditions may be

those in the conventional method for producing
the insulated wire having the conventional polyamideimide
insulating coating.

.A thickness of the insulating coating of-the poly-
amideimide accord}ng to the present invention is not limited
and may be the same thickness as the conventional-insul&ted
wire and selecteé accerding to a diameter of the conductor

or the actual use of the insulated wire.

The insulating coating may be formed directly on
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uctor, or on other insulating coating which is

he conductor.
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he other insulating coating acts as a primer
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coating. The primer coating is prefsrably made of a mate-

rial which has good adhesion both to the insulating coating
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vamideimide of the present invention and the con-

ductor.

As the primer coating material, any of the conven-—

'd
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ionally usad insulating materials such as polyurethane,
polyester, polyesterimide, polyesteramideimide, polyamide-
imide which is different from the above polyamideimide of

the present invention, polyimide, and the like may be used.



m, a polyamideimide comprising diphenylmethane-

(]

among th

4,4'—diisacyanate and trimellitic anhydride, the polyester-
imide and the polyester are preferred in view of the adhse-
sion to the conductor and the polyamideimide coating of the
present invention, heat resistance and the machanical
strength of the coating.

A thickness of the primer coating is not critical.
In view of the mechanical strength of the coating, a ratio
of the thickness of the polyamideimide insulating coating of-

the present invention to that of the primer coating is pre-

fe

H

ably from 1:10 to 10:1.

. Wheﬁ the polyazmideimide base paint is directly
coatad on the conductor and baked, a top coating may be
formed on the polyamidzimide base coating of the present
invention. As the top coating material, any of the conven-
tionally used material, such as polyurethane, polyester,
polyesterimide, polyesteramideimide, polyamideimide which is

different from the polyamideimide of the present invention,

the surface of the insulated wire.

BAs tnhe surface-lubricating layer, though a coating
film of a paraffin such as a liquid paraffin, solid parai-
£in, etc. may be used, a surface lubricating layer formed.by

binding a lubricant such as a wax, polyethylene, a fluoro-
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has 2 cosfficient of static friction of 0.10 or less, the
ahrasion resistance is greatly improved and generation of

the flaws of the insulating layer after the winding is sig-

Whan a bonding strength between a conductor and

the coating layer is at least 30 g/mm, the abrasion resis-

[x

tance is greatly.improved and generation of the flaws of the

insulating layer after the winding is significantly suppres-

When the insulated wire of the present invention

less and the -
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has a cdoefficient of stat
bonding strength between a conductor and the coating layer

is at least 30 g/mm, the abrasion resistance is more greatly
improved and generation of the flaws of the insulating layer

after the winding is more effectively suppressed.



(hereinafter referred to as "TMA"), 29.9 g of 3,3'-dimethyl-

biphenyl—4,4'—-diisocyanate (hereinafter referred to as

1=

wpODI") and 113.1 g of diphenylmethane-4,4!-diisocyanate
(hereinafter referred to as "MDI") were charged while intro-
ducing nitrogsn gas at a flow rate of 150 ml/min. through

the nitrogen—introducing tube. An amount of TODI was 20 %

o

y mole basad on the whole amount of the diisocyanate compo--

Then, 637 g of N—methyl—z—pyr:olidbne was added to
the mixture in the flask and heated at 80°C for 3 hours
while stirring. After heating up to 140°C in three hours,
the mixture was heated at 140°C for one hour. Thereaiter,
the heatihg was stopped and the mixture was éooled to obtain
2 polyamideimide paint having a concentration of 25 %.

The polyamideimide paint was coated on a periphe-
ral surface of a2 copper conductor having a diameter of 1.0
mm and baked by a conventional method to produce an insula-
ted wire having an insulating coating with a thickness of 35

rm.
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In the same manner as in Example 1 except that

59.7 g of ToDI and 84.8 g of MDI were used so that an amount

of TODI was 40 % by mole based on the whole amount of the

27}

diisocyanate component, an insulated wire was produced.
Example 3
In the same manner as in Example 1 except that
74.7 g of TODI and 70.7 g of MDI were used so that an amount
of TODI was 50 % by mole baseq on- the whole amount of the

diisocyanate component, zn dnsulated wire was produced.

Example 4

In the same manner as 1in Exaﬁple 1 except that
89.6 g of TODI and 56.6 g of MDI were used so that an amount
of TODI was 60 % by mole based on the whole amount of the
diisocyanate component, an insulated wire was produced.

Example 5

In the same manner as in Example 1 except that
112.0 g of TODI and 35.3 g of MDI were used so that an
amount of TODI was 75 % by mole based on the whole amount of
the diisocyanate component, an insulated wire was produced.

Comparative Example 1

In the same manner as in Example 1 except that no
TODY and 141.4 g of MDI were used, an insulated wire was
produced.

Comparative Example 2




Tn the same manner as in Example 1 except that

149.3 g TODI and no MDI were used, an insulated wire was

p:oduced.

Oon a peripheral surface of a coppsr conductor
having a diameter of 1.0 mm, a commercially available poly-—

amideimids paint containing diphenyl-4,4'~diisocyanate and

Co., Ltd.) was coataed and -baked by ths conventional method
to .form a primer coating with a thickness of 17 um.

' over the primer coating, the polyamideimide paint
prepared in Example 3 was coated and baked to produce an

e having an insulating coating with a thickness
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The produced insulated wires were subjected to the

nsulated wire is observed and
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From the insulated wire, the conductor is removed
by etching and the remaining insulating coating is tested
using a tensile tester with a chuck distance 0of 3 cm at a

ulling rate of 1 mm/min. From an S-S5 curve, a modulus of

g

elasticity (kg/mmz) is calculated.

Flexibility test




The insulated wire is bent around eéch of plural
rods having.é diameﬁer increasing from L mm by 1 mm and
cracks and/or pesling of the coating are observed. A minj-
mum diameter d (mm) at which neither crack nor peeling is
observed is recorded.

Quick-elongation bresakage test

The insulated wire having a length of 100 cm is
drawn at a rate of 20 cm/sec. and broken. Then, a broken
part is observed and a floating distancs (mm) between the
conductor surface and the peeled insulating coating is mea-
sured.

Damage test under stainless steel wire loading

The insulated wire and a stainless steel wire are
perpendicularly crossed and the music wire is pulled under
varying ioad, and the minimum load at which the insulating
coating is flawed is recorded.

One—direction abrasion

Abrasion resistance is measursd according to JIS
C-3003.

Reciproczal abrasion

The insulated wire and a bead needle are perpen-
dicularly crossed and the bead needle is recip?ocated. The
number of reciprocation of the bead needle at which a short
circuit is formed between the insulated wire and the bead
needle is recorded.

Leakage current after winding




=}

The insulatad wire is wound in a coil form using a

winding machine whici

Then, the wound

which is actually used for winding a wire
wire and a counter electrode are immerseg in
3 saline, and a voltage of 3 V is applied between the

znd the counter elacirode with

rr

he coil being a nega-
electrode to measurs a lsakage current, whereby an
aw which reaches the conductor is evaluated.

The abovs results are shown in Table 1.



Lable 1

Exam~- | TODI Appea- | Modulus Flexi~ | Floating | Minimum | One-way Recip- Leakage
ple amount rance | of elas-| bility| distance | load abrasion| rocal current
No. (mol %) : ticity d (mm) (mm) (kg) (g) abrasion {mh)

(kg/mm?) {times)

c. 1 0 Good 210 1 1.5 7.0 1325 813 62

1 20 Good 250 1 1.6 7.5 1390 847 51

2 40 Good 270 1 1.9 8.0 1585 871 36

3 50 Good 310 1 2.2 8,5 1714 880 27

4 60 Good 330 1 2.5 8.5 1721 833 33

5 75 Good 360 2 2.8 9.0 1706 602 45
c. 2 100 Turbid 400 5 3.6 9.0 1732 418 58

6 50 Good 290 1 1.5 8.5 1730 885 20




t is understood

[

From the rssults. in Table 1,
that, in the -insulated wire of Comparative Example 1 having
the insulating coating comprising no TODI, the insul;ting
coating had the low modulus of elasticity and was easily

1t of the damage test under stainless
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reel wire loading. On the other hand, the insulated wire

n

of Comparative Example 2 having the insulating coating
comprising 100 % of TODI had poor flexibility as seen from-

esult of the flexibility test and the insulating

"

the
coating was easily peeled off from the conductor as seen
from the result of the guick-elongation Sreakage test.

On the contrary, the insulated wires of Examples
1-6 were nardly flawed and excellent in flexibility, and the
insulating coatings were hardly peeled off from the conduc-
tors. From the above results, it is understood that, as the
ratio of TODI in the diisocyanate component increased, the
modulus of elasticity was increased, and the insulating
coating was more difficultly flawed, while the flexibility

and the adhesion to the conductor of the insulating coatings
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increased as the ratio TODI in the diisocyanate component

decreased. In view of the balance among these properties, a
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With each of the insulated wires of Example 3 and

Comparative Example 1, a dielectric breakdown voltage was



measured according to the method described in JIS C-3003

nTagt methods of enameled copper wires and enzmeled aluminum

The rasults are as follows:

Zxample No. Dielectric bresakdown voltage

Example 3  13.0-15.5 V (14.7)
Comp. Ex. 1 13.2-15.9 V (14.9)

The numerals in the brackets are averaged values

Prom these results, it is understood that the

Example 7

The polyamideimide paint which was prepared in

m
Comparative Example 1 and comprised MDI only as the diiso-
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prepared in Comparative Example 2 and comprised TODI only as

he diisocyanate component were mixed so that a molar ratio

o+

of TODI to MDI was 20:80 and well stirred. Then, using this
mixed paint, an insulated wire was produced in the same
mannar as in Example 1.

Exanple 8

n the same manner as in Example 7 except that two

H

aints were mixed so that a molar ratio of TODI to MDI was

'g

0:50, an insulated wire was produced.

w



Example 9
In the same manner as in Example 7 except that two
paints were mixad so that a molar ratio of TODI to MDI was

75:25, an insulated wir

[

was produced.

th

The properties of the insulated wires produced in
Examples 7, 8 and 9 were measured in the same manners as in
the previous Examples.

The results are shown in Table 2.



Table 2

Exam- | TODI Appea- | Modulus Flexi- | Ploating [Minimum | One-way | Recip- Leakage

ple amount rance of elas~ | bility | distance | load abrasion| rocal current

No. (mol %) ticity . | d (mm) (mm) (kg) (9) abrasion| " (mA)
(kg/mmz) . (times) :

7 20 Good 250 1 1.5 7.5 1358 821 53

8 50 Good 290 1 2.2 8.0 1693 876 34

9 75 Good 330 1 2,9 8.5 1659 589 50

- 6C -




Prom the results of Table 2, it is understood that
the insulated wires of Examples 7, 8 and 9 had substantially
the same properties as thoss of Examples 1, 3 and 5 (ses
Table 1). Therefore, the mixture of the coating paint'comp—
rising TODI and one comprising no TODI had the same effacts
as the coating paint prepared by copolymerization.

Example 10

In the same manner as in Example 1 except that
135.8 g of TODI and 42.9 g of MDI were used so that an
amount of TODI was 75 % by mole based on the whole amount of
the diisocyanats component and, as the acid component, a
mixture of 127.7 g of T¥A and 3.7 g of isophthalic acid
(hereinafter referred to as "IPA") was used so that an
amount of IPA was 3 % by mole based on the whole amount of
e acid components, an insulated wire was produced.

Example 11

In the same manner as in Example 10 except that
105.3 g of TM2 and 22.8 g of IPA were used so that an amount
of IPA was 20 % by mole based on the whole amount of the

_acid component, an insulated wire was produced.

In the same mannar as in Example 10 except that
72.4 g of TMA and 51.2 g of IPA were used so that an amount
of IPA was 45 % Dy mole based on the whole amount of the

acid component, an insulated wire was produced.




ires produced in

same manners as



Exam- | IPA Appea- | Modulus Flexi- | Floating | Minimum | One-way Recip- Leakage
ple amount rance of elas- | bility ]| distance | load abrasion | rocal current
No. {(mol %) ticity d (mm) (mm) (kqg) {g9) abrasion (mA)
(kg/mmz) (times) :

5 0 Good 360 2 2.8 9.0 1706 602 45

10 3 Good 160 2 3.5 9.0 1715 705 39

11 20 Good 350 1 2.8 9.0 1725 806 34

12 45 Good 270 1 2.0 8.0 1708 742 37

-ZE—




From the fesults of Table 3,.it.is uﬁderstood that
the insﬁlating coatings comprising IPA had substantially the
same properties as those comprising no IPA. When the amount
of IPA was from 3 to 45 % by mole of the whole amount of the
acid cbmponent, the modulus of elasticity and flexibility of
the insulating coatings were improved with maintaining other
properties unchanged.

When the amount of IPA was 3 % by mole, the pro-
perties were not materiall& changed, while when the amount

£ TPA was 45 % by mole, the insulated coating tended to be

o}

flawed slightly easily. In view of the balance of the pro-
perties, the insulating coating of Example 11 was preferred.

Example 13

In the same manner .as in Example 1l except that
74.7 g of TODI and 70.7 g of MDI were used so that an amount
of TODI was 50 % by mole based on the whole amount of the
diisocyénate component and, as the acid component, a mixture
of 103.2 g of TMA and 4.0 g of trimellitic acid (hereinafter
referred to as "ETM") was used so that an amount of ETM was
3.4 3 by mole based on the whole amount of the acid compo-
nents, an insulated wire was produced.

Example 14

In the same manner as in Example 13 except that
97.8 g of TMA and 7.9 g of ETM were used so that an amount

of ETM was 6.9 % by mole based on the whole amount of the

acid component, an insulated wire was produced.
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xample 15

In the same manner as in Example 13 except that

1
MA and 15.8 g of ETM were used so that an amount
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of ETM was 12.9 % by mole basad on the whole amount of the
acid component, an insulated wire was produced.

The properties of the insulated wires produced in

'g
,-ll

Examples 13, 14 and 15 wers measured in the same manners as

In addition, a softening point was measured accor-

ding to JIS C-3003.

The results are shown in Table 4.



Tahle 4

Exam- | ETH Appea- | Modulus | Flexi- | Floating | Minimum | One-way | Recip- | Leakage | Softening
ple amount | rance | of elas~| bility | distance| load abrasion | rocal current { point
No. (mol %) ticity d (mm) | (nm) (kg) (g) abrasion| (mA) (cc) .
(kp/mm?) (times) '

3 0 Cood 310 .1 2.2 8.5 1714 880 27 385

13 3.4 Cood 312 1 2.3 8.5 1720 883 20 403

14 6.9 Cood 312 2 2.3 8.5 1723 876 22 410

15 12.9 Good 313 3 2.3 8.5 1716 878 28 422




From the results of Table 4, it is understood that
the addition of ETM as the acid component increased the

softening point of the insulating coating, though the £lexi-

bility was slightly deterioratasd. Then, a preferred range
of the amount of ETM was from 1 to 10 % by mole of the whole
acid

component.

Comparative Example 3

Oﬁ a peripheral surface of a2 copper conductor
having a diameter of 1.0 mm, 2 commercially availablg poly-—
esterimide base paint (ISOMID 40-SH (trade name) maﬁufaé-
tured by Nisshoku Skenectady Co., Ltd.) was coated and baked
by the conventional method to form a primer coating with a
thickness of ‘26 um.

. Over the primer coating, the same polyamideimide
paint as used in Comparative Example 1 was coated and baked
to produce an insulated wire having an insulating coating
with a thickness of 9 um.

Example 16

On a peripheral surface of a copper conductor
having a diameter of 1.0 mm, a commercialiy available poly-
esterimide base paint (ISOMID 40-SH (trade name) manufac-
tured by Nisshoku Skenectady Co., Ltd.) was coated and baked
by the conventional method to form a primer coating with a
thickness of 26 um.

Over the primer coating, the same polyamideimide

paint as used in Example 3 was coated and baked to produce



an insulated wire having an insulating coating with a thick-
ness of 9 ym.

Examnlé 17

On a peripheral surface of a copper conductor
having a diameter of 1.0 mm, the same polyamideimide paint
as usa2d in Example 3 was coatad and baksd by the conventio-
nal mathod to form a primer codating with a thickness of 26
pm.

Over the primer coating, the same polyamideimide
paint-as used in Comparative Example 1 was coated and baked
to produces an insulated wire having an overcoat layer with a
thickness of 9 um.

Comparative Example 4

On a peripheral surface of a éopper conductor
having a diameter of 1.0 mm, the same polyamideimide paint
as us2d in Comparative Example 1 was coated and baked by the
conventional method to form a primer coatiné with a thick-
ness of 26 um.

Over the primer coating, a polyesterimide base

Us)
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SOMID 40-SH (trade name) manufactured by Nisshoku

Skensctady Co., Ltd.) was coated and baked by the conventio-

Example 18
On a peripheral surface of a copper conductor

having a diameter of 1.0 mm, the same polyamideimide paint



-

as usad in Exémple 3 was coazted and baked by the conventio-
nal method to form a primer coating with a thickness of 26
um.

Over the primer coating, a commercially available
polyesterimide base paint (ISOMID 40-SH (trade name) manu-
factured by Nisshoku Skenectady Co., Ltd.) was coated and
baked by the conventional method to form an overcoat layer
with a thickness of 10 um.

The properties of_the insulated wires produced in
Examples 16, 17 -and 18 and Comparative Examples 3 and 4 were
measured in the same manners as in the previous Examples.

The results are shown in Table 5.



Table §

Exam- | Structure Appea- | Modulus Flexi- | Floating | Minimum | One-way
ple : rance of elas-| bility | distance | load abrasion
No. Primer Overcoat ticity 4 (mm) (mm) (kg) (g9)
(kg/mm?)
c. 3 Polyester-| Polyamide- Good 203 1 1.7 6.0 1180
- imide imide of C.
16 + ‘Polyamide- Good 231 1 1.7 6.5 1252
imide of E.
c. 1 Polyamide- -—- 1 Good 210 1 1.5 7.0 1325
imide of '
E. 3
17 Polyamide- | Polyamide- Good 235 1 2.3 7.5 1395
imide of imide of C. .
E. 3
c. 4 Polyamide- | Polyester— Good 207 1 1.5 6.0 1078
imide of imide
c. 1
18 Polyamide- | Polyester- Good 232 1 2.2 6.5 1155
imide of imide
E. 3

..GE_




From th2 results of Table S, it is understood
that, the use of the polyamideimide of Example 3 improwved
the resistance to the damage test under music wire loading
and the one-way abrasion without deteriorating other propsr-
ties in comparison with the polyamideimide of Comparative
Example 1. '

Example 19

In the szme manner as. in Example & except that,
over the surface of the insplated wire produced in Example
6, a baking type water—soluble lubricant paint (TEC-9601
(trade name) manufacturad by Toshiba Chemical Co., Ltd.) Qas
coated and baked by the conventional manner to form a lubri-
~cating layer, an insulated wire was produced.

Example 20

In the same manner as in Example 6 except that a
commercially available polyamidsimide paint with good adhe-
sion to the conductor (HBI-406A (trade name) manufactured by
Hitachi Chemical Co., Ltd.) as the polyamideimide paint, an
insulated wire was produced.

Example 21

In the sazme manner as in Example 19 except that,
over the surfaces of the insulated wire produced in Example
19, a baking type water—-soluble lubricant .paint (TEC-9601
(trade name) manufactured by Toshiba Chemical Co., Ltd.) was
coated znd bzked by the conventional manner to form a lubri-

cating layer, an insulated wire was produced.



The same properties as above and also an adhesion

forece of the insulating coating to the conductor and a coef-

The adhesion force and the cosfficient of static

friction against the stailess steel wire are measured as

Adhesion force

Along a length of_the insulating coating, two cut
-lines each- having a-length of 2 cm are made at.a distance of

0.5 mm and an edge of the insulating coating betwesn the two

cut lines is pesled off with z forceps. Then, it is subjsc-
ted to the 1B0° peeling test between the insulating coating

and the conductor using a thermal-mechanical analyzer (TMA)
(TEZRMAL-MECHANICAL ANALYSIS manufactured by Seiko Electro-
nics Co., Ltd.) to measure an adhesion force (g/mm).

Cosfficient of static friction against stailess

stazl wirse
The insulated wire and the stailess steel wire are

perpendicularly crossed and a2 load of 1 kg is applied at one

[}

the stainless stesl wire. Then, a coefficient of

[1J
3
2

o}
static friction is measured.

The results are shown in Table 6.



Table 6

Exam-~ | Coeffi-~ Adhe- Appea- | Modulus Plexi- Minimum | One-way | Recip-— Leakage
ple cient of | sion rance of elas-| bility load abra- rocal current
No. static force ticity d (mm) (kg) sion abrasion {mA)
friction] {(g/mm) (kg/mmz) (g) (times)

6 0.15 25 Good 290 1 8.5 1730 885 20

19 0.08 25 Good 290 1 9.5 1830 906 15

20 0.15 45 Good 285 1 9.5 1815 891 16

21 0.08 45 Good 285 1 10.0 1877 938 10




Example 22

In a flask equippad with a thermometer, a conden-

[7}]

er, a calcium chloride-filled tube, a2 stirrer and a nitro-

(Ta}

en—introducing tube, 0.5 mole of THMA and 0.25 mole of 3,3'-

imethyl-4,4'-diaminobiphenyhl (hereinafter referred to as

f

“"DER3") were charged while introducing nitrogen gas at a

flow rate of 150 ml/min. through the nitrogen-introducing

Then, 762 g of N-methyl-2-pyrrolidone was added to
the mixture in the flask and heated at 80°C for 2 hours
while stirring to form an imidodicarboxylic acid.

To the rasulting reaction mixture, 0.25 mole of
MDI was added and heated at 80°C for 2 hours, at 140°C for 2
hours and then at 180°C for 2 hours while stirring. There-
after, the heating was stopped and the mixture was cooled to
obtzin a polyamideimide paint having a concsntration of 25
%.

In the szme manner as in Example 1 but using the
above prepared polyamideimide paint, an insulated.wire was
produced.

An amount of DBRB was 50 % by mole based on the
total amount of the diamine component and the diisocyanate
component.

Example 23

In the same manner as in Example 22 except that

0.125 mole of DBRB, 0.125 mole of diaminodiphenylether



(hereinafter referred to as "DDE"), 0.125 mole of MDI and
0.125 mole of TODI were used, an insulated wire was produ-
cad.

Comparative Example S

In the same manner as in Example 22 except that no
DBR3 and 0.25 mole of diaminodiphenylmethane (hereinafter

referred to as "DDM") ware used, an insulated wire was pro-

Comparative Example 6§

In the same mannsr as in Example 22 except that no

‘MDI and 0.25 mole of TODI were used, an insulated wire was

produced.

The properties of the insulated wires produced in
Examples 22 and 23 and Comparative Examples 5 and 6 wers
measured in the same manners as in the previous Examples.

The results are shown in Table 7.



Exam- | DBRB | TODI | DBRB | Appea-| Modulus | Flexi- Floating | Hinimum | One-vay | Recip~- Leakage
ple + rance { of elas-| bility | distance | load abrasion| rocal current
No. ) *ITODI ticity d (mm) | Cinm) (kg) (g) abrasion | (mA)
(mol %) (kg/mm?) (times)
C. 5 0 0 0 CGood 200 1 1.7 7.0 1260 182 64
22 50 0 50 Good 300 1 2.5 8.5 1613 859 33
23 25 25 50 | Good 305 1 2.4 8.5 1650 863 33
C. 6 50 50 100 Turbid -380 6 3.8 9.0 1583 767 58
1 1
Note: *1) A mole percentage based on the total amount of the diamine component and the diisocyanate &

component.
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1. An insulated wire comprising az conductor and
an insulating coating made from a2 polyamideimide base coat-

ing, which polyzmideimide comprises an acid component anéd a

rogen atom, an.alkyl group, an alkoxy group or a halogen

atem, and m and n are the same or Eifferent and each a num-—
bar ¢f 1 to 4.

2. The insulated wire according to claim 1,
whersin an zmount of said aromatic diisocyanate compound (I)

is from 30 to 70 % by mole based on a whole zmount of the

3. The insulated wire according to clainm 1,

wherain an amount of szid arcmatic diisocyansts compound (I)

heet Has Been Reilaced

IR



THIS SHEET HAS BEEN j
REPLACED =

RN 0

wherein R~, R“, m and n are the same as defined above, and Z

5. The insulated wire according to claim 1,

wharein said acid componant comprises an acid anhydride of

. 0
(R') I
X * c\
C/ (IV)
E0OC )
0

wherein R' is_ a hydrogen atBﬁ, an alkyl group, an alkoxy
group or a halogen atom and x is a number of 1 to 3.

6. Thes insulated wire according to claim 1,
wherein azn amount of the aromatic diisocyanate compound (I)
is from 60 to 80 % by mole based on the whole amount of the
diisocyanzte component, and at lease one of the acid compo-

socyanate component contains 5 to 40 % by
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mole of a compound having a2 crocked molecular structure.

7. The insulated wire according to claim 5,
wherein the acid componant contains 5 to 40 % by mole of an
acid compound having a crooked molecular structure.

8. Tne insulated wire according to claim 7,

}e

wherein said acid compound having the crooked molecular
structure is an aromatic o- or p~dicarboxylic acid.
9. The insulated wire according to claim 1,

wherein sazid acid component contains 1 to 15 % by mole of a

polycarboxylic acid, and/or said diisocyanate component con-

tains 1 to 15 % by mole of a polyisocyanate. _—
This Sheet Has Been R
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10. The insulated wire according to claim 9,

wherein said polyamideimide is prepared by copolymerizing
said aromatic diisocyanate (I), at least ons other diisocya-
nate and the acid componen

12. The insulated wire according to claim 1,
which further comprises a primer coating betweesn the conduc-
tor and the po lyamideimidé base coating.

13. The insulated wire according'to claim 12,
wheresin said primer coating is formed by coating a paint

-

comprising a polyamideimide of

[s]]

iphenylmethane-4,4'-diiso-
cyanzte and trimellitic anhydride and baking the cozated .
paint.

l4. The insulatsd wire according to claim 12,
wherein said primer co;ting is formed by coating a poly-
esterimide or polyester paint on the conductor and baking
the coated paint.

15. The insulated wire according to claim 1,
which has a coefficient of static friction of 0.10 or less.

16. The insulated wire according to claim 1,

wherein a bonding strength between the conductor and said.

(g

coating layer is at least 30 g/mm.

i+

1 20

17. An insulated wire comprising a conductor and

an insulating coating made from a polyamideimide base coat-
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*
ing, which polyamideimide comprises an diisocyanate compo-
.nent and an'imidodicarboxylic acid that is a reaction pro-
duct of an acid component and a diamine component, wherein

said diamine comonent contains an aromatic diamins compound

of the formula:

(®3), (R%),
wherein R3 and R? are the same or different and each a hyd-
rogen atom, an alkyl group, an alkoxy group or a halogen
atom, and q and r are the same or different and each a2 num-

ber of 1 to 4, and/or-said diisocyanazte component contains

an aromatic diisocyanate compound of the formula:

1 2
=Y, (=2)
OCN NCO

1 and R2 are the same

wherein R

o

rogen atom, an alkyl group, a

atom, and m and n are the sams
ber of 1 to 4, in such an amount that a total amount of said
aromatic diamine compound (II) and said diisocyanate com-
pound (I) is from 10 to 80 % by mole basad on the total
amount of the whole diamine component and the whole diiso-
cyanate comﬁonent.

18. The insulated wire according. to claim 17,
wherein a total amount of said aromatic diamine compound
(II) and said diisocyanate compound (I) is from 30 to 70 %
by mole based on the total amount of the whole diamine com—

ponent and the whole diisocyanate component.
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198. The insulated wire according to claim 17,
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(IT) and said diisocyanate compound (I) is from 40

ct

o

o 60 %
by mole based on the total amount of the whole diamine com-
ponent and the whole diisocyanate component.

20. The insulated.wire according to claim 17,

whersin said diamine component further contains an aromatic

diamine compound of the formula:

3 3

(R”) (R7)
B0 A "
HzN NHZ .

wherein R3, R4, g and r are the same as defined above and .z
is -CE5- or -0O-.

21. The insulated wire according to claim 17,
wherein said diisocyanate component further contains a di-

isocyanate compound of the formula:

1 2
wwie (III)
OCNBQ/ NCO >

wherein Rl, Rz, m and n are the same as éafined zbove, and Z
_is —CHzf or -0-.

22. The insulated wire according to claim 17,

£

herein said acid component comprises an acid anhydride of

ormula:
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o
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wherein R' is a hydrogen ztom, an alkyl group, an alkoxy

=

group or a halogen atom and x is a number of to 3.

23. The insulated wire according to claim 17,

£
5

erein a total amount of the diamine compound (II) and the

diisocyanate compound (I) is from 60 to 80 % by mole based

o

n the whole amount of the .diamine component and the

diisocyanate componant, and at lsase one. of the acid

o

component, the diamine component and the diisocyanate
component contzins 5 to 40 % by mole of a compound having a
crooked molecular structure.

24. The insulated wire according to claim 23,
wherasin the acid component contzins 5 to 40 .% by mole of an
acid compound having a crooked molecular structure.

25. The insulated wire acéording to claim 23,
wherein said acid compound having the crooked molecular
structure is an aromatic o- or p-dicarboxylic acid.

26. The insulated wire according to claim 17,

v

wherein said acid component contains 1 to 15 % by mole of

§t
wn

polycarboxylic acid, said diamine component contains 1 to
% by mole of a2 polyamine, and said diisocyanate component

contains 1 to 15 % by mole of a polyisocyanate.

‘;-—-—_~_~__;_\~‘*‘~‘~_- .
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27. The insulated wire according fo claim 25,
wherein said acid Eomponent contains 1 to 15 % by mole of an
aromatic tricarboxylic acid.

28. The insulated wire according to claim 17,
wherein said polyamideimide is prepared by copolymerizing
the diisocyanate component, the aromatic diamine compound
(IX), the other diamine and the acid component.

29. The insulatad wire according to claim 17,
which further comprises_a primer coating between the conduc-
tor and the polyamiéeimida.b;se coating.

30. The insulated wire according to claim 29,
wherein said primer coating is fbrmed by coating a paint
comprising a polyamideimide of-diphenylmethane—4,4'—diiso—
cyanate and trimellitic anhydride and baking the ccated
paint.

31. The insulated wire according to claim 30,
wherein said primer coating is formed by coating a poly-
esterimide or polyester paint on the conductor and baking
the coated paint.

32. The insulated wire according to claim 17,
which has a coefficient of static friction of 0.10 or less.

33. The insulated wire according.to claim'l7,
wherein a bonding strength between the conductor and said

coating layer is at least 30 g/mm.



