TLTLE-OF THE | NVENTI ON | NSULATED W RE BACKGRAMNID. ¢~ THE

| NVENTI ON Field of the Invention The present invention relates
to an insulated wire having good lubricity and resistance t(ﬁo‘prrocesm ng
such as wi nding of magnet wires. Description of the Related Art

It is desired for a coil to be mniaturized and to have high efficiency and
a | arger nunber of insulated wires are_packed in a limted space with the
m niaturization and increased p_erforr?a?\c‘es of equi pnents. Therefore, the
coatings of the insulated wires are easily danaged with needl es of

aut omat ed TILE QFTHBINUYENTIONS, anjl/then the insulated wires often suffer

fromlayer-to-layer short or round failure. To overcone such drawbacks, it
is tried to prevent ING&LPalFE oatings by decreasing a friction
coefficient on the surfaces of the insulated wires. In one exanple, a

| ubri cant BAGKGROUNLY QF ] MZMUIBIN t he surface of the insulated wire.

However , hr_; !g C;I Eflf:ult !for t he above nethod to control the coating anpunt
of the | u the lubricant uniformy over the surface of
the insulated wire. frgéeté}%s%{ Snvififioh "eth@seh VA SRstiUiE] @ik coated with

t he | ubricant shoul
having good lubricity and resistance to processing such as winding

of magnet wires.
Description of the Related Art

( | It is desired for a coil to be miniaturized and to have
high efficiency and a larger number of insulated wires are packed in
a limited space with the miniaturization and increased
performances of equipments. Therefore, the coatings of the
insulated wires are easily damaged with needles of automated coil
winding machines, and then the insulated wires often suffer from
layer-to-fayer short or ground failure. To overcome such
drawbacks, it is tried to prevent the damages of coatings by
decreasing a friction coefficient on the surfaces of the insufated
wires. In one example, a lubricant such as a wax is coated on the
surface of the insulated wire.

However, it is difficult for the above method to control
the coating amount of the lubricant and to coat the lubricant
uniformly over the surface of the insulated wire. Furthermore, the
insulated wires which are coated with the lubricant should be
washed with solvents since the coated lubricants easily gathers
dust or foreign particles.

tt has been investigated to impart lubricity to the
insulated wires by adding lubricants (e.qg. po}xethyiene,g) ? b e Ty s

polytetrafluoroethylene, molybdenum dlsulftde bordn mtrrde‘



washed with solvents since the coated lubricants easily gathers dust or
foreign particles. It has been investigated to inpart lubricity
to the insulated wires by adding lubricants (e.g. polyethyl ene

pol yt etraf | uor oet hyl ene, nol ybdenum disulfide, boron nitride

-2- waxes, etc.) to a varnish for the insulating coating.

However, it is extrenely difficult to disperse the |ubricants honogeneously
in the varnish for the insulating coariggj since the lubricants are

i nsol ubl e or hardly soluble in the solvents. Therefore, problens arise such

as wire bregrgs etc.paer aapapfshnke thee ihulafingnesgnnhgormty of the
I nsulating coating in the production step of insulated wres.

The Wre breakage andH@wereppijteds aexicemahy diffiouls diov atishgrsieheheel ecti on of
| ubricants and adjustnment of the added amount of |ubricants, but the

obt ai ned i dybrigasts Wiareegaaeeuslysin fthei ¥arnishbfarciths . insulating coating,
particul ar, .the

aded to paii)aR: B8 HRIEATS pore, s elu ol gy ‘sasble aai easo NS at i ng
O el Shbfamb PSS LudP IS WY brESKEGE S BO5 Sphasrafios "
due to the nonuniformity of the insulating coating in the production
step of insulated wires.

"~ The wire breakage and poor appearance have been solved
by the selection of lubricants and adjustment of the added amount
of lubricants, but the obtained insulated wires have insufficient
lubricity. |

In particular, the above problems are significant when
the lubricants are added to polyamideimide or polyimide which is a
heat resistant insulating coating resin. Therefore, the heat
resistant insulated wires having the coating of polyamideimide or
polyimide which has good lubricity have not been produced.
SUMMARY OF THE INVENTION

An object of the present invention is to provide an
insulated wire having good lubricity which does not reqUire the
coating of lubricants such as waxes on the surface of the insulated
wire. |

The present invention can greatly improve the lubricity
of the coating of polyamideimide or polyimide which is used for the
heat resistant insulated wires.

According to the present invention, there is provided an
insulated wire comprising a conductor, a first insulating layer on
the conductor, and a second insulating layer which comprises a

coating resin having a glass transition temperature of between 100



pol yi m de whi ch has good |ubricity have not been produced. SUMVARY OF THE
| NVENTI ON An object of the present invention is to provide an

i nsulated wire having good lubricity which does not require the coating of
| ubricants such as waxes on the surface of the insulated wre.

The present invention can greatly inprove the lubricity of the coating of

pol yam dei m de or polyimde which is used for the heat resistant insulated
W res. According to the predent invention, there is provided an
i nsul ated wire conprising a conductor, a first insulating |layer on the

conduct or .5 ANgsaeceafBf Uity Add'% \ﬁﬁaﬁéﬁeﬁﬁﬁgﬂﬁ%é’s§%tdﬁ@5reSi n

havi ng a gﬁass transition temnperature of

-3- and ZpH] errikessafter baking and a | ubricant and has a thickness of

0. 005 mmor | ess. Herein, the glass transition tenperature is

measur ed using a DSGHérkihf éhenglasls samsitiavy tealpedatitectis hBaSuidd of hSEI KO
The

ELECTRONI C Co. ). DETAI LED DESCRI PTI ON OF THE | NVENTI ON

i nsul ati ngigiegi & @8k 4Ritterentiak seanning calwimatarhDSC-10 of SEIKO
ELECTRONIC Co.).
DETAILED DESCRIPTION OF THE INVENTION

The insulating resin contained in the first insulating
layer may be any conventional insulating resin. Examples of such
insufating resins are polyimide, polyamideimide, polyesterimide,
polyesteramideimide, polyhidantoin, polyester, polyurethane,
polyvinyl formal, and the like. The present invention is particularly
effective with polyimide and polyamideimide, since none of the
conventional insulated wires coated with polyamideimide or
polyimide has good lubricity.

The first coating layer may comprises two or more sub-
layers each comprising the above insulating resin, or may be made
from a blend of two or more of the above insulating resins.

The polyamideimide or polyimide coating resin is a heat
resistant coating resin having imide bonds in a molecule. Examples
of polyimide coating compounds are PYRE ML (available from E.L
duPont), TORAYNEESE #2000 and #3000 (both available from
TORAY), and the like, and examples of the polyamideimide coating
compounds are HI-400, HI-405, Hi-406 (all available from Hitachi
Chemical), and the like. -

The second coating layer comprises the insulating resin
having the glass transition temperature of between 100 and 250°C
after the coating compound is coated over the first coating layer
and baked. |



| ayer may be any conventional insulating resin. Exanples of such insulating
resins are polyimde, polyam deimde, polyesterimde, polyesteram dei m de,
pol yhi dant oi n, pol yester, polyurethane, polyvinyl formal, and the |ike. The
present invention is particularly effective with polyi m de and

pol yam dei m de, since none of the conventional insulated wres coated with
pol yam dei m de or polyim de has good lubricity. The first
coating layer may conprises two or nor# sub- |ayers each conprising the
above insulating resin, or may be nade froma blend of two or nore of the

above insulating resyhen the ?l_ass trahBRidPO iy APedaturedss 9swRe! thiam de coating
resin is a heat resistant coaling resin having i mde bonds in a nol ecul e.
Exanpl es of QR yomihigheoadhang280tpotmelsiugrieit? YEE the inavdtirapllayér dsn E. | .
duPont), TORAYNEESE #2000 and #3000 (both available from TORAY), and the

| i ke, and iesaffpdient,ofintdhtheotffectsdef thdepeesantninuentisourade act H - 400,

HI - 405, HI -406 (all available fromH tachi Chem cal), and the |ike.

The seconcﬁ%ﬂj&t‘ﬁﬁg | ayer conprises the insulating resin having the gl ass

transition tenperatuge of, befween 100 and 250[err] C after the coatjng
conmpound i s coated Célé?htlfﬁuhtmgt redat My P&y Pyalﬂ'fu%m_resm which

-4 has a glass transition temperature in the above range and is soluble
in solvents. Examples of such insulating resin are polyester,
polyesterimide, polyurethane, polyvinyl formal, polysulfone,
polyether sulfone, polyether imide, as well as polyimide,
polyamideimide, polyhydantoin, polybenzimidazole and aromatic
polyamide which are modified to lower their glass transition
temperatures.

Among the insulating coating compounds for the second
insulating layer, polyester or polyesterimide coating compounds and
polyimide or polyamideimide coating compounds containing a
crosslinking agent are preferred, since they achieve the good
effects of the present invention. Thus, the polyimide or
polyamideimide contained in the second insulating layer has been
crosslinked with the crosslinking agent.

The polyester or polyesterimide coating resin is a resin
having ester bonds or both ester bonds and imide bonds in a
molecule. Examples of the polyester coating compounds are
DERACOAT E-270 and E-220 (both available from NITTO DENKO),
LITON 3600 and 2100 {both available from TOTOKU PAINT), ISONEL-
200 (available from NISSHOKU SCHENECTADY), BRIDGINOLE E1000
(available from DAINICHI SEIKA), and the like.- Examples of the
polyesterimide coating compounds are ISOMID 40 and RL (both
available from NISSHOKU SCHENECTADY), FS-304 and FS-210 (both



Wien the glass transition tenperature is |ower than 100[err] C or higher
than 250[err]C, the lubricity of the insulating layer is insufficient, and
the effects of the present invention are not achieved. Such
insulating resin may be any insulating resin which has a glass transition
tenperature in the above range and is soluble in solvents. Exanples of such
insul-ating resin are polyester, polyesterimde, polyurethane, polyvinyl
formal , pol ysul fone, polyether sul f one® pol yether imde, as well as
pol yi m de, pol yani dei m de; pol yhydantoin, polybenzi m dazole and aromatic
pol yani de awaileblerteomoDiMiNEDH! SERMRY, dmeithedikass transition tenperatures.
Among the insulating coating conpounds for the second insulating |ayer,

pol yester or pol yestldré malgamédeimide compalyidsidandoating yﬂelsmmsoa heat
pol yam dei mi de coating conpounds containing a crosslinking agent are
pref er r ed,reslstart cheyingcresinenaviaggisnideebbadssinod maleguleserixampast i on.
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conpounds @hemi¢ciN BndOttendikel. (both avail able from N SSHOKU SCHENECTADY)
FS-304 and FS-210 (both

The solvents contained in the coating compounds for the
first and second coating layers are organic solvents. Examples of
the organic solvents are:

basic solvents such as dimethylformadide (DMF),
dimethyl acetamide (DMAc), N-methyl-2-pyrrolidone (NMyP), etc.;

phenols such as cresol, phenol, xylenol, etc;

aromatic hydrocarbons such as toluene, xylene,
alkylbenzenes, eic.;

ethers such as dioxane, tetrahydrofuran, etc.;

ketones such as methyl ethyl ketone (MEK]},
cyclohexanone, etc.;

esters such as ethyl acetate, butyl acetate, eifc,;

glycols or their esters such as cellosolve,
glycocellosolve, etc. |

Any crosslinking agent may be used insofar as it reacts
with the polyimide or polyamideimide resins or reacts by itself to
provide cured materials.

Specific examples of the crosslinking agents are
isocyanates or stabilized isocyanates prepared from isocyanates

such as DESMODURE AP STABLE and DESMODURE CT STABLE (both



-5- available from DAINICH SEIKA), and the |ike. The

pol yam dei m de or polyimde coating resin is a heat resistant coating
resin having imde bonds in a nolecule. Exanples of the polyimde coating
conpounds are PYRE M. (available fromE. |I. duPont), TORAYNEESE #2000 and
#3000 (both available from TORAY), and the |like, and exanples of the

pol yam dei m de coati ng conpounds are HI -400, HI -405, H -406 (all available
from Hitachi Chenical), and the like~ 6 - | The sol vents contained in
t he coating conpounds for the first and second coating |ayers are organic

sol vents. &xamRiesont SUNMPTOMIRBIS/ERIYRETHANE), MILLIONATE MBShGke! vents
such as di net hyl f ormadi de (DMF), dinethyl acetam de (DVAC),

N- et hyl - 2COUCGNATERE0E Kbbter aydiablefrom NIPPON POLYURETHHANESUshd as
cresol, phenol, xylenol, etc.; aromati ¢ hydrocarbons such as
t ol uene, xyieesmoseilikg| tesinersish asc phenol resins, melamise stesingsatkyaxane,
tetrahydrofuran, etc.; | . ketones such as nethyl ethyl ketone
( MEK) , resins, urea resins, acrylic resins, epoxy resins, etc.

Among them, the stabilized isocyanates are prefer_red
because of the good effects on the improvement of lubricity. In
particular, COLONATE 2503, MILLIONATE MS-50 and DESMODURE AP
STABLE are preferred.

The crosslinking agent is added to the polyimide or
polyamideimide coating compound in an amount of between 10 and
1000 wt. parts per 100 wt. parts of the solid content in the coating
compound. Preferably, the amount of the crosslinking agent is
between 50 and 200 wt. parts per 100 wt. parts of the solid content
in the varnish since the effects of the present invention are well
achieved.

The lubricant may be any one that can improve the
lubricity of the insulating layer such as natural or synthetic waxes
or silicones.

Examples of the natural waxes are plant waxes (e.g.
candelilla wax, carnauba wax, rice wax, etc.), animal waxes (e.g.
bees wax, lanolin, spermaceti wax, eic.), mineral waxes (e.g. montan
wax, ozokerite, ceresine, etc.}, and petroleum waxes-(e.g. paraffin
wax, microcrystalline wax, etc.). Examples of the synthetic waxes
are synthetic hydrocarbon waxes (e.g. Fischer-Tropsch wax,
polyethylene wax, etc.), modified waxes (e.g. montan wax
derivatives, paraffin wax derivatives, microcrystalline wax

derivatives, etc.), hydrogenated waxes (e.g. hydrogenated castor ail,

hydrogenated castor oil derivatives, etc.), 1,12-hydroxystearic acid,



cycl ohexanone, etc.; esters such as ethyl acetate, butyl

acetate, etc.; glycols or their esters such as cell osol ve,

gl ycocel | osol ve, etc. Any crosslinking agent nmay be used insofar
as it reacts with the polyimde or polyam deinm de resins or reacts by
itself to provide cured materials. Speci fic exanples of the

crosslinking agents are i socyanates or_stabilized isocyanates prepared from
i socyanat es such as DESMODURE AP STABLE and DESMODURE CT STABLE (both
-6- available from SUM TOMO BAYER URETHANE), M LLI ONATE M5-50 and COLONATE

2503 (bot texae | adibeafiios; MABRN HBydd¥eT N, apfdtHdgikepset ting resins

such as phenol resins, nelamne resins, alkyd resins, urea resins, acrylic
resins, epoxy resin&€xamples of the silicoveznarehmethylisdicain@bidili zeilenyl

I socyanates are preferred because of the good effects on the inprovenent of
| ubri ci ty.siligompareil,ctheir, deiva@ivasy 2803 thea like. ONATE M- 50 and DESMODURE AP
STABLE are preferred.. The crosslinking agent is added to the

pol yi m de or pol yam éWF?EeOchéﬁi%@‘%mﬁﬂ‘cpﬁeﬁnmgﬁoﬁﬂtu%?dbet ween 10 and

The amount of the lubricant is preferably between 0.5
and 10 wt. parts per 100 wt. parts of the solid content in the
insulating coating compound which provides the coating having the
glass transition temperature of between 100 and 250°C after
coating and baking.

When the amount of the lubricant is less than 0.5 wt.
parts, the effect of the lubricant is insufficient. When the amount
of the lubricant exceeds 10 wt. parts, the appearance and strength
of the coated layer deteriorate. |

Among them, the synthetic hydrocarbon waxes such as
polyethylene waxes are preferred, since they can impart good
fubricity to the insulating layer and are not extracted with washing
solvents and refrigerants.

The thickness of the second coating layer containing the
fubricant is 0.005 mm or fess. When the thickness of the second
coating layer exceeds 0.005 mm, the lubricity is not improved. The
fower limit of the thickness of the second coating layer cannot be
exactly defined since it depends on the combination of materials.
For example, the lower limit is about 0.0005 mm, preferably 0.001
mm.

The conductor can be any electrical conductor such as a
copper wire, nickel-plated copper wire, aluminum wire, gold wire,
gold-plated copper wire, and the like.

The first insulating coating compound is applied on the



1600 wt.

parts per 100 wt. parts of the solid content in the coating

conpound. Preferably, the anount of the crosslinking agent is between 50
and 200 wt. parts per 100 wt. parts of the solid content in the varni
since the effects of the present invention are well achieved.

The | ubricant may be any one that can inprove the lubricity of the

I nsul-ating | ayer such as natural or synthetic waxes or silicones.
Exanpl es of the natural waxes are plan8 waxes (e.g. candelilla wax,
carnauba wax, rice wax, etc.), animl waxes (e.g. bees wax, |anolin,

sper macet | c¥Rduct8t @nd bAKEA! M a“@rfferafurd bERMED AUX an8Z6667C L eTheer esi ne,

etc.), and petroleumwaxes (e.g. paraffin wax, mcrocrystalline wax,

Exanpl es ofhitkwesy ndfhifie dirstXasumtings Yaydreidepehnydr onabkiver \waxeidtides g.

Fi scher-Tropsch wax, polyethylene wax, etc.), nodified waxes (e.g. nontan

wax derivasusches3s phe «ite ofwive denduetiorye&or raxampley ¢hel thiclenassxof the

derivatives, etc.), hydrogenated waxes ééa(.;g. hydr ogenat ed castor oil,
a

hydr ogenat Btstciasueating |layer iy Retween &
-7- steari,c acid am

ei ¢ anhydride imde, and the I|ike.

( de, na
Exanpl es ofiam@tes; ¢ tame 13 thyl-8i Mone oil, phenyl

Then, the second insulating coating compound is applied
on the first insulating tayer and baked at a temperature between
400 and 600°C.

EXAMPLES

The present invention will be illustrated by the
foﬂowing'examples, which do not limit the scope of the present
invention in any way.

Example 1

A polyamideimide varnish (HI[-400 available from
HITACH! CHEMICAL) as the first insulating varnish was coated on
the copper conductor having a diameter of 1.0 mm and baked at
450°C to form the first coating layer having a thickness of 0.030
mm. Then, the second insulating varnish consisting of a polyester
varnish (DERACOAT E-220 available from NITTO DENKO) and a
polyethylene (PE) wax (220P available from MITSUlI PETROCHEMICAL)
in an amount of 3 wt. parts per 100 wt. parts of the solid content in
the polyester varnish was coated on the formed first insulating
layer and baked at 450°C to form the second coating layer having a
thickness of 0.002 mm.

The properties of the produced insulated wire were
measured as follows:

| Lubﬁchy
Two insulated wires were extended between a pair of

sh

etc.).

ngd 10-.@58ym1’6x‘9/§?@am% acid,



silicone oil, their derivatives, and the |iKke. M xtures of the
waxes and silicones may be used. The anopunt of the lubricant is
preferably between 0.5 and 10 wt. parts per 100 wt. parts of the solid
content in the insulating coating conmpound whi ch provides the coating
having the glass transition tenperature of between 100 and 250[err] C after
coating and baki ng. When the anmount of the lubricant is |ess
than 0.5 wt. parts, the effect of the Bubricant is insufficient. Wen the
anount of the |ubricant exceeds 10 wt. parts, the appearance and strength

of the Coa\’i&‘?zérﬂ?éﬁ&@ﬁtc%i Qﬁﬁéggﬁyland a weigﬁ%iﬁg%o tlgﬁgﬁi’s{“d'fe“ c

hydr ocar bon waxes as po ene waxes are preferre since they can

i npart goggsliieed oiirgst adfidd e Ukiiditbrhawes BREed BnNtHe @xiteAgEEd Wi th
washi ng solvents and refrigerants. he thickness of the second

coating | aygescaithatie ngireSeadihbred aot thes Weighd tovtem bewsg Wien the
t hi ckness of the second coating | ayer exceeds 0.005 mm the lubricity is
not i nproveerpenidiculaoverthe eixtended heiresi cRines wedghtt wasseubled coating | ayer
cannot be exactly defined since it depends on the conbination of materials.
For exanplRorizontallpvel a raget of s1Gnimin.0808 the redeired aierge owes1 mm
The conductor can be_‘_%‘nl)’/1 el ectri.cal COF(;IAJC'[OI’. S Cf{ as a_ copper, wre,

R o ,

ni ckel - pl amgésb’_()?ﬂ)er 2 af ’ﬁlﬁﬂty\P YNgonig :‘?E",n JE73- QF@aeéopp_er
\glp:olei’ egngné‘{]‘ﬁogbkﬁ'm the fcllowinahgqaé{iaﬁ: i nsul ating coating conpound is
Coefficient of dynamic friction = F/W
in which F is a force (kgW) required for pulling the weight
horizontally, and W is é weight (kg) of the weight.
The lubricity was evaluated from the coefficient of
dynamic friction.
Flexibili
The flexibility was evaluated according to JIS C 3003-
1984 using a cylindrical rod havfng the same diameter as that of the
insulated wire. The insulated wire was ranked “Good” when no |
crack was observed on the insulating coating.
Abrasion resistance
Abrasion resistance was measured according to JIS C
3003-1984.

Breakdown voltage

The breakdown voltage was measured according to JIS C
3003-1984

The results are shown in Table 1.

Example 2
The insulated wire was produced in the same manner as
in Example 1 except that the polyimide varnish (ML available from

E.l. duPont) was used in place of the polyamideimide varnish, and the



-8- conductor and baked at a tenperature between 400 and 600[err]C. The

t hi ckness of the first insulating | ayer depends on other conditions such as
the size of the conductor. For exanple, the thickness of the first

insul ating |layer is between 0.020 and 0. 050 mm when the dianeter of the
conductor is 1.0 mm Then, the second insulating coating
conpound is applied on the first insulating | ayer and baked at a

t enper at ure between 400 and 600[err]'C.1%XAIVPLES The present
invention will be illustrated by the follow ng exanpl es, which do not limt
the scope piopehBeprnesenimedsiaati PNthd satye Waxys as in Examplexanple 1

A pol yam dei m de varnish (H -400 available from H TACH CHEM CAL) as the
first insulating varhhghreaaRs carat edown inhéabbdper conduct or having a
dianeter of 1.0 nmm and baked at 450[err]Cto formthe first coating |ayer
havi ng a thickness dEX&@MEEN3nm Then, the second insul ating varnish

consi sting of a polyester varnish (DERACOAT E-ézo vai |l able from NI TTO
DENKO) and a pol yet hﬁl"%r‘lBSWP@d\M (W29 Pragdaredpinelta SANME TRERNET as
PETROCHEM CAL) i n an_ amount of 3 .wt. parts.per 100 wt. ,har of the solid
content in' aﬁ?ﬁ"?e%t%?C%rﬂTaéht%gogyoea{t%’aﬁqutWénf%? eSS Wpstd‘oi nsul ati ng
layer and hakipghi8trdRONRESHBKG SEHBNEETREPP d: BPAlh HidkA¥ss faving a

0.022 mm and the polyamideimide varnish at a film thickness of

p

0.008 were successively coated and baked in place of the
polyamideimide varnish, and the properties were measured in the
same ways as in Example 1.

The results are shown in Table 1.

Examples 4. 5 and 6

The insulated wires were produced in the same manner
as in Example 1 except that the following varnishes were used as
the second insulating varnishes in place of the polyester varnish:

Polyesterimide varnish (ISOMID 40 available from
NISSHOKU SCHENECTADY) (Example 4);

Polyesterimide varnish (FS-201 available from DAINICH]
SEIKA) (Example 5);

Polyester varnish (ISONEL 200) {(Example 6).
Then, the properties were measured in the same ways as in Example
1. The results are shown in Table 1.

Comparative Examples 1, 2 and 3

The insulated wires were produced in the same manner
as in Example 1 except that the following varnishes were used as
the second insulating varnishes in place of the polyester varnish:

Polyimide varnish (ML available from E. [. duPont)

(Comparative Example 1);



t hi ckness of 0.002 mm The properties of the produced insul ated
wre were neasured as foll ows: Lubricity Two

i nsul ated wires were extended between a pair of

-9- horizontally placed supports, and a weight having two |engths of

I nsul ated wres adhered to its bottomwas placed on the extended wires with
the wires adhered to the wei ght bottom bei ng perpendi cular to the extended
wires. The wei ght was pul | ed horizontaﬂﬁy‘at a rate of 10 cnimn. and the
required force was nmeasured. Then, a coefficient of dynamic friction was

cal cul ated accordi nngWérﬁﬁiéﬁ@x’nd@W%:ﬁﬂ%le available frorfoBfTACHINt of
dynamc friction = F/Win which Fis a force (kgW required for pulling the

wei ght hor CHEMECAL) (Sednperative Heambte @§gy) of the weight. The
lubricity was evaluated fromthe coefficient of dynamc friction,
Flexibility Polyphenioxgxyamigh (YRad GSaEEBt avaiaideriaemg TQHOI S C

3003- 1984 ng a cylindrical rqod having the sanme dianmeter as that of the
éEl lndut ?éomparat?ve xample 3

Then, the properties were measured in the same ways as in Example
1. The results are shown in Table 1.

Examples 7-11

The insulated wires were produced in the same manner
as in Example 1 except that the following waxes were used in place
of the polyethylene wax:

Carnauba wax (Example 7);

Bees wax (Example 8);

Solid paraffin (Example 8);

Montan wax (Example 10);

Microcrystalline wax (Example 11).
Then, the properties were measured in the same ways as in Example
1. The results are shown in Table 1.

Examples 12-16 and Comparative Example 4 and 5

The insulated wires were produced in the same manner
as in Example 1 except that the polyethylene was added to the
polyester varnish in the following amounts:

0.3 wt. part (Comparative Example 4);

0.5 wt. part (Example 12}

1.0 wt. part (Example 13)

2.0 wt. parts (Example 14)

5.0 wt. parts (Example 15)

10 wt. parts (Example 16)

15 wt. parts (Comparative Example 5).



insulated wire. The insulated wire was ranked " Good" when no crack was

observed on the insulating coating. Abr asi on resi stance

Abr asi on resistance was neasured according to JIS C 3003-1 984.

Br eakdown vol t age The breakdown vol tage was neasured accordi ng
to JIS C 3003-1984 The results are shown in Table 1.

Exanpl e 2 The insul ated wire was produced in the sane nanner as

in Exanple 1 except that the polyi mi del &/dr ni sh (M. available fromE.I.
duPont) was used in place of the polyam dei m de varni sh, and the

- 10 - priopett tles wereitiensfr gk iinstlhted ankevayerasmeasbradpinetie

The results are shown in Table 1. Exanple 3 The

i nsul at ed sdme ways @Eodudxamplet he ThewvesuliaareashownHrampbke 2. except t hat
t he pol yesterim de varnish (1 SOMD 40



avai l able from

t he pol yam dei mi dem{@h&ltﬁﬁnaén

coat ed and baked

wer e measur ed
shown i n Tabl e

at a filmthick s of 0.022 nm and

Repilded M thi ckness of 0.JO0gS vaey; TSF«T' rvely
|n pol yami dei mi de vargi sh, 8 ?g rties
|nth Hﬂ E&pln Exanmpl e 1. 5 esultis are
1. les 4. 5 and 6 The 1 nstl at ed

wires were produced in the same manner as in Exanple 1 except that the

foll owi ng varni shes were used as
of the polyester varnish:

t heldetond i nsul ati ng varni shes in place
Pol yesteri m de varnish (1 SOMD 40

avai |l abl e from_NLSS L SCHENECTADY) (Exagple 4);
Pol yesteri fiedp va&r®i sh (F<S-2(a;i agai | abl e frajsn,JDAI&lICI;J!1 Sgl KA) (Exanple 5);
Pol yest er \@jniz_sggl,s NELS20@ (BxanplEe 6) .| Jhen, St he; prbper tfi es were
neasured if §h@ g Wfys—as o n &xanpke 1 T resul ts afe sHown in Table
1. “Corparptive &amp!es 1—2 aHd-—3 Fhg i nsul at ed
wires werelprpduced ih th %re genner, as i Exarrpl el except that the
foll owi ng &’(m‘f;sgeg Wer e use asxt he second & msul 3 g vREni dghes in place
of the pol y&s} & ovarn sht 2 ol yi m@ie, vafnl (M a\wai | able from
E. |. duPohiy| £EHI&L Al ve Exarrp?e 1) ;
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Pol yam dei
( Conpar at i
avail abl e

m de varni sh (H -400 avail able from H TACH CHEM CAL)
ve Exanple 2); Pol yphenoxy varni sh (YP50 CS 25B
from TOHO KASEI | ndustry) (Conparative Exanple 3). Then, the

properties were neasured in the sane ways as in Exanple 1. The results are

shown in Table 1.
wer e -produced in the sanme manner as i
waxes were used in place of the polye

Examples 7-11 The insul ated wires
q Exanpl e 1 except that the follow ng
tﬁyl‘ene wax: Car nauba wax

(Exampl e 7); Bees wax (Exanple 8); Solid paraffin
(Exanpl e Table 2 Mont an wax ( Exanpl e 10);
Mcrocrystalline wax (Exanple 11). Then. the properties were neasured in
Examios 1o a ety chrmara e, Begaf iy 2od e ST N ToR el ated
Wi I‘(TS) wer«i Br oduced i@?ﬁg'gsﬂﬁ H@gﬁ%ﬁ’a@é iﬁ"%gﬂ}rl e 1 except that the
pol yet hyl dpggaweaﬁded to the 0.06

Example 8 0.07

Example 9 0.08

Example 10 0.07

Example 11 0.08

Example 12 0.08

Example 13 0.06

Example 14 0.05

Example 15 0.06

Example 16 0.07

Comp. Ex. 4 0.10

Comp. Ex. 5 0.11

Example 17

A polyamideimide varnish (HI-400 available from
HITACHI CHEMICAL) as the first insulating varnish was coated on
the copper conductor having a diameter of 1.0 mm and baked at
450°C to form the first coating layer having a thickness of 0.030
mm. Then, the second insulating varnish consisting of the same
polyamideimide varnish as used above (50 wt. parts in terms of the
solid content), COLONATE 2503 (available from NIPPON
POLYURETHANE) (50 wt. parts in terms of the solid content) and a
polyethylene wax (220P available from MITSUI PETROCHEMICAL) (3
wt. parts} was cdéted on the formed first insulating layer and baked
at 450°C to form the second coating layer having a thickness of
0.002 mm.

The properties of the produced insulated wire were
measured in the same ways as in Example 1.

The results are shown in Table 3.



pol yester varnish in the follow ng anounts: 0.3 wt. part

(Conpar ative Exanple 4); 0.5 wt. part (Exanple 12)

1.0 wt. part (Exanple 13) 2.0 wt. parts (Exanple 14)

5.0 wt. parts (Exanple 15) 10 wt. parts (Exanple 16)

15 wt. parts (Conparative Exanple 5).

- 12-- Then, the lubricities of the insulated wires were neasured in the

same ways as in Exanple 1. The resul ts!@re shown in Table 2.

Example 18
The insulated wire was produced in the same manner as

in Example 17 except that the polyimide varnish (TORAYNEESE
#3000 available from TORAY) was used in place of the
polyamideimide varnish in the first and second varnishes, and the
properties of the insulated wire were measured in the same ways as
in Example 1. The results are shown in Table 3.

Examples 19-23

The insulated wire were produced in the same manner as
in Example 17 except that the following materials were used in
place of COLONATE 2503:

DESMODURE CT STABLE (Example 19);

DESMODURE AP STABLE (Example 20);

MILLIONATE MS-50 (Example 21);

Melamine resin (SUPER BECKAMINE available from
DAINIPPON INK AND CHEMICAL, Inc.);

Phenol resin (PLYHOFEN available from DAINIPPON INK
AND CHEMICAL, Inc.).
Then, the properties of the insulated wires were measured in the
same ways as in Example 1. The results are shown in Table 3.

Examples 24-28

The insulated wires were produced in the same manner
as in Example 17 except that the following waxes were used in
place of the polyethylene wax:

Carnauba wax {Example 24);

Bees wax (Example 25);

Solid paraffin (Example 26);

Montan wax (Example 27);



-13 - [err] - 14 - Table 2

Exanpl e Lubricity No. (Coefficient of dynamc
friction) Exanple 7 0. 06 Exanple 8 0. 07
Exanple 9 0. 08 Exanple 10 0. 07 Exanple 11
0. 08 Exanple 12 0. 08 Exanple 13 0. 06 Exanpl e
14 - 0. 05 Exanple 15 16 0. 06

Microcrystalline wax (Example 28).
Then, the properfies were measured in the same ways as in Example _
1. The results are shown in Table 3.

Examples 29-33 and Comparative Example 6 and 7

The insulated wires were produced in the same manner
as in Example 17 except that the polyethylene was added to the
polyester varnish in the following amounts:

0.3 wt. part (Comparative Exampie 6);

0.5 wt. part (Example 29)

1.0 wt. part (Example 30) .

2.0 wt. parts (EXample 31)

5.0 wt. parts (Example 32)

10 wt. parts (Example 33)

15 wt. parts (Comparative Example 7).
Then, the lubricities of the insulated wires were measured in the -
same ways as in Example 1. The. results are shown in Table 4.

Examples 34-37

The insulated wires were produced in the same manner
as in Example 17 except that the amounts of the poiyamideimide
varnish and COLONATE 2503 were changed as follows:

(Example 34)

Polyamideimide: 80 wt. parts

COLONATE 2503: 20 wt. parts

Glas's transition temperature: 245°C

(Example 35)

Polyamideimide: 60 wt. parts

COLONATE 2503: 40 wt. parts

Glass transition temperature: 230°C



Exanpl e 16 0.07 Conp. Ex. 4 0.10 Conp. Ex.5
0.11 Exanple 17 A pol yam dei m de varni sh (H -400
avai |l able from H TACH CHEM CAL) as-the first insulating varnish was coated
on the copper conductor having a dianeter of 1.0 mm and baked at 450[err]C
to formthe first coating |layer having a thickness of 0.030 mm Then, the
second insul ating varni sh consisting of_the sane pol yam dei m de varni sh as
used above (50 wt. parts in terns of thé 3olid content), COLONATE 2503
(avai l able from Nl PPON POLYURETHANE) (50 w. parts in ternms of the solid
content) and a pol yetEwdrepke 85 (220P available from M TSU PETROCHEM CAL)
(3 w. parts) was coated on the fornmed first insulating |ayer and baked at
450[ err] C to form t hBokaroiggimide: g Ivilyeparavi ng a t hi ckness of 0.002 nm
The properties of th(e:ooroduced insul ated wire were neasured in the sanme
ways as in Exanpl e 16OLONATE 2503r60C wdup@8Sare shown in Table 3.

- 15 - Glass transition temperature: 210°C
(Example 37)
Polyamideimide: 20 wt. parts
COLONATE 2503: 80 wt. parts
Glass transition temperature: 190°C
Then, the lubricities of the insulated wires were measured in the

same ways as in Example 1. The results are shown in Table 4.



Exanpl e 18 The insulated wire was produced in the sane nmanner as
i n Exanpl e 17 except that the polyimde varni sh (TORAYNEESE #3000 avail abl e
from TORAY) was used in place of the pol yam deim de varnish in the first
and second varni shes, and the properties of the insulated wire were
measured in the sanme ways as in Exanple 1. The results are shown in Table

3. . Exanpl es 19-23 The insulated wire were produced in
the sane manner as in Exanple 17 eXCEp1t8 tthat the following naterials were
used in place of COLONATE 2503: DESMODURE CT STABLE (Exanpl e
19) ; DESMODURE AP STABLE (Exanpl e 20); M LLI ONATE
M5-50 (Exanple 21); Mel am ne resin ( SUPER BECKAM NE avai | abl e
from DAI Nl PPON | NK AND CHEM CAL, Inc.); Phenol resin (PLYHOFEN .
avail abl e f DALNIPPON L NK_AND CHEM CAL | ) Then - the prgperties of
the insul atled [wire§ wer¢ npasured in the samg ways as in Exanplle 1. The
results arg shan ien TablelZ S S gExanH:)‘geg 28-28v | w The
i nsul at ed Wicbe:sgv&etaeéprodu:ed i? te same manherS as<l n &xanp] e (17 except
that the fdl¥owmyondxes &wg\r‘e usedSin place dfthe pol yet hyl enq wax:
Car nauba wepd (B & # 24) Bees wax (Exanple 25);
Solid parafff7T (Ex%npi e1267; Vortam—wax ( Exanpte—27)1;
B
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- 16 -

M crocrystal l i ne wax (Exanple 28).

Then, the properties

were nmeasured in the sanme ways as in Exanple 1. The results are shown in
Exanpl es 29-33 and Conparative Exanple 6 and 7

The i'nsul ated wires were produced in the sane nmanner as in Exanple 17
except that the polyethylene was added to the polyester varnish in the

Tabl e 3.

t (Conparative Exanple 6);

part (Exanple 30)

parts (Exanple 32)

parts (Conparative Exanple 7).

of the insulated wires were neasured in the sane ways

Exanpl es
in the sane manner as in

¢i m de varni sh and

Exanpl e 34)

foll ow ng anounts: 0.3 w. ﬁ)ar

0.5 wt. part (Exanple 29) 118 wt .

2.0 wt. parts (Exanple 31) 5.0 wt.

10 wt . par Tap(dganpl e 33) 15 w.

Then, the Tubricitjies

as in Exanp I he results are§J n Tabl e 4.

Syl ERamp g f? ﬁ% r!Pr\{\l.'i'lt ;

Exanpl e 17| ¥cept tha %t% quq@"go fgfgm

COLONATE ZBgﬁawg fép anged as foll V85
Example 25 0.08
Example 26 0.08 ¢
Example 27 0.07
Example 28 0.08
Example 29 0.07
Example 30 0.05
Example 31 0.05
Example 32 0.06
Example 33 0.06
Comp.Ex. 6 0.11
Comp. Ex. 7 0.11
Example 34 0.09
Example 36 0.05
Example 37 0.05
Example 38 0.08




Pol yam dei m de: 80 wt. parts COLONATE 2503: 20 wt. parts

G ass transition tenperature: 245[err]C ( Exanpte—35)

Pol yam dei mi de: 60 w. parts COLONATE 2503: 4

G as$ transition tenperature: 230[err]C ?l“m”"'m" "l,ll”"l
- 17 - (Exanpl e 36) Pol yam dei m de:*

COLONATE 2503: 60 wt. parts @ ass transition terrperat ure
210[err] C (Exampl e 37) - 20 - Pol yam dei m de: 20 w. parts
COLONATE 2503: 80 wt. parts G ass transition tenperature:

190[ err] C Then, thewHbtiigidinghedfisthe insulated wires were neasured in the
sane ways as in Exanple 1. The results are shown in Table 4.
1. An insulated wire comprising a conductor, a first

insulating layer on the conductor, and a second insulating layer
which comprises a coating resin having a glass transition
temperature of between 100 and 250°C after baking and a lubricant
and has a thickness of 0.005 mm or less.

2. The insulated wire according to claim 1 wherein said
lubricant is contained in an amount of between 0.5 and 10 wt. parts

. per 100 wt. parts of a solid content in a coating compound for said
second insulating layer.

3. The insulated wire according to claim 1, wherein said
lubricant is a polyethylene wax.

4. The insulated wire according to claim 1, wherein said
coating resin in said second coating layer is at least one resin
selected from the group consisting of polyimide which has been
crosslinked with a crosélinking agent, polyamideimide which has
been crosslinked with a crosslinking agent, polyester and
polyésterimide.

5. The insulated wire according to claim 2, wherein said
coating resin in said second coating layer is at least one resin
selected from the group consisting of polyimide which has been
crosslinked with a crosslinking agent, polyamideimide which has
been crosslinked "with a crosslinking agent, polyester and
polyesterimide.

6. The insulated wire according to claim 4, wherein a
weight ratio of polyimide or polyamideimide to the crosslinking
agent is between 90:10 and 10:90, preferably between 70:30 and
30:70.



-. 18 - [err] Tabl e 4
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7. The insulated wire according to claim 5, wherein a
weight ratio of polyimide or polyamideimide to the crosslinking
agent is between 90:10 and 10:90, preferably between 70:30 and
30:70.

8. The insulated wire according to claim 6, wherein said
crosslinking agent is a stabilized isocyanate.

| 9. The insulated wire according to claim 7, wherein said

crosslinking agent is a stabilized isocyanate.



Exanpl e Lubricity No. (Coefficient of dynamc friction)
Exanpl e 24 0. 06 Exanple 25 0. 08 Exanple 26

0. 08 Exanpl e 27 0. 07 Exanple 28
0. 07 Exanple 30 0. 05 Exanple 31
0. 06 Exanple 33 0.06 Conmp. Ex. 6
0.11 Exanple 34 0. 09 Exanple 36 )
0. 05 Exanple 38 0.08 -

20 - Wiat is clained is: This Sheet Has Been Replaced

sesTaaCr Or i DisclOs e AR

TITLE OF THE INVENTION
INSULATED WIRE

An insulated wire comprising a conductor, a first

insulating layer on the conductor, and a second insutating layer
which comprises a coating resin having a glass transition
temperature of between 100 and 250°C after baking and a lubricant
and has a thickness of 0.005 mm or less, which has good lubricity

and resistance to processing.



1. An insulated wire conpri 5| ng a conductor, a first insulating |ayer on
t he conductor, & atl ng Iayer whi ch conprises a coating

resin having a ( If errper.ature of between 100 and 250[err]C
after baking and | ubricant and lhas a thickness of O. 005 mm or | ess.

2. The insul at ec i r @ 3aER0M#7ngl to claim 1 wherein said l;iébrl cant i

contai hed in an unt_of between| 0.5 ang Robskitupmsheetpe Deremper 1gcézrts of

und TdP° sai d second insul ati ng | ayer.
claim1l, wherein said Iubricant Is a

a solid content |n a coati1ng col
3. The insul at ed_w |

pol yet hyl ene x = 4—Hre—nstteated—wre—accoratng—t9 claiml,
wherein said ¢Gati.ng ges]n|iP sg dSecoryy co ng | @yemmis gt feast one
resin selecte r%m%t@& griou‘-b censixsti ngRof yém whl ch®has$ been
crosslinked wilth| & S| ankTng®agéht, pdl yani det ni e whi ch hag been
crosslinked WTNl g Cross|inNkKing agent, polyester and pol yestTerl m de.
5. The insul afggd rexaccordqrngctoq:l ai ms2, er.ei nesaid cogtimg resin in
sai d second coat >.mlgyer i|<Sat 8 eddt or% re5|8'sel Bct frgmﬁhe group
consi sting of ﬁ @, i jch has been cPosslj@KRd witia cross$l i nking
agent, polyam &b i &gl &1 has bheen crossli nked with a criosslinking agent,
pol yest er and{po| gesteri ri de. © 6. ‘Fhe I nsul ated Wi refaccording to
claim4, where¢imn & wekghl rigg} ocof ool yidi de pB Pol Banitlei h®de|to the
crosslinking agepe i s*befugen| 98 1 and 30: 90, Grsef Eratlfy p¥tween 70:30 and
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- 21 - ‘ 7. The insulated wire according to claim5, wherein
wei ght ratio of polyimde or polyamdeimde to the crosgH

bet 0:10 ARCES. %Wb Apphatioe9eld1fgand . SHEET$.
ThMated %Ee according to cfaim6, wherein said c o§'§|"i‘er'i"rrg-'a'g-eTt [

il

i zed isocyanate. 9. The insul ated wrg aﬁw
cl gﬂdleﬂﬁﬁkﬁ\ CToSSi TR aycerlit S a stabi 1 zgd ‘I SO .

a

—

INSULATED WIRE
An insulated wire comprising a conductor, a first insulating layer on the conductor, and a

second insulating layer having a thickness of 0,005 mm or less which comprises a coating
resin having a glass transition temperature of between 100° and 250° C after baking and a

. lubricant, preferably polyethylene wax. Said resin is at least one selected from the group -
consisting of crosslinked polyimide, = crosslinked polyamideimide, polyester and
polyesterimide.
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