1 DESCRI PTI ON HEAT- RESI STANT RESI N VARNI SH, HEAT- RESI STANT RESI N

FI LMS, HEAT- RESI STANT RESI N COVWPCOSI TES, AND | NSULATED W RE Techni ca
Field [ 00011 The present invention relates to a heat-resistant
resin varnish which fornms a cured product that is lowin price and
excel lent in toughness. The present invention also relates to a
heat-resistant resin filmforned using t he heat-resistant resin
varni sh, a heat-resistant resin conposite containing the
heat-resistant resin filmas a conponent, and an insulated wre
havi ng an insul ating covering (coating film formed using the

heat -resi stant resin varni sh, anBESCRIFEAONor hi gh- out put notors for
autonobiles and the |ike, various electrical apparatuses, etc.

Backgr ound pAR AT-REHIRTANT RESHNOVARNISH! HIXTORESTOTARYt RABAY IFgp b0 e

devel opment has been drawing attention in view of environnental

roblems in - t ' fead hi:es for
5se in vari o@@ggﬁ S@%‘INTagglﬁgt%gmﬁ(%mﬁggdﬁm%ﬁﬂﬂ% ze and
el ectrical power consunption have been demanded, insulating filns for
use in the above-nentioned various el ectrical apparatuses and
flexible printed wiring boards, and the |ike have 2 been demanded to
have hi ghHBrchheal Fiddi st ance and al so hi gh el ongati on and hi gh
strength, i.e., higher toughness, in recent years. [0003] For
exanpl e, [pool} gh-out put notors, in order to achieve size reduction
and increase In efficiency (increase in output) with a high space

factor, the fghlaow ng.processing .operations are l.oyed:. il iIs
subj ected to predtBhiRRYGRIS M @R ARt Er ol SN iR i er e
into a Slﬁﬁ of a séator core of a_nmotor is increased, or insulated
wires foriRfMg acBirpe Papdct shatelg e in price apdpacelipntdn deughness.i ohkg
shapes of a hexagon, rectangle, etc., froma circular shape. In the
above- nenplicsamtinyenies alsogelybes &t 4 bast rdsissahtatesingfilm femeal ssihavhag
excel | ent toughness are demanded so as to prevent fracture or the

l'i ke of afedth®Histdrit@si@Opirni, hileat-a8dstane rédik @oRGE4iEL EdiBaining the
connection wth the processi ng operati ons. Mor eover, heat-resi st ant

resin fil f.ar: L O Vi i I T rs,
ro | ar dopbishaR iRkt hO Blob o, o6 A inBIRERRY NERF) O
t oughness. al ] owi ng resi sting driving, such endi ng, together with
i b hearinpRttiEheatng Sengame im) SkseEHoReThe BERHErSRIERL TRIR havi ng
excel l ent toughness together with high heat resistance, polyimde
resinis W@?ﬁ%‘l apyl ig meed fr logh potptmetors Esiavtompbiles arbtire Itlesi st ance
and nore excel |l ent toughness can be achi eved. However, polyim de
resin is expansivariandagiagapisebless in terns of processability.
Therefore, a high-toughness heat-resistant resin material which is
i nexpensi ve and whi ch has excellent processability has been 3
dermanded. [ 0005] As a heat-resistant resin material which is
| ess expegghge aq@ hgs better processability, higher heat resistance,
and hi gher ?&ﬁ&ﬁ% éﬁ than polyimde resin, a m xture of
polyanide-iniﬂe resin and polyimde resin has been proposed and is,
for exaanOQ,O2 escribed in Japanese Unexam ned Patent Application
Publ i cati on No. 2005-78934 (Patent Docunent 1), Japanese Unexam ned
Pat ent Appl i catigbroubpint inota dor Neompbiss 8bR50de(eeriremt Dedcweent 2)
etc.

drawing attention in view of environmental problems in recent years,

insulating coverings of insulated wires for use in various electrical
apparatuses for which reduction in size and electrical power consumption have
been demanded, insulating films for use in the above-mentioned various

electrical apparatuses and flexible printed wiring boards, and the like have



[ Pat ent Docunent 1] Japanese Unexam ned Patent Application
Publ i cati on No. 2005-78934 [ Pat ent Docunent 2] Japanese

Unexam ned Patent Application Publication No. 2005-302597 Di scl osure
of Invention Problens to be Solved by the Invention [0006]

However, as described in Paragraph 0010 of Patent Docunent 1, "In
general, it is difficult to sinply m @ pol yam de-i m de varni sh and
pol yam de acid (precursor of polyimde resin) varnish. However, the
m xture is stabilized by heating from60 to 80C while m xing, and
then cool bag §an5R0M LSRR BEHECheat J\e@@&rﬁgla%a@ly@mgm@&ga%mﬁ*d

polyarnlde acid are ordinariy m xe he viscosity 1 ncreases

(gelling) sin h difficul 4 application. In
order to B’rgi\/sgﬁ‘:‘inﬁhe ‘%r%ﬁh‘&ﬂ}oﬁ IPES: R LEEE gg’?f”ﬁ% provi de, after

heat i ng aF xing, a conplicated process of cooling for
stabi | i zatd0§8! Even when such a process is provided, the m xing
becones difficult in practice in many cases. [00071 The present

i nventi on has fheeganmpie ihhigh-ewpft rhéersbhovedaas achied sprabliesson The
present invention ains to provide a heat-resistant resin varnish

whose Vi SgR$itite4Q8% é?ﬁ&lehey:a&a%sseeﬂﬁ&ut%% APk dbsek ﬁe&e‘ceal%es

such as heating and cool 1 ng, are not prov I'ch™1's easl

applied t substrate, such 0 cur

product hEURHEPEREEEPE ORFTALGge ﬁr%ﬁﬁlpé‘iy\gﬁg%‘i’lg}? W bé‘efg]wﬂ&%gse% ch
are conparable to those obtained in a case where polyimde resin is
used; andPy@eEeng.she masapasliesudetiegayises wisetied iptel 8/ 6lat akba plagpncore of
var ni sh. [ 00081 The present invention also provides a heat-resistant

resin fil gmeatot & inkcraisad, curiashlptaihites @roiing chidabre fosingtl antas tehhate
varni sh and havi ng excell ent toughness and a heat-resistant resin

CONMpPosi t ei0Hd-MRPnhNEhdIRA bt 'éx%kﬁé&{'treétﬁﬁglé Ecl, BAR aficUMRANERE:
[ 00091 The present invention also provides an |nsulated wre

e 1 SO M P R e
resin andez‘\(lg(]elllggt {:osug nseésl grepc{e%gelljrfd%?i so as to prevent fracture or the like of an
insulating coating film and the like oceurring in connection with the
processing operations. Moreover, heat-resistant resin films for use in driving
units of cellular phones, printers, etc., are demanded to have mechanical
properties, such as excellent toughness allowing resisting driving, such as
bending, together with high heat resistance.
[0004]

As an insulating material having excellent toughness together with high
heat resistance, polyimide resin is known. By the use of polyimide resin,
higher heat resistance and more excellent toughness can be achieved.
However, polyimide resin is expensive and has problems in terms of

processability. Therefore, a high-toughness heat-resistant resin material

which is inexpensive and which has excellent processability has been



5 Means for Sol ving the Probl ens Now The present inventors
have conducted extensive research. As a result, the present inventors
found that, by m xing pol yaraide-imde resin and pol yam de acid after
bl ocking the term nal isocyanate functional group of the

pol yam de-imde resin with a bl ocking agent, increase in viscosity
(gelling) occurring in connection with the m xing can be suppressed
and a m xture having | ow viscosity which allows application can be
obt ai ned wi thout heating, cooling, etc. The present inventors further
found thaje.@aglsed product obtained by baking the m xture thus
obt ai ned has excell ent toughness close to or conparable to that of
polyinide(kﬁﬁi . Thus, the present invention has been acconpli shed.
Non] e speC|f|caIIy, the present invention provides a

heat -resi stant resin varni sh containin ﬁolyanlde i mde resin whose
terninal i socydhabeafpsestpahegsinsbprinbehishdn lass serensive end Aappelry ng
agent and polyamde acid (claimV. Nol2l The pol yam de-i m de
resi n usapreehmbdityahigher peaidiessdaing, ahdhigheanphghnas teampdyihide
directly reacting tricarboxylic acid anhydride with polyval ent

i socyanat ?@slﬁa&/hﬁﬂt&%fﬁélyﬁﬂi&e IR RENAER £ Dp QYRR deNeBinSH AL 0! ecul e
in an organic solvent or a method of flrst reactlng tricarboxylic

aci d anhydri t i nor e groups
" & of noreoriBrd i uf e eRlaaht AILARE DI R E RS, Ona T
the first place, and then amdating with Polyvalent i Soci anat es

havi ng t wéPBHcaieenilicatimaie. 405 RO3{Patantipcamatddfapanpen31
Exanpl es of tricarboxylic anhydride include at | east one nenber

sel ect ed TUhnematoinerePhienit Applioytdon Beblidaviyn No. 2005-302597 (Patent

2- (3, 4-di car boxyphenyl)-2-(3- carboxyphenyl) propane anhydri de,

(3, 4-di canexxehenylete.( 3- car boxypheny0 net hane anhydri de,

(3, 4- dlcarboxyphenyo (3-carboxyphenyl ) ether anhydride,

3,3 ,4-tricar r rboxylic
anhydrlde qﬁ? nagﬁ%%%ﬂﬁﬂ%ﬂ%a cargggg f%égéggﬁggﬁ%g§ﬂ§ahgﬁ
2,3,6-nap | ene c acid anhydride, 1, 2,4-naphthal ene
tricarbox?“ggc1@?ﬂﬁén§@3$9é%L£2 2" 3-bi phenyl tricarboxylic acid
anhydride, etc, is preferable to use TMA fromthe viewpoi nt of
heat resi st anc[é’a’aﬁm Repsment@) Japanese UngyamingdHasent drilidasionc aci ds
ot her than the above-nentioned tricarboxylic anhydrides or functional
deri vat i v@ubliexteai NoaR0de30853F t oget her. Exanpl es of pol ybasic aci ds
i nclude at | east one nenber selected fromtribasic acids, such as
trimesic acid and tris(2-carboxyethyl) isocyanurate; dibasic acids,
such as terephthalic acid, isophthalic acid, succinic acid, adipic
acid, seb |G d a |d andtdodecanedlcarboxyllc acid; aliphatic or

al i cycl i c PerPafsf I8 "such as 1, 2, 3, 4- but ane t et racar boxyl i ¢
aci d, cyclopentanetetracarboxyl|c aC|d and et hyl enetetracarboxylic
aci d; ar ofaphlemsde bgmedyed %)(:F}&'SIHVS’BEﬁnaS pyronellitic acid,

3,3 ,4,4" -benzophenonet etracar boxylic acid, bis(3,4- dlcarboxyphenyl)
ether, 7I[B)®]6, 7- napht hal enet et r acar boxyl i ¢ aci d.

1,2,5,6 napht hal enet et racar boxyl i c acid,

2, 2" -bi s(3, 4- dHeatbaxypHesyibedph PRanesaph 0010 of Patent Document 1, “In
2,21, 3,3 -di phenyl tetracarboxylic acid, bis(3,4-dicarboxyphenyn
sulfone, aBdel Sk B AirhaREDRHRNERK Dbl L8R iad 095dh and polyGKARD! €S

of pol yval'ent |socyanates havi'ng two or nDre I socyanate groups in a

singl e nnle hatlc allc aromat i c/ Ilphatlc
aromatic, °5 é“pﬁ B Ao BaT B Db s o et B P B o es
i ncl ude at st, one nmenber sel ected fron1eth | ene diisocyanate

1,4-tetr aﬁ’ébﬁ sy Beatdes ramnp@ to 40 &wbﬂawm& and then selingiprreom

1, 12- dodecanedi i socyanate, cycl obutene-1, 3-diisocyanat e,
temperature.", when polyamide-imide resin and polyamide acid are ordinarily

mixed, the viscosity increases (gelling), causing a problem with difficulty of



8 organi c sol vent include N-nethyl-2-pyrolidone (NVP),

N, I NPdi met hyl f or mam de, N, N-di met hyl acet am de, and di net hyl sul f oxi de.
It is preferable to use NMP as a synthetic solvent fromthe

vi ewpoi nt of reactivity or performance of resin to be synthesized.
[00171 The pol yam de-i m de resin can be produced by, for
exanpl e, subjecting TM A and MDI to art equinolar reaction in an NMRP
solvent. It is preferable for the polyam de-imde resin to have a
nunber average nol ecul ar wei ght (hereinafter sonmetines referred to as

a nol ecul appN@itHal ) 19brddd t8QReRInt¥RE %roM@ﬁn 1ﬂ1§@1e@€§s§fg}-’f@ﬁro‘0ﬁ!e§9@&ef S

Iomer t han 10, 000, entanglenent of pol yarnldelnlde nol ecu ar chains
or entang de o ul C i mde
nol ecul ar LS %a‘géggﬁe %[l%s e grﬁrocelsﬁl%gc?ogs&fg Zatt};gﬁ Frq:(y,Y %t hat
t he toughn s of a heat-resist resin filmwhich |s obt ai ned by
baki ng a glétl SP&%MI‘&?&SS#%EW@% thamivngdecomeniitieyy e prmatisg i | m
of an insulated wire decreases. Claim2 corresponds to this

pr ef er abl mamypasts. As the pol yam de-imde resin, a
commerci al | y-avai |l abl e pol yam de-i m de resin varnish (e.qg.

" PradenanfioofE2 or the |ike, manufactured by Taoka Chem cal Co.

Ltd.) can be used. It should be noted that, here, the nunber average
nol ecul ar wei git 2C | t irene.
The sane appli es %r %lltngl% %I& %F%Egﬁq" %dﬁgﬁgﬁ% el eabgm @%%?P
produced b for e reacting tetracarh xyllc acid dlanhydrlde
Bnd di ami RESblemS, |’§3‘fn§ﬁ%ﬁ%¥ HIVGREOT A1 6 PERVISQR PEAt Tesigapheesin

Exanpl es of tetracarboxylic acid dianhydride usable here include at

| east onevamblewhost wiscesdtyf dasmn®t iiBireast evén wherhemyplidased pumessery| i ¢
acid di anhydride (BPDA), 3,3',4,4'-benzophenone tetracarboxylic acid

di anhydr i gecH &TB¥)tinBand céblfhg m@ﬂ@mbvmehewm&i s daaipayyliddtorci d
di anhydride (OPDA), 3,3',4,4' -di phenyl suI fone tetracarboxylic acid

cci 6 anhUr e (5" AV Bl BBt A
2. 2 b1 5( és%eé%?%ﬁ%&sﬁ% ohghadeTbipdaieeanion o thuebronehin

and . . , L . .
5- (2, 5- di dxBteVharspRlpiuide rysig-ipused; g whichap inexnensive gemartsakyithc
acid anhydride (CP). [00201 Exanpl es of diam ne usable here

i ncl ude at potestidorssimeabdsh.sel ect ed from p- phenyl enedi am ne,

m phenyl enedi am ne, silicone cliam ne, bis(3- am nopropyl) ether

et hane, 3[@jogili am no- 4, 41di hydr oxydi phenyl sul fone (S02- HOAB), 4, 4
"di am no-3, 3" di hydroxy bi phenyl (HOAB) 2,2-bis [4-(4-

' h I di
o ophenoxy) ek AL UGS B RRARS ISR BLyrf S < o e

i‘ g blb;ség glﬁgg 9|c§1¥%€§g¥m23ﬂ@1€ lseast?'gshlgga%r%%gls&ma?‘glsh and having

3' -di net hyl-4, 4' -di am nodi cycl ohexyl net hane, 4, 41-net hyl ene

bi s(cycl oh:e@e}lleahtmxg)hneas gnd dihgnt merdstght nsdin @t)h@p‘n(dml)tammg the heat-
3, 41-di am nodi phenyl ether (m DDE), 3, 3'-diam nodi phenyl ether,

4, 4" - di anresdstdinp ety fidml Ascnepnfporda®) , 3, 4' - di am no- di phenyl sul fone,
3, 3" -di am no-di phenyl sul fone, 2,4'- 10 di am nodi phenyl et her,

1, 3- bi s(4fgomgpophenoxy) benzene (m TPE), 1, 3-bi s(3- am nophenoxy)
benzene (APB), 2,2-bis[(4- (4- am nophenoxy) phenyfli propane (BAPP),

2, 2- bi s[ (4- (4 g&gﬁﬁ %&?m@f 'fp})ma%éggg\ggm{e%p‘%s R BT bred

bIS[4 (4-am no

Zl ZLIAfSE 2 %ﬁhnnfblg Hgﬁrql%ljtg)g hen 1 !&p;%) ﬁaggig?ﬁimga(tgesmtance and excellent

am nophenoxy) benzene (p-TPE), 4, -di am no di phenyl sulfide (ASD),
toughness comparable to those of polyimide resin and which is easily produced



11 the like, manufactured by I.S. T.). [0023] To the

heat -resi stant resin varnish of the present invention, other
conpoundi ng agents nmay be added as required. As an exanpl e thereof,

| ubricants, such as pol yethyl ene; adherence inprovers, such as a
coupling agent; nmetal and a sem conductor, and oxides, nitrides,
carbi des thereof; fillers, such as carbon black, etc., are mentioned.
[ 0024] The present invention has a feature such that

pol yam de-im de resin whose term nal isocyanate functional group has
been proceEsed fanSolblpcir®Pbldma bl ocki ng agent is used. Wen

pol yam de acid (a polyimde resin varnish or the |Iike) and
polyanideukﬁhge resin are sinply mxed w thout blocking, a mxture is
t hi ckened. 1'n particular, when the amount of pol yam de acid reaches
20% by wei ght @Qr nore based on the total resin anmount (total of

pol yani de aci espRbARTEROrs have condictpd extppsive sessaraly o & Freult,

m xture remarkably increases, resulting in difficulty of covering
appl i cat i time prasesomveabtrs fourel Gladchy mgxing gatymmideiiniperdsor aed,
reaction of a polyimde resin varnish (polyam de acid) and

pol yam depbladfdé asidrhftes oM € BSLbrnansl ibd 8 nhRCRBREENAIE YIS 6P Y
due to the m xing can be prevented. [0025 Bl ocki ng t he

]
term nal | - ' I l; Lde-im de. ' ith a
bl ocki ng Botatpasiiid et 818« SlobkineUecht iR OET PLERIGRHE o
Appl i cation Publi.cation No. 6-?&840._Fbmever, Japanese Unexam ned 12
Pat ent ApBFFUCEEEGH CPRBTTOR TR TRe misirgsBad e uppEesed ARd MGERThg
treatment as a measure to inprove the lubricity of the surface of an
i nsul at ed having laworisdeeith Mduid piovargplicatibnacapdieyshdpirdedwitowt heating,
pol ysi | oxane functional group. This is different fromthe neans for
sol vi ng t benljrgo bt My hefprebentphesants fuiventfoond th2Q26)red prodid a
bl ocki ng agent, al cohols and phenols can be nentioned. Exanpl es of

al cohol s ppgliHdenyBhRRRYhe REPARAUS Bﬁgﬁg&?giis ?1@9{; to&{é?%ﬁ%% clo%lentg

cell osol ve, ethyl” cell osol ve, nmethyl carbi enzy

cycl ohexangl . Exanpl es..of phenol s, incl ud henol , cresol , and

xyl enol . Pt 8%“?%%5&@? g%h(ﬁtn P8 HBF'%?slieéﬁT ?}ﬁlﬁeﬁﬁ RreseRt IR veRiiahas o gy t
after varni sh baking .g., mechanical properties, such as toughness,
al cohol s QP@“&W@P&ﬂﬁbﬁgx [ 00271 When pol yani de-i m de resin and
a bIockin% agent of given anounts are stirred at about 70C for about
2 hours, {@¥lléxanple, polyami de-inide resin whose terminal isocyanate
functional group has been bl ocked with a bl ocki ng agent can be

obt ai ned. [ 00Z2fdre specifichly, RYresSFiintdition ROV ek A Mot hebtdd®esin
present invention can be obtained by m xing the polyam de-imde resin

whose terni i : I; : with a
Bl ocki ng. aonehcREIARR Rl HAGE AR, G5R WhORE ForBRRR RoARIGEe 11 .
m xi ng nmethod.is,not limited, .and .the mxi can be rformed in.a
Fout i ne. miWRIOnBhGThR kA, et bIACKR, WAk riuatiing ABTR UL PO A RAP 158

m xing i s suppressed. Mreover, the heat-resistant resin 13 varnish
of the pré@éﬁ@linvention provi des a cured product havi ng excel |l ent

t oughness. Wen the conpounding ratio of polyamde acid is 50% by
wei ght or [@r8, the obtai ned cured product exhibits toughness

equi valent to that of a cured product obtained froman expensive

pol yi mi de resiDhypslfhiide-HhsR BRI Nuddhe: EORRAUNY NAdLald By, & Hayas] de
acid is lower than 50% by wei ght, the cured product obtained fromthe

heat - resi gt (s LSh: I i_.Q[: i.hJ
favorable%fgggﬁﬁgggﬂﬁ%?gEb%gﬁﬁiﬁ%%gﬁg&gg%gﬁgggﬁgghkgpﬁgﬁﬁbn?%%ghness
obtained b roportionally dividing the toughness of .a cyre r oduct
Obt ai ned FsRERen baPTk s GuhS B enan e PR fovHASEdeGte 3 Bl og
product obtained froma varnish of only polyam de-imde resin based
organic solvent or a method of first reacting tricarboxylic acid anhydride with

polyvalent amines having two or more amine groups in a single molecule in a



[ 00301 When the conpounding ratio of polyamde acid is |ower
than 5% by weight, there is tendency that the toughness of the
obt ai ned cured product of the heat-resistant resin varni sh becones
insufficient. In contrast, even when the conpounding rati o becones

| arger than 50% by wei ght, further inprovenent in toughness is not
recogni zed, and a material cost increfises thereagainst. 14 [0031]

It is preferable that the viscosity of the heat-resistant resin
varni sh of the present invention containing polyamde-imde resin and

pol yam deg,d&d sbiht30GnH0AusPanise Ponl Meke iBRG1a&; bUAGhY SE0ARGRE)
(Cdaim4). Wien the viscosity exceeds 200,000 nPa s, uniform covering

applicati : jffi t. olvent.dilution is
required Q@p%ﬁg&%@ﬁ %‘g)c%élgq‘tggﬁ?ﬁg‘%r@é)poﬁl&f(lcj}jgtlls%c?,an?%séfloﬁ ?11911 iir%mgle

i ncreased cost. Mreover, since a solvent, such as NM2P, has high
nDistureIBB@SF%tion, hydrol ysis of a polyimide precursor is likely to
occur, resulting in that the stability of a varnish decreases. In
addi ti on,[08i8lce the solid content of a varnish decreases due to
solvent dilution, it becones difficult to obtain a thick film Thus,

such a vi scosibxynipled\éfttrRaeicyEbhahydbie it edestlehe oHesaembby 1S

within the range of from 1,000 to 100,000 nPa s. 10032] I n
parti cul : = 1.esi Stant I B.(4aL ' 4@t formng
B noul s Rol B REH e S HLABNIE) 2 Aol BE L 0

thereof is preferab 10, 000 .nPa. | .owner . en Vi,Scosity
exceeds 1GrovYPLEY bg’}‘oﬁﬁﬂef *Hfl‘fﬁd&ﬁeg’ﬁd“é‘ﬁ%?’iy@ PB’&] I?f?%&&ré’ow ﬁ}éenyl)
soneti mes becone difficult. Wen the heat-resistant resin varnish is
used for mefhaneghydrideulStidigreawvhenyl (3-aarbaxgphanylrsher pnkyfdridh| e
viscosity is within the range of from 1,000 to 7,000 nPa s. [00331

I n addi tiff,4-eritreokebénzopdbstr@ninhelide, €&, aband ireapb@stiot
invention provides a heat-resistant resin filmcontaining a cured
product i ghpdrde, bIes-nkphiRAind 81aShARic8R1 MMAliies b 38 apRa 1Sk ed
and is inthe formof a filmor tube (Caimb5).” [00341 The
baking trg f a heatrresi Nt s . varnish ks peyrfaorned, by,
for oxamptRrigaytSach SRRGLEe 1 o Bleph AR Che AR AR Al Y o
to forma_ coati filmop the substrate, and then heating the coating
filmto c%?eﬁlﬁgl%ﬁglﬁmwgwss{%ﬂm@ @%hwi%ﬁ« RS h 1t 16 Rigreaablsr eIV
obt ai ned by the baking treatnent. During the process, polyam de acid
i s t her meficbmp theiva¢weaent of hentresintante dodrcosty.  Thus, the baki ng
treatnment tenperature is a tenperature higher than a tenperature
required [por4k he formation of an imde ring. The application and
baki ng of the heat-resistant resin varnish to a substrate can be

performed in a4 Quhioe, ;smgﬁsﬁc aé{fﬁ'ﬁoﬁn@?%&@ﬂ%@ ARdnbakbig of the

heat -resi stant resin varni may be repeated by twce or nore. [0035]

Exampl es of the substrate used here jnclude netal .substrat ch as
= retar ot AR Got 3 ot BB LAt Wik e SR B B el
plastic bar, and a gl ass plate. Wen the heat-resistant resin film of
t he presebramplesof palybpsiciasidsanclyde at deass ppamembereselrsiad frag) Bihasic
resin filmcan be separated fromthe substrate for use. In contrast,

t he heat - 2@d$, stigh@s tesiasid adidrmodnrib@-cgrboxyeithy e idvey argujats; ek sioacids)
integrated with the substrate or the heat-resistant resin filmcan be
i nt egr at egichi dstetsHthalic abidsisophthadictaeld, sapantdcal) adiic hbid, adtve
cases, a heat-resistant resin conposite having a substrate and a
heat - r esi gh@Nnd §SdeRahédifibdxP AidediphRE R ARGHic PRkl iR F&ch

provi des such a heat- 16 resistant resin conpoSite (Claim®6). [00361

The form of heat-resistant resin filmof the present..invention is

nor |4 1L es 4 bREtg Gt i B PR te il BraR B B0 20

filmis also nentioned as the heat-resistant resin filmof the
ethylenetetracarboxylic acid; aromatic tetrabasic acids, such as pyromellitic

acid, 3,3',4,4"-benzophenonetetracarboxylic acid, bis(3,4-dicarboxyphenyl) ether,



The cured product obtained by the heat-resistant resin varnish is
excellent in heat resistance and al so has excellent strength and

el ongation, i.e., toughness. Thus, the heat-resistant resin film of
the present invention containing a cured product obtained fromthe
heat -resi stant resin varnish is also excellent in heat resistance and
al so has high strength and elongation i.e., excellent toughness;
shows excel |l ent nechani cal properties in which breakage or the |ike
by driving is suppressed; and is preferably used for driving units,

i nsul at i ng 3eR@nkpHtHdlénetetrtirboxflic ¥al 0%, BnephiHalaletdRRABOHARS -
[ 0038] The present invention further provides an insulated wre

havi ng an_ji:Rs i . ' ' b G e-described
e e S
wire of the_ present. invention is an insuylated wire having_.a w.re and
an i nsul a%fflﬂgblé@?a‘?'fiwgr PIRPEBY ﬁvﬁ@n% pad bisidrdiearhoxpphanid) ppthanc.

The insulating coating filmhas a feature of containing at |east one
insulatin@oﬂé er formed by applying the heat-resistant resin varnish
according to any one of clainms 1 to 4 to the wire directly or through
an insul ati ng Exayeiles oMidllniiogt RoGideked Iouhatiodr ereiddaganmberi al ,
and baking the resultant (Caim?7). [0039] The insulated wire
of the pr -1 0V, i i j : Vi = i stant
resi n var Bohe (AT IO M AP e RE R AR, RS i ng
the resultant. .The haking treatment cap be, perforned under th a
Condi & onSraie, APAd R SR eGP BBt e MECEPHRR: FRAEIE ShaRanTL
resin filmis produced. 100401 As the wire, a copper wire

cont ai ni nifaptipre meppEr selecteddpen efhylepe diiseryanptenbd-tetaapjetylene

contai ning another netal material, such as a silver wire, and various
met al pl alegbepansie, 1 Stodxaasethykena dikedyadavd, rigl 2-dodecahalhiisoeyinatmned as
the wire. Exanples of the cross sectional shape of the wire include a

circul ar ¥débutdnd-@ &) Mathl &RloHRxRR¢AIPHRoc K e, GRIHEREnS1 ASS
sectional shape thereof is not I'imted. In order to increase the

space fac X i 4k rgs i hape i .
nexagonal CaussvEni A8RAR ok aBodfatale, 3 3XeBF R iR ARE 1.8
rect angul are preferable aim8). [01)41] The above-descri bed
heat - r esi g{‘%ﬁ‘ﬁle? QFW(:V%?%QS%’%%}% e@F‘%@%“?lea&pq'ﬁgﬂlenig“???y?ﬁ%t% re.
In the case where the insulating coating filmcontains a plurality of
i nsul at i n@iﬂlﬁyﬂlﬁ?thﬂné'%@@iéoﬁ@%ﬁﬁ,@éﬂl&!@é@etlwiesé,é'rdiisoeﬁﬁmwmlgh
may be applied to another insulating |ayer fornmed on the wire, i.e.,
an i nsul atliphgnykykder-4 ¢Y-dtidodtinate, xpBlded digcysiate] @dplohhRbetl@n t he
above-descri bed heat-resistant resin varni sh. Mreover, an insulating
layer for gRehc9hnRROY NEEHbRPIERELEY S1BE Sl MhateaD nRQhREMERISEE-9 -t he
i nsul ating | ayer formed of the above-described heat-resistant resin
var ni sh. ter | i ion, ,baki.ng is rforned to cure.th
nont -1 oi Db, ARBCRERLISR A TSR a S BE A iy B b ite e
[ 0042] The insulating coating filmof the insulated wire_ thus
obt ai ned PETEKE BIOFEHALE BritERetin setingleanelecals Pbkaach by uaptiEHys ihand
hi gh el ongation, i.e., excellent toughness. A wire having the
i nsul at i ngbesamentjored discsy pradeemadyp fanyiminthrleng@olyisochendteketeof t he
coating filmduring processing of the wire, and thus is preferable.
Excel | ent [(®f1séct s are exhi bited when the cross section is processed
into the shape of a hexagon or a rectangle, a coil is subjected to
press processimetigh of B8eAMIRAC AihyidhRick 38 $hlt@fhaMiERFatiRS s | Nt O
a slot of a stator core is increaséd. Advantages [0043] The
heat - resi styant .resi,n varni sh, of the prese i,aventi on I.s | Qw. i
ori ce, - anbobep 858 S Bedtncas By AR dab R e Rt Zes ket ond gn
tenperature imdization has strength and el ongation conparable to
polyvalent isocyanates having two or more isocyanate groups in a single

molecule is preferably performed in an organic solvent. Examples of the



19 excel l ent toughness. Moreover, the heat-resistant resin varnish is
easy to apply (forma heat-resistant resin film because the varnish
is free froma problemw th increase in viscosity. [00441 Si nce
the heat-resistant resin filmof the present invention has excellent
strength and excellent elongation, i.e., high toughness, breakage or
the like due to driving is suppressed.8 Thus, the heat-resistant resin
filmis preferably used for driving units, insulating coating fil ns,
etc., of various electrical apparatuses by itself in addition to as a
conponent offanihisol héittintlage N-athyesppradzae SNM2B NLKe present

i nvention. [00451 Since the insulated wire of the present

i nventionghas: i -al . i i miex i 1, resj.stance

o bR AP AR g e AR U R DR g P

and toughness, or t € 1ns g coattrhg filmis

difficult tqg. occur durj rocessj.ng. of . an i.nsulated wire, .e.g., .the
cross secPf %ﬁ'éﬁ%‘i% FPa’b‘? w?%aypﬁegmﬁgegh Lo Hre wewagugsh r‘éﬂ%t’é’lty

rectangle, a coil is subjected to press processing, or the nunber of
i nsul at ed onpefermaerafaesinie degysthesizefl. a stator core is increased.
Brief Description of Drawi ngs [ 00461 [Fig. 1] Figure 1is a

graph il {&t¥7ting the rel ationship between the conpounding ratio of
pol yam de acid and tensile strength in Exanples 1 to 6 and

Conpar ative Exppb&9arhi@Pfhide re€8 can be profih&d %3], f%i SUL51E, gu%g%tig*%aph

illustrating the relationship between the conpdundi ng ratio

I id j . | [ N 1 6. and
Compar at | JRey AR RLEGEh SRR LR i o B, ieony. 71 Hipppple

illustrating the rel ationshi p between the conpounding ratio of
pol yani deforckha Pl mignm i ybave  npnhesagerageimoleoulap eight
Conpar ati ve Exanples 2 and 3. [Fig. 4] Figure 4 is a graph
i |1 ust r at (egeinadter ebmetioreshiferimt toemm tutecabapoeighit)ng 1041000ratore.
pol yam de acid and fracture elongation in Exanples 7 to 12 and

Conpar at i VehdxenshekclagRebidht is lower {Haind10,800, Rngai BeRehBofpdiEABIRL i C
view illustrating a sea-island structure of a resin conposite

obt ai ned ﬁ%b%%%fﬁE@@?@h&ﬁﬁﬁ%ﬁ%%lezﬁgﬁﬁ o ngg[gg o-$AIdYhBR o4k Cfl%]%le

| nventi on Her el na est or “carrylng out
present invention w, | he descri.bed with reference, to the follow ng
Bcanp! s, A 1anls melt 6 Bhaip Beethes IoUHIGSH. | I hiotes it 2 t o
only the fol] owi ng Exanpl es. Exanmpl es [QO48£ EXAMPLES 1 to 6
(Product i shasncy thasdhe taaghness of pdepkremstans pgsin film which is obtained by

baking a heat-resistant resin varnish or an insulating coating film of an
insulated wire decreases. Claim 2 corresponds to this preferable aspect. As
the polyamide-imide resin, a commercially-available polyamide-imide resin
varnish (e.g., Tradename: AE2 or the like, manufactured by Taoka Chemical
Co., Ltd.) can be used. It should be noted that, here, the number average
molecular weight is a value measured by GPC in terms of polystyrene. The
same applies hereinafter.
[0018]

Polyamide acid ecan be produced by, for example, reacting tetracarboxylic

acid dianhydride and diamine at a low temperature in a polar solvent.



To 600 g of polyam de-imde resin varnish having a nol ecul ar wei ght
of 21 16,500, a solid content of 27% and a viscosity of 3,600 nPa s
(Tradenane: AE2, manufactured by Taoka Chem cal Co., Ltd.), 3 g of
Met hanol was added as a bl ocking agent. The m xture was reacted at
70C for 2 hours to obtain 603 g of pokzanide-inide resi n whose

term nal isocyanate functional group s bl ocked. [00491 It
shoul d be noted that the nol ecular weight of resin of the resin
varni sh was obtai ned by GPC (HLC- 8220GPC, manufactured by TOSCH

Cor por at i ogiolising a 1% by wei ght solution in which the resin varnish
was diluted wwth NMP. As a carrier solvent, a substance in which

Li Br was diss :I.’eﬁﬂpl'eg 0%?3{:%0)3@%%&&@&58}@1({9 u?ak;ﬁg?xe&é]%%hﬁﬁtﬁi ned

pol yam de-im de resin se ter I socyanate function group was

bl ocked and ol yi i de resin. varhish havi | ecul ar,.wei.ght of
550000, aniFast gheeartey Seleci g & dtehlell Bhageitaiesdc: o
manuf act ured by J.%.T., Tradename: Pgre m1l.) were mxed at 25C for 2
hours whi Rearduriduidei(BE D) 3.8pddibenrgphenqns teirasathvxslipapidatianedridene
wei ght ratio of polyam de-imde resin after baking to polyimde resin
(formed bYBERAD Zatd,erbiphemdleyharatiotiaicastiostylivasidatisnhededd (ARDA),r at i o
of the correspondi ng nunerical values indicated in the rows of PAT

and Pl (PAlg Bl4-dgfhehdRh@iohe (JiRMSrbEx/16RR% Afarih§atidb €DRDGNt resin
var ni shes which were different 1n the conpounding ratio of

I 1 degj ' I 1.d i,d . i . 0
(Vesur enbispo R ¢RE00 L BpRR AR R-REAE VI Faf B P NaR e Gl 2L
1) In th wh t [ [ f I i de-imd i
Lo pol yanfto HaRaEIgRE- Rt oy dasisbise i SODANarrgoris i

Example 6), the viscosity of the heat-resistant resin varnish after

m xi ng wadial’éafslmidedP&’EDAé 2:2-Bist 3 pedisArboymieoy)) HRsaBnotdprofanaunber  of
rotations of 12 rpm) to be 6,210 nPa s (Measurenent tenperature:

30C). The ditifigdside\6RD2)) avks-(2,BaliotdietrdhdRsirlyy)- Sl QWIS cpdlPhdx@aki on
(200,000 nPa s), and thus the application was sufficiently perfornmed
at the,V'iﬁ?éﬂBMxmbHQQ%hznﬂwdﬂdénghn contrast, the same .
polyanlde-lnlge resin varni sh and the sane polyimde resin varnish as
t he abovet¥§¥ﬁ used, and simlarly mxed at a weight ratio of 50: 50,
except thg e termnal isocyanate functional group was not bl ocked.
The viscositydégs n§asrred to be 533,000 nPa s and far exceeded the
viscosity al | dwragPiesoF fiabing hispblschegpangipde ab leaph ougmembep selssiedd

t hat even when the viscosity of the varnish is 200,000 nPa s or nore,
appl i cat i frenbpudweslepedsinpine, mypltinylenedipmirel sdicond diamtine Hoatdrer |
since an expensive solvent is used, the cost is increased. Further,
since a dahihofi@psDleViedt athaHe, B, 3sdi NVRIR:- 4 1 hd @ty iRhs hylsalfahs @i on,
hydrol ysis of a polyimde precursor is likely to occur, resulting in
reduced Sﬁ-ﬁ?AIS),tdx 4G(§iahhﬁ0'\'3%' ﬁ&@&roﬁs?hﬁag%rlgl &fb%?»?e,rfﬁ%is

Eq%_solid
content of the varni sh decreasés w ent utlon.4T erefore, it

beconmes difficult t btapn a thick fil t the use of. a film
P ¢ eamingshangRrpinil helphfh brohadl (RICELAHE SHEAETaRiAR ng
rati o of pol anide-iniﬁe resin to pol aTide,acid (geight raLiP was
70: 30 ( cORPOUABIAGPTORYY Sther @I&aﬁﬁllﬂ:hﬁ%}s FRBIDPRIEBED efhest 14npists”
insulating covering nmaterial after m xing was nmeasured using a B-type
vi sconet epmiRopopy Neip@azmenisephafonedizatinent 3ohist2oimpmethd) be 5, 000
nmPa -s (Measurenent tenperature: 300(.7). The viscosity was | ower
than the upfléliexdamd) 8, Pidikbehplidsse akhkhynddaebHekPlrddbanPad,8)mptisdediabl e
for formng an insulating coating filmof an insulated wire, and was

pr ef er abl gisf(%}acg,;ggua%%}), &,4'IdQQ1§§1Iotdﬁ%hengl @ﬁ)er:(ﬂﬂmn&r@ﬁfamihg&%p%@gﬁl as

pol yam de-1 m sin varnish an e same po ylnlde resin va
the abovee%&?mqﬁi)%), g,%qd1ssImnIInIo IpIh%nngI ()e(t%gr,l4]?4'fidigglilgoh(riipﬁl%;[lgrl%uﬁgng Pp"30’

DDS), 3,4-diamino-diphenylsuifone, 3,3"-diamino-diphenylsulfone, 2,4'-



100551 (Production of a heat-resistant resin film The 6 types
of heat-resistant resin varnishes were applied to the outer
circunference of a netal wire (copper wire) having a dianeter of
about 1.0 mm and baked using a baking furnace to obtain

heat -resi stant resin conposites (insulated wires) each having a
heat-resistant resin film (insulated éBating M) with a thickness of
32 to 34 umon the surface. [00561 24 (Flexibility eval uation)

To the obtained heat-resistant resin conposites (insulated wres),
prel i mi nadjarhepdighRaybéther, 18bis-andncp ROUxWEb&rRAR (e TPERNG-bhén a
flexibility test was performed according to a nethod based on JIS

C-3003. E\é‘ﬂh#@ﬁﬂe&g?&ﬂg‘eﬁ%@flg 04 Ry ﬁﬁi’@[@%%ﬁﬁphgﬁ Plertifl AN 2

%.0 nm ci rcul ar cou?tln e nunber ﬁ urhs n
. nafi CT :
teoul s wipaPPhh TR ingshBhofasten Tl netprogorearen B A ng

30 turns). h% results are shown in Table |. [00571 The et al
wires ( coﬂ?pﬁl‘ﬂ' fieraByp hemoxypbeoyk guifere i BAPSht kis 4@ dratophests ant
resin conposites (insulated wires) to obtain tubular films with a
t hi ckness phtn@i? stidodHruB AP®at 4be<di-shanbp iamkn biphars] (BAPB) at, 4 igs(4-
coating filns). [00581 (Eval uation of physical properties of the
heat - r esi %hﬁﬁgpmfdx?)bfeh_&é@ (o-TPE), 49?'-&5%&&@_&%%&%&9@911&1%@ QHB@%, 4l ms,

measur enent and eval uation were perfornmed wt respect to the itens

Fosult s g EREA SR, B e i IERCIT B bollaRia cngi

and Fracture elongation: Each tubular filmwas set in a. tensile

t est er (A@F ,m?‘ééﬁﬂiﬂ%%ﬁfqﬁn‘ﬂlgdi%?’%‘g‘ﬁﬁ%aﬂ?l‘&ﬂe i Aydiagpngtaluegg, 3.5

di stance between chucks being set to 20 nm and pulled at a rate of
10 nm mi ndiaminbhenzoi¢ heid{Dridimyt 6 ahamatcprgdinoM APn 41 #disfminn3ls
broken were neasured. 25 [00601 2. Heat resistance:

Measur enedimatioxpbiphen e HE AR, a, 48 aiThe 3redikanhebiplangl (ZEIAB),
(DVM66100, manufactured by Sei ko Instrunents) in a nitrogen atnosphere
and at a gefmed@LYiRoh REAPARoleal ErPa) IR m nute Then, the softening
tenperature (extrapol ation tenperatur€ at which the dynami c storage
nmodul us diﬁqfﬁses) of each tubular filmresin was eval uated. [00611
EXAMPLES 012 To 600 g of polyam de-imde resin varnish

(Mol ecul ar meg&ht of 22,000, Solid content of 23% Viscosity of 4,300
mPa s) obtain lﬁyr?fs%aczh’lf? Fyteppitetmearbylis acibbansy dride and diarAble ias
added as a bl ocking agent. The m xture was reacted at 70C for 2 hours
t 0 obt ai n a@0Bggnisfsopehny.antxenples oé thesiganrodent ancnda NNIBB dy iat e
functional group was bl ocked. Tubular filns (heat-resistant resin
filns, indamathylfreeatidedNN-dimtheRtahRyaad dinetHie sGHEIoRNREs as
in Exanples 1 to 6, except using the polyan de-imde resin whose
termnal i § : ed
and cval U o T o e e B Py A e R LR

[00621 resin to be synthesized.

[0022]

In general, polyimide resin produced by equimolar reaction of PMDA
and DDE in NM2P is the most inexpensive and user-friendly, and thus is
widely used. Polyamide acid having a number average molecular weight of
30,000 or more is preferable. As such polyamide acid, it is also possible to use

commercially-available polyamide acid varnish (e.g., Tradename: Pyre ML and



EXAMPLES 13 to 18 To 600 g of polyam de-im de resin varnish
(Mol ecul ar wei ght of 5,500, Solid content of 30% obtained by
reacting TMA and MDI in NM2P, 3 g of nethanol was added as a bl ocki ng
agent. The m xture was reacted at 70C for 2 hours to obtain 603 g of
pol yani de-imi de resin whose terninal isocyanate 26 functional group
was bl ocked. Tubular films (heat-residtant resin films, insulating
coating filns) were produced in the sane manner as in Exanples lto
6, except using the polyam de-inide resin whose term nal isocyanate

f unct i onathegiilos)poavasfabheekddl.S9Nd t hen nmeasured and eval uated for the
same itens. The results are shown in. Table Il1l. [00631 Conparative
Exanpl es fypaap 2 Tubular filns (heat-resistant resin filns,
insulating filns) were produced in the same nanner as in Exanples 1

to 6 using onl e t he sa e-i.mde.res

(Compar at Pve. BPARBMERyoRTaph Eos vaeh b Hkrerend Gt per
(Conparative Exanple 2) as that used in Exanples 1 to 6, and were
measur ed efiEP@inGeERNtEARAY he adderbas raswatedThAsa exameie thenephr il s
are referred to as Conparative Exanples 1 and 2 and the neasurenent
and eval uhthrizants suth as pblyetoflerns; @ dhbmacs myroviens, Babh as la. copplifig 1
Conparative Exanple 3 A tubular film (heat-resistant resin film

i nsul at i Nggdritt MetiPeendh EMEREA dLBok, %mm&@ﬁesa@mmeﬁ&ﬁmhﬁ%lﬂerg 0
6 using the same polyarnide-imde resin as that used in Exanples 7 to

12 with ugfl %1‘% rB8£¥>iéde§tcr %§%_%e%qgga§h and was neasured and

eval uat ed € sane Ined tubular filmis referred
to as Cbnﬁgpg%lve Exanple 3 and the eval uation and neasur enent
results t f are also shown in Table Il. [00651 27 Conparative
Exampl e 4 Tubular filns (heat-resistant resin filnms, insulating
films) were pridwueredentninypretiomhes mivatare auch thaﬁmlvpilnelﬁeim@ BsUsi ng
the sane polyam de-imde resin as that used in Exanples 13 to 18 with
usi ng no pblbyé targdanskbisoey anataiigieiioanidgnsap hagbash pesteasud @vbbloske f or
the sanme itens. The neasurenent and evaluation results are al so shown

in Tabl e hdh a bRRBRIG ARk & hided. F¥herlpolyamide acid (a polyimide resin
varnish or the like) and polyamide-imide resin are simply mixed without
blocking, a mixture is thickened. In particular, when the amount of
polyamide acid reaches 20% by weight or more based on the total resin amount
(total of polyamide acid and polyamide-imide resin), the viscosity of the
mixture remarkably increases, resulting in difficulty of covering application.
In contrast, the blocking treatment is performed, reaction of a polyimide resin
varnish (polyamide acid) and polyamide-imide resin is suppressed, and thus
increase in viscosity due to the mixing can be prevented.
[0025]

Blocking the terminal isocyanate functional group of polyamide-imide

resin with a blocking agent has been proposed also in Japanese Unexamined

Patent Application Publication No. 6-65540. However, Japanese Unexamined



Ex. 2 Ex. 3 Ex. 4 Ex. 5 Ex. 6 Conmp. Ex. 1 Conmp. Ex. 2 PAT 95 90 80 70
60 50 100 PI 5 10 20
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Patent Application Publication No. 6-65540 proposes the blocking treatment as
a measure to improve the lubricity of the surface of an insulated wire and the
blocking target is a polymer having a polysiloxane functional group. This is
different from the means for solving the problems of the present invention.
(00261

As a blocking agent, alcohols and phenols can be mentioned. Examples
of alcohols include methanol, ethanol, propanol, butanol, methyl cellosclve,
ethyl cellosolve, methyl carbitol, benzyl aleohol, and cyclohexanol. Examples
of phenols include phenol, cresol, and xylenol. From the viewpoint of physical
properties of a cured product after varnish baking, e.g., mechanical properties,
such as toughness, alcohols are preferable.

[0027]

When polyamide-imide resin and a blocking agent of given amounts are
stirred at about 70°C for about 2 hours, for example, polyamide-imide resin
whose terminal isocyanate functional group has been blocked with a blocking
agent can be obtained.

[0028]

The heat-resistant resin varnish of the present invention can be
obtained by mixing the polyamide-imide resin whose terminal isocyanate
funectional group has been blocked with a blocking agent obtained described
above and polyamide acid. The mixing method is not limited, and the mixing
can be performed in a routine manner. As described above, increase in

viscosity due to mixing is suppressed. Moreover, the heat-resistant resin



30 40 50 100 Metal wire diameter (mm 1.015 1.015 1.015 1.014 1.014
1.012 1.016 1.015 Finished outer dianeter (nmm 1.079 1.079 1.083
1.082 1.081 1.076 1.082
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varnish of the present invention provides a cured product having excellent,
toughness. When the compounding ratio of polyamide acid is 50% by weight
or more, the obtained cured product exhibits toughness equivalent to that of a
cured product obtained from an expensive polyimide resin varnish. Also
when the compounding ratio of polyamide acid is lower than 50% by weight,
the cured product obtained from the heat-resistant resin varnish of the present
invention exhibits favorable toughness which far exceeds an expected value of
toughness obtained by proportionally dividing the toughness of a cured
product obtained from a polyimide resin varnish and the toughness of a cured
product obtained from a varnish of only polyamide-imide resin based on the
compounding ratio.

[0029]

With respect to the compounding ratio of the polyamide-imide resin
whose terminal isocyanate functional group has been blocked with a blocking
agent to polyamide acid, the content of polyamide acid is preferably 5 to 50%
by weight relative to the total content thereof (Claim 3).

[0030]

When the compounding ratio of polyamide acid is lower than 5% by
weight, there is tendency that the toughness of the obtained cured product of
the heat-resistant resin varnish becomes insufficient. In contrast, even when
the compounding ratio becomes larger than 50% by weight, further
improvement in toughness is not recognized, and a material cost increases

thereagainst.



1. 077 Heat-resistance filmthickness 32.0 32.0 34.0 34.0 33.5 32.0

33.0 31.0
0/ 30

0% el ongati on 10% el ongati on 20% el ongati on 30% el ongati on
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[0031]

1t is preferable that the viscosity of the heat-resistant resin varnish of
the present invention containing polyamide-imide resin and polyamide acid be
200,000 mPa s or lower (30°C, B-type viscometer) (Claim 4). When the
viscosity exceeds 200,000 mPa s, uniform covering apphecation to a substrate
becomes difficult. Or, solvent dilution is required for realization of uniform
application, resulting in increased cost. Moreover, since a solvent, such as
NM2P, has high moisture absorption, hydrolysis of a polyimide precursor is
likely to occur, resulting in that the stability of a varnish decreases. In
addition, since the solid content of a varnish decreases due to solvent dilution,
it becomes difficult to obtain a thick film. Thus, such a viscosity is not
preferable. More preferable viscosity is within the range of from 1,000 to
100,000 mPa s.

[0032)

In particular, when the heat-resistant resin varnish is used for forming
an insulating coating film of an insulated wire, the viscosity thereof is
preferably 10,000 mPa s or lower. When the viscosity exceeds 10,000 mPa s,
uniform covering application to a wire sometimes become difficult. When the
heat-resistant resin varnish is used for forming an insulating coating film, a
still more preferable viscosity is within the range of from 1,000 to 7,000 mPa s.
[0033]

In addition to the heat-resistant resin varnish, the present invention

provides a heat-resistant resin film containing a cured product in which the



0/ 30 0/30 0/30 1130 CY30 0/30 0/30 0/30 0/30 0/30 0/ 30 0/ 30

0/ 30

(Y30
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heat-resistant resin varnish has been baked and is in the form of a film or tube
(Claim 5).
[0034]

The baking treatment of a heat-resistant resin varnish is performed by,
for example, applying the heat-resistant resin varnish to a substrate to form a
coating film on the substrate, and then heating the coating film to cure the
heat-resistant resin varnish. A cured product is obtained by the baking
treatment. During the process, polyamide acid is thermally imidized to form
an imide ring. Thus, the baking treatment temperature is a temperature
higher than a temperature required for the formation of an imide ring. The
application and baking of the heat-resistant resin varnish to a substrate can
be performed in a routine manner. The application and baking of the heat-
resistant resin varnish may be repeated by twice or more.
[o0351

Examples of the substrate used here include metal substrates, such as a
metal bar, a metal wire, and a metal plate, a plastic sheet, a plastic bar, and a
glass plate. When the heat-resistant resin film of the present invention is
formed on a substrate, the heat-resistant resin film can be separated from the
substrate for use. In contrast, the heat-resistant resin film can be used while
being joined to and integrated with the substrate or the heat-resistant resin
film can be integrated with another substrate after separation. In the above
cases, a heat-resistant resin composite having a substrate and a heat-resistant

resin film is obtained. The present invention also provides such a heat-



0,30 4130 (130 (Y30 0/30 0/30 (1/30 1130 1130 12330 0/30 (Film
physi cal properties) Thus& strength (MPa) 149 150 165 180 175
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resistant resin composite (Claim 6).
{0036]

The form of the heat-resistant resin film of the present invention is not
limited to a film (plate-shaped), and a tube-shaped (tubular) film is also
mentioned as the heat-resistant resin film of the present invention. For
example, a heat-resistant resin film formed by applying the heat-resistant
resin varnish of the present invention to a metal bar, a metal wire, a plastic
bar, etc., has a tubular shape.

[0037]

The cured product obtained by the heat-resistant resin varnish is
excellent in heat resistance and also has excellent strength and elongation, i.e.,
toughness. Thus, the heat-resistant resin film of the present invention
containing a cured product obtained from the heat-resistant resin varnish is
also excellent in heat resistance and alsc has high strength and elongation, i.e.,
excellent toughness; shows excellent mechanical properties in which breakage
or the like by driving is suppressed; and is preferably used for driving units,
insulating coating films, ete., of various electrical apparatuses.

[0038]

The present invention further provides an insulated wire having an
insulating coating film formed using the above-described heat-resistant resin
varnish.

More specifically, the insulated wire of the present invention is an

insulated wire having a wire and an insulating coating film covering the
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surface of the wire.

The insulating coating film has a feature of containing at least one
insulating layer formed by applying the heat-resistant resin varnish according
to any one of claims 1 to 4 to the wire directly or through an insulating layer
containing another insulating covering material, and baking the resultant
(Claim 7).

[0039]

The insulated wire of the present invention is obtained by applying the
heat-resistant resin varnish (insulating covering material) to the wire, and
baking the resultant. The baking treatment can be performed under the
same conditions as in the case where the above-described heat-resistant resin
film is produced.

[0040]

As the wire, a copper wire containing pure copper or copper alloy is
mentioned. A wire containing another metal material, such as a silver wire,
and various metal plated wires, such as a tin plated wire, are also mentioned
as the wire. Examples of the cross sectional shape of the wire include a
circular wire, a rectangular wire, a hexagonal wire, and the cross sectional
shape thereof is not limited. In order to increase the space factor, a hexagonal
wire whose cross sectional shape is hexagonal and a rectangular wire whose
cross sectional shape is rectangular are preferable (Claim 8).

[0041]

The above-described heat-resistant resin varnish may be directly applied
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to the wire. In the case where the insulating coating film contains a plurality
of insulating layers, the above-described heat-resistant resin varnish may be
applied to another insulating layer formed on the wire, i.e., an insulating layer
formed of an insulating material other than the above-described heat-resistant
resin varnish, Moreover, an insulating layer formed of another insulating
material can be provided on the insulating layer formed of the above-described
heat-resistant resin varnish. After the application, baking is performed to
cure the heat-resistant resin varnish, whereby an insulating layer is formed.
{0042]

The insulating coating film of the insulated wire thus obtained is
excellent in heat resistance and has high strength and high elongation, i.e.,
excellent toughness. A wire having the insulating coating film is prevented
from breakage or the like of the coating film during processing of the wire, and
thus is preferable. Excellent effects are exhibited when the cross section is
processed into the shape of a hexagon or a rectangle, a coil is subjected to press
processing, or the number of the insulated wires inserted into a slot of a stator

core is increased.

Advantages
[0043]

The heat-resistant resin varnish of the present invention is low in price,
and a cured product obtained by subjecting the varnish to high temperature

imidization has strength and elongation comparable to polyimide resin, i.e.,

2
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excellent toughness. Moreover, the heat-resistant resin varnish is easy to
apply (form a heat-resistant resin film) because the varnish is free from a
problem with increase in viscosity.

[0044]

Since the heat-resistant resin film of the present invention has excellent
strength and excellent elongation, i.e., high toughness, breakage or the like
due to driving is suppressed. Thus, the heat-resistant resin film is preferably
used for driving units, insulating coating films, etc., of various electrical
apparatuses by itself in addition to as a component of the heat-resistant resin
composite of the present invention.

(0045]

Since the insulated wire of the present invention has an insulating
coating film excellent in heat resistance and toughness, breakage or the like of
the insulating coating film is difficult to occur during processing of an
insulated wire, e.g., the cross sectional shape is formed into the shape of a
hexagon or a rectangle, a coil 1s subjected to press processing, or the number of

insulated wires inserted into a slot of a stator core 1s increased.

Brief Description of Drawings
[0046]

[Fig. 1] Figure 1 is a graph illustrating the relationship between the
compounding ratio of polyamide acid and tensile strength in Examples 1 to 6

and Comparative Examples 1 and 2.
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[Fig. 2] Figure 2 is a graph illustrating the relationship between the
compounding ratio of polyamide acid and fracture elongation in Examples 1 to
6 and Comparative Examples 1 and 2.

[Fig. 3] Figure 3 is a graph illustrating the relationship between the
compounding ratio of polyamide acid and tensile strength in Examples 7 to 12
and Comparative Examples 2 and 3.

[Fig. 4] Figure 4 is a graph illustrating the relationship between the
compounding ratio of polyamide acid and fracture elongation in Examples 7 to
12 and Comparative Examples 2 and 3.

[Fig. 5] Figure 5 is a schematic view illustrating a sea-island structure of

a resin composite obtained by the present invention.

Best Modes for Carrying Out the Invention
[0047]

Hereinafter, best modes for carrying out the present invention will be
described with reference to the following Examples, but the scope of the

present invention is not limited to only the following Examples.

Examples
[0048]
EXAMPLES 1to 6
{(Production of a heat-resistant resin varnish)

To 600 g of polyamide-imide resin varnish having a molecular weight of
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16,500, a solid content of 27%, and a viscosity of 3,600 mPa s (Tradename: AE2,
manufactured by Tacka Chemical Co., Ltd.), 3 g of Methanol was added as a
blocking agent. The mixture was reacted at 70°C for 2 hours to obtain 603 g
of polyamide-imide resin whose terminal isocyanate functional group was
blocked.

[0049]

It should be noted that the molecular weight of resin of the resin varnish
was obtained by GPC (HLC-8220GPC, manufactured by TOSOH Corporation)
using a 1% by weight solution in which the resin varnish was diluted with
NMZ2P. As a carrier solvent, a substance in which LiBr was dissolved in
NMZP was used.

[0050]

The thus-obtained polyamide-imide resin whose terminal isocyanate
functional group was blocked and a polyimide resin varnish having a
molecular weight of 35,000 and a viscosity of 4,200 mPa s (varnish of
polyamide acid manufactured by 1.5.T., Tradename: Pyre m.l.) were mixed at
25°C for 2 hours while adjusting a compounding ratio in such a manner that
the weight ratio of polyamide-imide resin after baking to polyimide resin
(formed by cyclization of polyamide acid)} was equivalent to a ratio of the
corresponding numerical values indicated in the rows of PAI and PI (PAL:PI) of
Table I. Thus, 6 types of heat-resistant resin varnishes which were different
in the compounding ratio of polyamide-imide resin to polyamide acid were

obtained.
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[0051]
{Measurement of the viscosity of a heat-resistant resin varnish)

{1) In the case where the compounding ratio of polyamide-imide resin
to polyamide acid (weight ratio) was 50:50 (compounding ratio of Example 6),
the viscosity of the heat-resistant resin varnish after mixing was measured
using a B-type viscometer (Rotor No. 3, number of rotations of 12 rpm) to be
6,210 mPa s (Measurement temperature: 30°C), The viscosity vfas lower than
the viscosity allowing application (200,000 mPa ), and thus the application
was sufficiently performed at the viscosity.

[0052]

(2) In contrast, the same polyamide-imide resin varnish and the same
polyimide resin varnish as the above were used, and similarly mixed at a
weight ratio of 50:50, except that the terminal isocyanate functional group was
not blocked. The viscosity was measured to be 533,000 mPa s and far
exceeded the viscosity allowing application (200,000 mPa s). It should be
noted that even when the viscosity of the varnish is 200,000 mPa s or more,
application becomes possible by diluting with a solvent, However, since an
expensive solvent is used, the cost is increased. Further, since a diluting
solvent, such as NM2P, has high moisture absorption, hydrolysis of a
polyimide precursor is likely to occur, resulting in reduced stability of the
varnish. In addition thereto, the solid content of the varnish decreases with
solvent dilution. Therefore, it becomes difficult to obtain a thick film, and

thus the use of a film is limited.
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[0053]

(3) In the case where the compounding ratio of polyamide-imide resin to
polyamide acid (weight ratio) was 70:30 (compounding ratio of Example 4), the
viscosity of an insulating covering material after mixing was measured using a
B-type viscometer (Rotor No. 3, number of rotations of 12 rpm) to be 5,000
mPa s (Measurement temperature: 30°C). The viscosity was lower than the
upper limit of the viscosity range (10,000 mPa ) preferable for forming an
insulating coating film of an insulated wire, and was preferable for application.
[0054]

(4) In contrast, the same polyamide-imide resin varnish and the same
polyimide resin varnish as the above were used, and simlarly mixed in a
weight ratio of 70:30, except that the terminal isocyanate functional group was
not blocked. The viscosity was measured to be 23,000 mPa s and far exceeded
the upper limit of the viscosity range (10,000 mPa s) preferable for forming an
insulating coating film.

[0055]
(Production of a heat-resistant resin film)

The 6 types of heat-resistant resin varnishes were applied to the outer
circumference of a metal wire {copper wire) having a diameter of about 1.0 mum,
and baked using a baking furnace to obtain heat-resistant resin coraposites
(insulated wires) each having a heat-resistant resin film {(insulated coating
film) with a thickness of 32 to 34 um on the surface.

f0056]
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(Flexibility evaluation)

To the obtained heat-resistant resin composites (insulated wires),
preliminary tensions of 0, 10, 20, and 30% were applied, and then a flexibility
test was performed according to a method based on JIS C-3003. Evaluation
was performed by winding 30 turns of wire around a 1.0 mm circular bar, and
counting the number of turns in which fracture of a film {coating film) oceurred.
Then, the evaluation results were indicated as 1/30 (fracture occurring in n
turns among 30 turns). The results are shown in Table .

[0057]

The metal wires {(copper wires) were removed from the cbtained heat-
resistant resin composites (insulated wires) to obtain tubular films with a
thickness of 32 to 34 pm (heat-resistant resin films, insulating coating films).
[0058]

(Evaluation of physical properties of the heat-resistant resin films)

Using the obtained tubular films, measurement and evaluation were
performed with respect to the items shown in Table I and according to the
method described below. The results are also shown in Table L.

[0059]

1. Tensile strength and Fracture clongation: Each tubular film was set
in a tensile tester (AG-IS, manufactured by Shimadzu Corporation), while the
distance between chucks being set to 20 mm, and pulled at a rate of 10
mm/minute. Then, the strength and elongation when the film was broken

were measured.
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foos0]

2. Heat resistance: Measurement was performed using a dynamic
mechanical analyzer (DMS6100, manufactured hy Seiko Instruments) in a
nitrogen atmosphere and at a temperature increase rate of 10°C/minute.
Then, the softening temperature (extrapolation temperature at which the
dynamic storage modulus decreases) of each tubular film resin was evaluated.
[0061]

EXAMPLES 7 to 12

To 600 g of polyamide-imide resin varnish (Molecular weight of 22,000,
Solid content of 23%, Viscosity of 4,300 mPa 's) obtained by reacting TMA and
MDI in NM2P, 3 g of methanol was added as a blocking agent. The mixture
was reacted at 70°C for 2 hours to obtain 603 g of polyamide-imide resin whose
terminal isocyanate functional group was blocked. Tubular films (heat-
resistant resin films, insulating coating films) were produced in the same
manner as in Examples 1 to 6, except using the polyamide-imide resin whose
terminal isocyanate functional group was blocked, and then measured and
evaluated for the same items. The results are shown in Table II.

[0062]
EXAMPLES 13 to 18

To 600 g of polyamide-imide resin varnish (Molecular weight of 5,500,
Solid content of 30%) obtained by reacting TMA and MDI in NM2P, 3 g of
methanol was added as a blocking agent. The mixture was reacted at 70°C

for 2 hours to obtain 608 g of polyamide-imide resin whose terminal isocyanate
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functional group was blocked. Tubular films (heat-resistant resin films,
insulating coating films) were produced in the same manner as in Examples 1
to 6, except using the polyamide-imide resin whose terminal isocyanate
funetional group was blocked, and then measured and evaluated for the same
items. The results are shown in Table III.
[0063]
Comparative Examples 1 and 2

Tubular films (heat-resistant resin films, insulating films) were
produced in the same manner as in Examples 1 to 6 using only either one of
the same polyamide-imide resin (Comparative Example 1) or the same
polyimide resin varnish (Comparative Example 2) as that used in Examples 1
to 6, and were measured and evaluated for the same items. The obtained
tubular films are referred to as Comparative Examples 1 and 2 and the
measurement and evaluation results thereof are also shown in Table 1.
[0064]
Comparative Example 3

A tubular film (heat-resistant resin film, insulating film) was produced
in the same manner as in Examples 1 to 6 using the same polyamide-imide
resin as that used in Examples 7 to 12 with using no polyimide resin varnish,
and was measured and evaluated for the same items. The obtained tubular
film 19 referred to as Comparative Example 3 and the evaluation and
measurement results thereof are also shown in Table II.

[0065)
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Comparative Example 4
Tubular films (heat-resistant resin films, insulating films) were
produced in the same manner as in Examples 1 to 6 using the same

polyamide-imide resin as that used in Examples 13 to 18 with using no

polyimide resin varnish, and were measured and evaluated for the same items.

The measurement and evaluation results are also shown in Table III.

[0066] [Table I]

Comp. Comp
Ex. 1 Ex.2 Ex. 3 Bx. 4 Ex.5 Bx 6
. Ex.1 Bx.2
PAI % % 80 70 &0 50 100
Pl 5 10 2 30 40 50 100
gzﬁt‘:ﬁmm) 1015 | 1015 1015 | 1014 | 1014 | 1012 | 1016 | 1015
I} 'nm:;dr?;ﬁ) 1079 1079 1083 1.082 1081 1076 1.082 1077
Heat-resistance
film thickness 320 320 340 30 335 320 330 310
() ) o N
0%| 030 30 020 30 030 ¥30 ¥30 030
elongation |---——- - —_
3 10%) o /30 0730 30 030 /30 30 ¥30
g elongation L
< 20%
E|  clongation| 0% 30 30 30 030 V30 430 30
e 30% ‘ ~ —
e elongation! V30 /30 030 /30 30 /30 12730 V30
(Filrm physical properties)
Tensile strength B
(MPa) 149 150 165 180 175 190 140 190
Fracture
elongation (%) 75 76 |._80 93 | 100 110 57 115
Heat resistance
ta 292 291 291 292 | 292 | 203 | 286 343
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[0067] Table 11
' ‘ ) ( Comp. | Comp. ]
Bx. 7 1 Ex. 8 Ex. 9 Ex.10 | Ex.11 | Ex. 12 Ex.2 Fx 3
PAI
9% 90 &80 70 G0 50 100
I
5 10 20 30 40 50 100
| Metal wire 1017 “ kzglié 1016 1;);ém 1014 1014 1015 1015
| diameter (mm) " ; . : ’ ) ' ’
Finished outer
diameter (am) 1083 108 1081 1084 1078 1078 1077 1078
Heat-resistance
film thickness 330 320 325 340 320 320 310 315
(pm)
0%
clongation| 030 | 080 | o080 | wx | o | oo | o3 | o8
10%
’c%‘ elongation V30 030 /30 30 36 030 030 0730
:é 20%
z 910“533%‘;{1 030 030 30 /30 /30 0/30 30 230
':% clongation N
=) /30 030 (/30 030 30 030 30 4730
{Film physical preperties)
Tensile strength
(MPa) 140 | 150 | 170 | 172 | 174 | 176 | 190 | 137
Fracture
elongation (%) 70 78 100 | 105 107 110 115 60
Heat resistance
Q) 288 288 290 289 288 290 343 280
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[0068] Table II1

- Comp. | Comp.
Ex.13 | BEx.14 | Ex. 16 | Fx. 16 | Ex. 17 | Ex. 18 Ex. 2 x4
PAT 95 90 80 70 60 80 : 100
Pl 5 10 20 30 40 50 100
Metal wite | | ‘
. 1022 1.023 1.020 1020 1.022 1015 1.015 1.022
diameter (mm)
Finished outer ,
Viameter (mm) 1.080 LO8s 1.086 1036 1.087 1077 1077 1.088
Heat-resistance
film thiclkness M0 325 330 33.0 325 310 310 330
{um)
0%
alongation /30 o730 V30 30 30 30 v30 30
10%
=] clongation| (30 O30 030 030 30 /30 30 030
5 20%
Z| cretonl gm0 | 4m0 30 | 20 | U0 | 030 @ 030 | 530
@ elongation
oy 16730 14/30 4/30 230 130 1/30 O30 Y30
(Film physical properties)
Tensile strength
(MPa) 140 149 155 154 165 170 190 132
Fracture B o i
Heat resistan
co e g2 | 9 | 298 | 80 | 29 | 24 | 343 | %8
(ooss]

It should be noted that, in Table 1, I, and I1I, PAT represents polyamide-
imide resin and PI illustrates polyimide resin.
[0070]

Tables I and II show the results when polyamide-imide resin having a

molecular weight of 10,000 or more was used (Examples and Comparative
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Examples). As is clear from Tables I and II, the heat-resistant resin film
(insulating coating film) obtained in each Example is excellent in heat
resistance and flexibility as compared with the heat-resistant resin films
(insulating coating films) obtained using only polyamide-imide resin of
Comparative Examples 1 and 3. Moreover, tensile strength and/or fracture
elongation arefis excellent, and toughness is also excellent.

[0071]

Table 3 shows the results of Examples (and Comparative Examples)
when polyamide-imide resin having a molecular weight lower than 10,000 was
used. Asis clear from the comparison between the results of Table III and the
results shown in Tables I and II, when polyamide-imide resin having a
molecular weight lower than 10,000 was used, toughness, especially fracture
elongation, is low as compared with the case where polyamide-imide resin
having a molecular weight of 10,000 or more was used. This shows that the
molecular weight of polyamide-imide resin is preferably 10,000 or more.
[0072]

However, even in the case where polyamide-imide resin having a
molecular weight lower than 10,000 was used, the heat-resistant resin film
(insulating coating film) obtained in each Example is excellent in tensile
strength and/or fracture elongation, and thus is excellent in toughness, as
compared with the heat-resistant resin film (insulating coating film) obtained
using only polyamide-imide resin of Comparative Example 4. Moreover, also

in flexibility, the heat-resistant resin film obtained in each Example is more
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It should be noted that, in Table I, Il, and Il1, PAT represents
pol yam deim de resin and Pl illustrates polyimde resin. [0070)
Tables | and Il show the results when pol yam de-i m de resin having a

nol ecul ar wei ght of 10,000 or nore § used (Exanpl es and Conparati ve
30 Exanples). As is clear from Tabl es } and 1, the heat-resistant
resin film(insulating coating film obtained in each Exanple is
excellent in heat resistance and flexibility as conpared with the
heat - r esi &tcaHent astampareddo thaeadearherg codapbolmgmiidd-imsddeoiosiai wasdusesi, ng
only pol yam de-imde resin of Conparative Exanples 1 and 3 Moreover,
tensil e stspedally vebrd the dropsttibneofeloyigaide lRidfpelyiti@X talih efinisind

t oughness is al so excellent. [00711 Tabl e 3 shows the results
of Exanpl 8568805 HFRAL Ehtve Exanpl es) when pol yani de-inide resin
havi ng a nol ecul ar wei ght | ower than 10,000 was used. As is clear
fromthe t@gﬁgrl son between the results of Table Ill and the results
shown in and |11, when polyam de-imde resin having a

mol ecul ar wei ght | ower than 10, 000 was used, toughness, especially
fracture el on%ﬁﬂsﬁéﬁn the reutsashoprisafaidesil and {héhe selatighehip between

pol yam de-i m de resin having a nol ecul ar wei ght of 10,000 or nore was
used. Thi thestvavunldarig tdieo ofjobyathile avkl ﬁi@lyiﬁ:fid@ﬁésymnhﬂﬁslh)nhdé téreglen
is preferably 10,000 or nore. [00721 However, even in the case

wher e pol ytagh & dritisl@ureSbRgdbaon ﬁ%h%wmh@qgé af ton'" q*ixtFﬂgQV\ﬂo 4,hap
10, 000 was used, the heat-resistant resin (i nsul ati ng coating

film Oth)!: P%@lab%ﬂ&%qja F@é@ﬁ%‘ 8 ?ﬂl é%%lcﬂngg%lg]lol yalgzﬁg e(nx%lcatgd

and/ or fracture onga 1 on,

conpared W th e heat-res st resipn film (| nsul ating coat| ng film
obt ai ned %%i” %ﬁgm 5%@? e qand g gt TSPl PP IRSCRIEARBPIE 4.

Mor eover, also in fI exibility, the heat-resistant resin film obtained
in each Es(taﬁxwt&a ({UnitiddBa) or fracture elongation (%),

[0074]

As shown in Figs. 1 to 4, when about 50% by weight of polyamide acid is
blended, excellent tensile strength and fracture elongation can be obtained
which are comparable, in terms of values, to those obtained when polyamide
acid only was used (100% by weight: Comparative Example 1), Also when the
proportion of polyamide acid is 50% by weight or lower, favorable values far
exceeding expected values (indicatod by the dotted line in figures) obtained by
proportional division based on the compounding ratio are observed.

[0075]

When the obtained heat-resistant resin films are analyzed using
scanning probe microscopy, a sea-island structure is confirmed. Itis
presumed that, by the sea-island structure, an effect of increasing toughness

achieved by the present invention is demonstrated. The sea-island structure



31 excellent as conpared to the case where only pol yam de-im de resin
was used, especially when the proportion of polyam de acid (polyimde
resin varni sh) exceeds 20% by wei ght. [00731 Based on the
results shown in Tables | and |11, the relationship between the
conmpoundi ng ratio of polyam de acid (gglyimnde resin varnish), and
tensile strength or fracture elongation is shown in Figs. 1 to 4. In
Figs. 1 to 4, the axis of abscissa represents the conpounding ratio
of pol yam, de acid findicated as P1 (% by weight) in the figures), and
the axis H?SBWH}Hh ¥ Pepresents tensile strength (Unit: MPa) or
fracture elongation (% . 100741 As shown in Figs. 1 to 4, when
about 50%B76hei ght of pol yamide acid is bl ended, excellent tensile
strength and fracture el ongation can be obtai ned which are
conpar abl e, i NMbes FeciicaVig! AeiSlustratddRSEig0b] RN pebswhayd that varthdeindei d
only was used (100% by wei ght: Conparative Exanple 1). Al so when the
proportio } b.d.d 9 L.aht: bl e
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val ues far excgealng expe al ues I cate line in

figures) ohtained b roportional . division based on .the.c oundi ng
et o at o TOHCB FYSEESop BB CIOHEAt iAo ANGHE (GBLPAde AOAR] PBSFS kAN
resin filnme are anal yzed using_ scanni ng probe.nic[osc%py, a

sea- i s| anavhiek pelyamdde-imidsnis iricke dempnstirates rersimorcing affecthyhidhe
sea-island structure, an effect of increasing toughness achi eved by

t he presemhcreaseantngie étseighonstrat ed. The sea-island structure 32
is showmn in Fig. 5. [0076] More specifically, as illustrated in
Fig. 5 it is presuned that, at the tinme of elongation, the sea phase
(in which polyimde is rich) sharply deforns, which increases
fracture elongation, and, in contrast, the island phase (in which

pol yam de-imde is rich) denonstrates a reinforcing effect, which

i ncreases tensile strength. 33 CLAIM 1. A heat-resistant resin
var ni sh, conpri sing: pol yam de-im de resin whose tern na

i socyanate functional group is blocked wth a bl ocking agent, and
pol yam de aci d. 2. The heat-resistant resin varnish according to
claim1l1, wherein the nunber average nol ecul ar wei ght of the

pol yam de-im de resin is 10,000 or nore. 3. The heat-resistant

resin varnish according to claiml or 2, wherein the content of the
polyam de-imde resin is 5 to 50% by weight relative to the tota
content of the polyam de-imde resin and the pol yam de aci d.



4. The heat-resistant resin varnish according to any one of clains 1
to 3, wherein the viscosity at 30C is 200,000 nPa s or |ower. 5. A
heat -resistant resin film conprising a cured product in which
the heat-resistant resin varnish according to any one of clains 1 to
4 has been baked, the filmbeing in thg formof a filmor a tube.

6. A heat-resistant resin conposite, conprising: 34 a substrate: and
the heat-resistant resin filmaccording to claimb5. 7. An
insulated wire, conprising: a wre, ﬂ%ﬁ: insulating coating film
covering the surface of the wire, C e insulating coating film
containing at | east one insulating |ayer fornmed by applying the
heat - r esi st ant Arhegt-mesisteni sésinceonidhngnmisng: one of claims 1 to 4 to
the wire directly or through an insulating |ayer containing another

i nsul ating coapélpgmidd-imidetresinal hosatdr akd] Rehch B@ate FaHEERM group & The
insulated wire according to claim7, wherein the cross sectional

shape of tﬂ?@ck‘é@vﬁtﬁﬁbﬁb&%@%’é}&l anfape or a rectangul ar shape.

polyamide acid.

2. The heat-resistant resin varnish according to claim 1, wherein the
number average molecular weight of the polyamide-imide resin is 10,000 or

more.

3. The heat-resistant resin varnish according to claim 1 or 2, wherein the
content of the polyamide-imide resin is 5 to 50% by weight relative to the total

content of the polyamide-imide resin and the polyamide acid.

4. The heat-resistant resin varnish according to any one of claims 1 to 3,

wherein the viscosity at 30°C is 200,000 mPa s or lower.

5. A heat-resistant resin film,
comprising a cured product in which the heat-resistant resin varnish
according to any one of claims 1 to 4 has been baked,

the film being in the form of a film or a tube.

6. Aheat-resistant resin composite, comprising:



34

a substrate: and

the heat-resistant resin film according to claim 5.

7. Aninsulated wire, comprising:
a wire, and
an insulating coating film covering the surface of the wire,
the insulating coating film containing at least one insulating layer
formed by applying the heat-resistant resin varnish according to any one of
claims 1 to 4 to the wire directly or through an insulating layer containing

another insulating coating film material, and baking the resultant.

8. The insulated wire according to claim 7, wherein the cross sectional

shape of the wire is a hexagonal shape or a rectangular shape.



