DESCRI PTI ON TI TLE OF | NVENTI ON: | NSULATI NG POLYMER MATERI AL COVPCSI TI ON
TECHNI CAL FI ELD 5[ 0001] This invention relates to an insulating polyner
mat eri al conposition which is used, for exanple, for an insulating
constitution of a voltage equi pnment (for exanple, a high voltage equi prent
such as a heavy electric equipnent or tHe Iike) equipped with a switching
equi pnent such as a circuit breaker, a disconnecting switch or the like in
10a casing. [0002] As one to be amse}iﬂ(ﬁﬁ gxanpl e, applied upon being
directly exposed to the outdoor) for an |nsJ?ating constitution (for
exanpl e, d'ISHCEiIOR INYENTHQN:NMNSBLADINGOPOLY B RM AT NRIAZQe equi pnent
(a heavy el ectric e(iui pnment or the |ike) equipped with a switching

equi pnent QOMRASALION rcuit breaker, a disconnecti ng switch or the like

in a casi i | &t pol ymer material conposition (referred

her ei naftﬁ?gﬂﬁw\ﬁtﬁﬁ@@% conposition) which is, for exanple, in the
form of a[9peelatit TRYEnEaAH 09 :RS e9UG ; g fh&Eedig)as an

i nsul ati ng proguctl) congtgﬁ%ut e% o% t he }I}iﬁf&gﬂ{% O(%%%gslﬁgl[%%génd formed by
casting arofpdsitivhawhich iateedafohagsabgdn, éonyanhisonating e@dansiveh B f
known. The insulating polyner material conposition is obtained by heating
and har deri Yi¢f tp galeiagp irmeear seasipleala Bigs spitadeng)uithsenhsukchtdng

i al ich i btained b i tably mi xi : f h
o b aentig T uReORE Rt s L AT T SR B P ek ae 25° ¢
silica, ale'dmi]ﬂﬁﬁe@ﬁdsﬁd]ﬁaé k&) c gt el oyl 5%\@&6&@&1&1@%@%% AN

conponent such as epoxy resin (referred hereafter to as fossil-derive
epoxyl® esiandasongt he |i ke derived fromfossil raw material (petroleumor the
li ke). [0([)03é dditionally, al,on% wi th social upgrading and centralization,
it 30 has eedl dsqure (o bequppad i fat esammle agerdigd ppentbeangtdisettlke has a
hi gh capacg| } rroqg ownsi zed._an as_hi .physi cal properties (for

- 2- exanp%ge{w?%gg gﬁeng (p%lrogﬁgﬁri‘?lf &g dvef edty ?%Ig%tlg‘éﬁai}vﬁo}eﬁﬁég}m@’ fi el d

charact er s¢ii6f @i Ind@htiEphaps SRk yo PANSIIERe BEARSMES(a(féexur al
strength and the like)) and the Tike, while inprovenents in a variety of
char act er ebtdtes: epuirheeabovdheehkibaedip ped vat hng sprioductg bquimbesn

Srequi red. L 004] As t.he above-nenti oned i nsul ati ng pal yner conmponent, for
exampl®, BMEPHEN |01W%1§§éeé§8§yg5é§?%lmgéé’“éﬁhiOH hkg|impp s@gERE has
been ext eqsivel ’ ﬁgﬂ@ hj ' - resin . is
recogni ze ﬁal\sﬁ%alﬂnag%???% menit/glfla e%?énf)%%hgﬁgﬁgg i(gfﬁ%gggﬁprﬁ%%{%%gtserggeans if its
anount i sihéilaténg ppMprdebndwheesS)s, fdhekanslel ia fieafordd ogausifBuct
environnental pollution and the like as far as there is the possibility of
| eaki ng oftmiild shehiale mrediwet: epésaredsloeraniaemle asl waknaylafingmedoced | ow
nol ecul ar _wei ght. c ents d the like).to the.atnosphere even if it is
present iﬁoﬁsﬁg?@ecﬁgggﬁ%tlflﬁpii%ﬁeﬁ CREPH iﬂ%??‘ﬂgfoﬁfrb?fgg’ﬁ’.cqﬁlﬂ?%éiﬁ ina 15
produgd i op, &NVit] ' AN ' I i e tion

bi sphenol A at ﬁo@%%%g{l%égﬁj c% e%e%@aédwgﬂ?g%dﬁe%ﬁé%J;léqung)?’glj n%kg@a

synt hesi suisdweptimg polyiineg mhepriat cohgpddikienusi sigtdinedhen dle afiiy padepoxy
resin. Even if each step is made in an unmanned condition, equi pnents and

the |ike Pardpumg {makipgdhpesdlionewrioanticrepmenkingbthedusnkbding

material which is obtained by suitably mixing a variety of components
such as hardening agent, filler (for example, inorganic filler such as
25  silica, alumina and the like) and the like with an insulating polymer
component such as epoxy resin (referred hereafter to as fossil-derived
epoxy resin) or the like derived from fossil raw material (petroleum or
the like).
[0003] Additionally, along with social upgrading and centralization, it
30  has been eagerly required that a voltage equipment or the like has a high

capacity and be made downsized and has high physical properties (for



20 thereby increasing a production cost. In view of these, use of bisphenol
A type epoxy in the future is largely apprehensive. [0005] Additionally,
many insul ating products (for exanple, products to be disposed owing to
life, trouble or the like) as objects of, disposition have been di sposed
merely by a landfill treatnent; however,“there is a 25 tendency that final
di sposition places for the landfill treatnent reduce year by year. This

t endency !esx@ﬁea@,hﬁmﬂyﬁngsﬁr&ﬁ@tﬁééﬁaiife@éd%ﬂc b Mb@ﬂdeﬂééhfi@rff'elw nistry of
Japan estinmated the remaining 'year for the final disposition places as the
year of abdittradéeseiic2{®@@B8)likandnttiesfiealbr pEgenedipropbatipisngcAgeaty of
Japan predicted dependi n?. on, the 30 above-nentioned estimtion that cost
for wasterstdpBpbiandhbelidwdl aadiie diken vledacmerayeant hts I @ vovetredf Upon
taki ng accqunt of the -3-. abgve, develo nt of insulating,products have
been advancgleacfatcg‘ﬁlﬁgmﬁcgébﬁ]ﬁ? agjfovﬁl %gl%l%ﬂ%rﬁe?%%@é’ﬁfn%(?ﬁgéwgﬁaﬂﬁ Her gy
savi ngg prl%\(ﬁﬁ}é@_n of gl obal warning by suppressing CO®2 discharge, and

| i ke) and recycling. [0006] However, a nmethod of recycling has not yet been
est abl i shd®08d] s Bhi @b chardltjorcat inedaouig pbieepti @iapbientefiers ( PE
cabl e covering nmembers used in insulating products) relatively uniformin
qual i ty area@BpPleactisahesobd Ugwienexy Héﬁmaﬁn@ﬁm Qﬁﬁ;alh(bmév&tlcla{ﬂ?irgdtlhbr nmal
energy requi rni.ng,treatygnt ste o that, there is the fear .of.

oy ming g BharCevILSARERYY R T £ B bane v & thReriligot Fesirisne, a
10 vari et yre@bohasdf Hb oSHPSVARGRR ADA FRnBLE £ $ehargad Hé‘rrh?ﬁﬂfes@ s,
so that there is the fear of harm ng global environnment simlarly to the
abovel0[ 0007}s Imdwny tsolitidpl{y pevemdar smdkksarbete of tinofe 4088ichudard ved

subst ances far each cgrrpgfent (for exanple, inorganic filler and organic 15
filler suCRVAEoRBGRtredekiteonred e like apApr wet ihmreas the pessgibstiterft han

the insul i n made: , however AN appl yi rate
of Cthe: ot REPREHTEELERTPANTHE ARRPEOR (SR 5B Kehe AN AR RO St on
is small, Apkdher ¢fakdt dosi@MEitsPand the 1PeOUR] Btk Wi spORPORERLSIf it is
dependi ng on substances derived fromfossil raw material. 20[ 0008]

Addi t i onaldrgsent ynrghaodapptymbtiedegmad dbt enphibstingspddorcte Fampher, in a

pol yl actic aci d-based resin) far the.insylating pol ymer, conponent i s known
(for & an&reﬁuﬁal@éh?n&}rpw%m %r,t %vvé%r%tlflﬁéﬂ&%miga AT RS Tar

t her mopl agfik6hand) A& AHBSAANC B itgfﬂ)etFé%%gﬁ%f&%%ﬁgg‘fﬁé%;éﬁqu%%trﬁe't (for

exanple, nelts at a tenperature of about sai d that

appl i cati eynehethenepard immltai wtép od thieghikyaldiageb Rebicpm@n t{Fe BbeRy

vol tage equi pnent whose tenperature can rise to about 100 Cin use) Is not
sui t abl e. 'POUDIEVIRIE 8gchtappisymearer wpsatwpmg rgrask s0n dideon coapusit non

usi ng substances,derived fromliyvin rganismis known (for exa e, Patent
30 Gt at | ONDS B AR IR NS e GbE Yo T Fhr Tro AP hE Ry SHBRRY - and
therebgre thRgeKPIROSIAdiAB DBSoALGNABGNANIRA)ibY, PPYRESAl &Y QPSEérgp}f‘e%olundﬂ
a tenperature atnosphere at about ordinary tenperature (?or exanple, a

t enper at ufetyepe eposyamncerd futuyer isntaagely nippgcheasiye wher eas suf fi ci ent

mechani cal Ig pﬂysi cal properties are difficult to, be obtained by the
conposi t i 6ACHRNEYIdtimgHLE anpeyansda inesprdnes for espamplee products to

be disposed owing to life, trouble or the like) as objects of disposition
have been disposed merely by a landfill treatment; however, there is a

25  tendency that final disposition places for the landfill treatment reduce
year by year. This tendency is apprehensive, so that the former Health
and Welfare Ministry of Japan estimated the remaining year for the final
disposition places as the year of about Heisei 20 (2008), and the former
Economic Planning Agency of Japan predicted depending on the

30 above'mentioned estimation that cost for waster disposition elevated

while an economic growth rate lowered. Upon taking account of the



5 environment in which a voltage equipnent or the like is used). [0010] An
i nsul ati ng product using a heat-resistant epoxy resin, for exanple, having

a glass transition point (referred hereinafter to as Tg) of 100 C or higher
fromthe view point of heat resistance i s known;, however, such an

i nsul ating product is hard and brittle, §o that its crack 10 incidence rate
is high in case that it is used under a circunstance where tenperature

change is SEH&S &levadbp FHTR Cims3Qh 1 LRIV S A d Bgénmcﬁeedt g%ﬁ?invgﬂ chis

-30 Cor lower in result of a crack resistance test using a

conduct or )adcouased gsbhhenivhsulmae hngoped ol (opengntavand grcviendidOof
i nprove a crack resistance and the like by adding a | arge 15ai nount of

filler is glabplsrmung Moweperesting VOscbischgred, ané liksudadinegyolaner i al
remar kabl yy.ri .50 that a suffigcient .working life (pot life: the m ninmum
e r oqu R o FRutEeh iy (e B Fain e B0 b ey S bt Blishag gt
a cast isng oPes HirQly 0L r#i2Q (%Jn!(. A f 0S8 JoSBLi

degradi ng a vvorl?gbi it)fl.l 20 00% é&?%gg’l ﬁ{e?é%?l\%?%pcoaggrcggi%%lr%s been
ext ensi velmegenasahded kinansubsihBe riodsieta)t i¢lgtpR)ly Bl feORPON§OL] R aiiNg a
variety of characteristics (insulating properties, nechanically physical
propert i esodlegteddohecaped dguiheaanak energic howaper, ithisfthendedt enalgy

mat eri al s;, however, trying to use an epoxidi vegetabl.e oil. (referred
hereipafté?qf%“F%aggu' S%i @?éH“V% : Bﬁﬁé%€?€§gﬁﬁ%g%éﬁeﬁ?%ﬁpﬁéﬁuw5§§iI r aw
material igophaesvefoddient OagllridRLIIyed &PAXYLILELP n?itpeemu&g{ rjed out.
For exanple, epoxidized |inseed oll as an exanple o? the epoxidi’zed

veget abl e wintietyasf heemfapphibedafiors andt @iyl d1zedi febmrgbdyh ehilgerddeunts,
simlarly to epoxidized so¥bean oil; however, it is lowin reactivity so as
to be | ongfi thatatheasi WothsoTedme! harwangazlehahicnnivponynt ednyilaryi teedid r om
fossi l raw JIRt erial, and insufficient in heat resistance and nechanically
physi cal propefties, so -5- that it has not been applied for insulating

products. [0D001ZlryER®X%bdHBAY Maaehalh 8110k duntedf nbs-Masd! dehaeqf ul and

carbon-neutral. Even if an |nsulatin? product of epoxidized vegetabl e oi
under goes sabstaveerefat eoch toegiorentt, (fdr scaanglaygnbagahid fislehstaboegabid f or
exanpl e, gail ronngent al hgrm)ne and the |jke), carbon dioxjde.and the |like
can bé®pr diént BUCRASSHBRH 385801 248 Ue dokd 5pMd1pa tiacampilien of beartdgan
contri buti@n i fl ' | at.i ositian.wf bejng_able 1o be
i mpr oved itﬁehlélgt“w@éﬁgjﬁé%é’g‘%r o |°g‘teinﬁgh%§r)§§§§t’§’3§@éﬁ W PRe2PPHILE] 1t

i's known tratestehiclyowfosdistleativatra mfteriAxanphe wiRAbams ulfGniat i on 3)
as a techni que for Iomering the viscosity of the insulating oil which

t echni que ceaHnot tioppysos ahbatnd shpstfane e grewterapartgispropgneiesithnd t he
li ke, different fromthat,in the field of . nsul i ng conposition. PR OR ART
O TATI ON BRPBITR G P AN R 68 SAP SPAREFRE dEF LR BR0M- 1098 A & Patag

Pr ovi i | gt . - 7
Wi oh TS 3 et b BUST Catl e 0t agan, toaeeFAaBICy LI Y ok R BT

Japanese PpaighictRr avidsbased rPuin)i foattiheniNula2R0? pbB68er (Coaip &xanple, [0007]
to [0011]) which_ is a patent publi qati_on'\éo of Japan., Patent Citation 3:
Japanese BaoswR (Bposiamenadl Pptent CatadannNd; hovesgagsheflupdegaapille [ 0004] ,

[0016], [ %Q%ggicsa%%e[t%%%%llgpl\é@i:i%hariﬁ a%e%al}besr%tan%gglvérﬁfacthi genn(?%o‘]r%?gtr}irely
readily melt (for example, melts at a temperature of about 100 °C) so
25  that it is said that application of them particularly to a high voltage
equipment (a high voltage equipment whose temperature can rise to
about 100 °C in use) is not suitable.
[0009] Trying to apply thermosetting crosslinked composition using
substances derived from living organism is known (for example, Patent
30  Citation 2); however, aldehydes are used for a hardening agent, and

therefore the composition has high mechanically physical properties



DI SCLOSURE OF | NVENTI ON 25 PROBLEMS TO BE SOLVED BY | NVENTI ON [ 0015] As

di scussed above, epoxidi zed vegetable oil such as epoxidized |inseed oil
and the like begin to conme to the fore; however, it is too high in
viscosity to forman insulating conposition, and therefore there are
problens to be inproved in productivi ty"f'f or exanple, operability and
30formability) and the |ike fromthe viewpoint of industrial materials.

[ 0016] For | €11t &y f i i : J rped of
Lo apoxi AV Saa N R B RS A AR IR i Py T ALl O UR

i nsul at i ngexmanhetd,ad témpleoht oy patuincitharckyint he ri fud €1 sheues ArBsw b ré he
mol d for casting, so that a productivity of the casting is inevitably

| over ed. Additcierameshanicelyehyricabp rangsiemandificlitpdre ¢horinedampl e,
silica, 5alun na a%/.or tthF | E}eé i,s bl ended irl(rqtlhe insu@ti ng material,

t he viscos hteyC(HBE’B 0% PRy 2 R (o SHRP U\ TP e 15 Hat & Ptﬁ.’ In case
of produci ; sl 8t r r QM. 1 k tal insert
and/ or gt he&ﬁlggndi spolésHe I %lglaggb't&tﬁgﬁl%J?%%‘ﬁg%%rtggl}%‘?% gJiS%HE'ubbl es tend
to remain [0018] noh dnse tihatp dodswek atsing pheperrekes aantpmehaniiaaldy

10physi cal properties (life and the like) are |lowered particularly at a
section coagBpEhdiHgnER ghnsnanattieg rondtive fearired hravingiter nates Tg) of

structures,~t bereby. deqgradi ng,the reliabilj f the insulating product.
[0017] Insloorddeﬁ qroﬁé}%eﬁg%ﬁhﬁrvdﬁf"eﬂgmr e?faﬁgﬁgr?%lsg?%‘bﬁ ,0"?9’%’ has been
devi sed t%&z@@vé@rs@cﬁgaﬁﬁﬁsﬁlﬁqﬁésﬁﬂ&ﬂ&c@@@f&ﬁ%éﬁé Hr‘?ﬂ;lb NSylcRbE R8s crack
15material and the like, to high’l'evels; however, wth this neasure,

epoxi didzednealst@bt & eoid higlavoicdablthahat densecdanhider at hecehystahoe tvehing a

working life (pot life). Particularly in case that the anmount of the
i nsul at i ngemRYatare cHaggecsteyare Aiugeewarie, selsd epeay rasenfore of

50t echni a8 a0t o §RER T8 -pl: € BRIRRER b & HIE o bl PoNbbRNG ke 1

20 techni que a i'sclosed in Paten

techni cal Jdigkth afefal@ondsehad) RousAMRasiHe B 13081 EhBHAES Basy ity Peen
applied. [0018] Fromthe above-nentioned matters, it is required not only

to nerel y anptguast eimpsavat agobr opestdes, ahdatha Bedianddingechanecal |y

physi cal properties..and.the like of the insulating conposition but also to
D ol PHBUREEINIS it Chrmer it HOWGvREL G 1 orHaLr ot i g oy ing

Component i 81 B RABYS 2, L 0L AU Y812 DR O g
present i nyvafibhem tSné eegaimel fdiei rabove: AE6H ¢ :01186h PERhEIH 3hand d Foan
i nsul ating polymer material conposition which is obtained b
t hr ee- di mesginepke, 119 & casEmigni ¢ tagn ionsilileakikag 2 melt ‘éreiraélformcﬁmﬁ rrgtlae
fear of degrading a workability.

20 [0011] The fossil-derived epoxy resin has been extensively generally
known as the insulating polymer component meeting a variety of
characteristics (insulating properties, mechanically physical properties
and the like) required from the viewpoint of industrial materials;
however, trying to use an epoxidized vegetable oil (referred hereinafter

25  to as epoxidized vegetable oil) derived from non-fossil raw material in
place of the fossil-derived epoxy resin has been carried out. For example,
epoxidized linseed o1l as an example of the epoxidized vegetable oil has
been applied for a stabilizer for vinyl chloride similarly to epoxidized
soybean oil; however, it is low in reactivity so as to be long in hardening

30 time as compared with epoxy resin derived from fossil raw material, and

insufficient in heat resistance and mechanically physical properties, so



-7- least an insulating polynmer conponent under heating and used for an
insulting constitution of a voltage equi pnment, characterized in that the

i nsul ati ng pol ymer conponent is epoxidized vegetable oil ester. [0020]
Anot her enbodi ment of the epoxidized vegetable oil ester is 5characterized
by bei ng epoxidized linseed oil. [0021]” Anot her enbodi nent of the
insulating material is characterized in that a hardeni ng agent i ncl uding

pol yphenol i<, #llensled. 022k, RoRBEinerhAdh BN aefcbhe har dening agent i s
characteri zed by being phenol resin. 10 [0023]" A further enbodi nent of the

har deni ng [Agdra] Esoxilarad vegk zell ebyil hesalf idhenddd Hannefulammiint within a
range of 0.5 to 2.0 tines (p_refer.abli/ 0.8 to 1.5tines) relative to the

st oi chi onetatbenguantyaly Even o ae dppalafgne o ad vep oy roguil zaidene geitibd h dik

cal cul ate m oxi.rane concentration of. the epoxidiz veget abl e oi
coter: 15 OSORR PsPRER-EREEE M EFt (st PRueRE byt STB5HARess

char acteri(zgdek Anid1at chWidAanRkRLABHE} ' CER) in an
anount wi t hi nLa raﬂr}geeof 0.1 to 30 gh&ggghﬁ\;Zlepgk%gag%r()ﬂo%ﬁfﬁggtaq{d

epoxi di zedheehktatrebeifreeshéed oEFFREEIS sOFd Bdbad MNYENTAKIN 2050030 1iA% a

di scussed ,above, according to the present invention, not only contribution
i s made odaﬁg%ﬁapté‘ﬁwti%hﬁﬁ@ec%ﬁ pl a3 whe thug camssitipn; ikaingyable to

sati sfact | I: oper.ties, heat,resistance,. nechanical physi cal
propertiegﬁiﬁhgiﬁ%géfﬁg“%ﬁh‘H%E%BP%?HBH“FHHBEIWHQEFavﬁdﬁﬂighﬁ§§*¥ion whi | e
I overing t[be1¢] 9695 iknowh t8nediBsity ald Ngs @B tIRE &hi ?ﬂor(éﬁ%'{)?et,!mgqlql ymer
conponent) thereby making it possible to inprove a productivity.

Addi t ilBnal Citatiom 8) eam tepnoveet foe loeldrabi|thieyvistosinyiafsibleatri g apimduilt to
whi ch such an.insulating polymer material conposition is applied. MODE FOR
CARRYI NG GUFLCPHEE GNAENT) NI DBREDY Heat Fepi e ncgninyahatin g myoperieer

mat eri al |t} i: i ment . resent -ipvention wl.l be
di scussedcalq{r?)gg% 61&1?& dl— %e%@ﬁggg% ‘P%Hg];%%ﬁen@n fs]i%sue%%tllnr%ﬁ?%oﬁbtlfiﬁl yner
mat eri al GURPO® ARIh e by t hree-di mensionally crosslinking an

insulatin%bgaterial i ncl udi ng an insul ating pol yner conponent and the |ike
and used fIATENT ASITATHgNSOnstitution of a voltage equi pment. As the

above s Ben RS LA % RO SOBRSLL! B0 St LR o, o 2o
e e, 2hox 2L d54899UES! Exfidplb SIARP! ©ItocPAT WHER' isYa phOln EY ARG Lich
of Japan.
Patent Citation 2: Japanese Patent Provisional Publication No.
2002-53699 (for example, [0007] to [0011]) which is a patent publication
20  of Japan.
Patent Citation 3: Japanese Patent Provisional Publication No.
9-259683 (for example, [0004], [0016], [0017] and [0043]) which is a
patent publication of Japan.
DISCLLOSURE OF INVENTION
25  PROBLEMS TO BE SOLVED BY INVENTION
[0015] As discussed above, epoxidized vegetable oil such as epoxidized
linseed oil and the like begin to come to the fore; however, it is too high
n viscosity to form an insulating composition, and therefore there are
problems to be improved in productivity (for example, operability and

30 formability) and the like from the viewpoint of industrial materials.

[0016] For example, in case of casting an insulating material formed of



oil such as linseed oil or the like is esterified to obtain fatty acid as
di scussed after. The fatty acid is epoxidized to obtain an epoxidi zed
10veget abl e oil ester which is to be applied for. [0028] The epoxidi zed
vegetable oil ester which is obtained by nmaking esterification and

epoxi dati on not only does not harm gl obaf” environnment but al so sufficientl y
neets a variety of characteristics (insulating properties, heat.resistance,
mechani cal &yonilaysd & 3 Bt oPRr il 8% the BRE, (e hifkeh1f edvhLed tfhreoi'ﬁstuggti

vi ewpoi nts of industrial materials while being owin viscosity t eré]b%/

i mprovi ng wageodddbi foltow pachicadakyr dadbid intute antdut herdsi ket whamoldpfeli ed f or
the insul ati ng pol yn}ar conpopent,. as conpared with nere epoxidi zed

veget abl e ‘G110, thehpl Reprqmptoyity |afdineata signgdr yrevitedpdawered20A

i f h b lied f i ficati f bl
oo O AR TR A B SRS 2 PR e loti i BTIEE FAL e Sratet SHTon ar o
al i phatsi ¢ @hGRNOd Snidi} vEb Nk dVBEWle ndle80ROt he %Matﬁ%g%gtemﬁg%ﬁfé _al cohol ,

propyl al cohols and butyl al cohols. The purpose of esterification of
thi s enmbodvisensity decomuis finthbattiyhatiede hpdo@sylyg arptoduivitegbt abbe ooi |
as fat and oi(;(w,Saturat ed1 or unsaturated state, nunber (val ency) of OH
group, postHABHIPEra Rl adeedpagiiichprogrdq hmirh amdinsnrt| (et adfingach

al cohol co C ' - sel.ected jf.the re wthin range .where
the char acﬁ@@gﬁ f}lgsﬁgfe bcﬁﬁégéa%(?rg é’(E{idfleséj STy aB 8L BEH: B br‘r’&‘[%l?%rtgﬁﬂy

degraded. t30{00300 iA & aagHakbean@it!in@sl £ink PFopRBY Snd RELNa AR q%fst er of
linseed oil) as fatty acid can be obtai ned by refluxing the al cohdl

conporént rEeysicgl prepeitonedlifbond thegbidedmreilbveredeatattieuleirly ian @r esence
of known aci gi c cat al i;st gsul furic acjd.or the |like) or basic catalyst

(sodi um hy#CHOMECTeSPABAIR & AP Hhinslating 6eBaljUtIoN Rakihg aineei ety of
t t t i J b -USE t)e, istilklati ti
of Chnpur | 3/ L2ERuAS, REULLRY WeBthBihd BRE SUUBHTED ob o Filp B Bt = O

bl eachi ng [0bay] theatdento) s@lvd dultsh birklleh 9931 tikBaoaPREB TP RASBcen
vegetable oil ester is unsaturated fatty acid whose unsaturated sections
are epoxi diexaged iersebyosmtingrind pepoxsdhzad nveepstiabies forlinesiaringhi ch is
ai ned.,.The _aboves; nent j.oned epoxi.datjon.of. 10 the unsaturated sections can
be acdBnplTaRadal Ao LiGTikce TogER sy eV elie Wi bhisomegratac o
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necessary. [0032] The above-nenti oned epoxi di zed veget abl e o P aster

under goes # hoeging idfiesipondifetr Basticnkirlg inncadestldesthabigofint ertther eby
obtaining 15 the insul at.i n% conposi tion which can be applied for the

i nsul at i ngREBRAEREURAENTIBE Ta beiasétly lafee erdaigecasuibabibhe t1By ddspetirfyi ng

veget abL 2 kSRR LELAN, REL B ALISPLBLE SABER B  n
polynes caepRAffie 8MiBECkOWRRERL {dh VRGOS B W difRYEnE ANY 118 AN LEREXY
field of the insulating composition and therefore has not been applied.
[0018] From the above mentioned matters, it is required not only to
merely improve the insulating properties, heat resistance, mechanically
physical properties and the like of the insulating composition but also to
25  lower the viscosity of the insulating material (insulafing polymer
component) so as to improve a productivity thereby raising the reliability
of the insulating product.
MEANS FOR SOLVING THE PROBLEMS
[0019] The present invention is to solve the above-mentioned problems
30 and is an insulating polymer material composition which is obtained by

three-dimensionally crosslinking an insulating material including at



20equi val ent. [0033] [Conmponents to be bl ended, other than insulating

pol ynmer conponent ] Filler, hardening agent and the |ike can be
suitably blended simlarly to in conventional techniques, as conponents
ot her than the 25epoxidi zed vegetable oi|l ester. [0034] For the filler, a
variety of fillers applied in the field 6f insul ati ng conposition can be
applied, in which exanples of the filler are silica, alumna and the |iKke.
A bl endi nglera%%%r?ﬁ@sﬁlf&‘%iﬂgF%lﬁ%e'fr@o%ﬁéﬁé@tr uﬁﬁ%r%%@%hﬁ?h@g%f%‘ g to
an ainmed insul ating product; however, there is 30 the Tear of egr adi ng
di sper sabiinstwtiargdcdrogtmabiibhtof 4 mobiage ¢daip vhbet bilendictgriaequnt tloft tHe
filler is too nmuch. -10- [0035] For the hardening agent, a variety of
har deni ng ‘@gaRaEnghp ely man cpamemertos epamipized weentalgexiidiezter. veget abl e

oi |l ester e, appl i ed. .Exanpl es of, the hay.denin t are phenols such
as pol yphe@?&o?f‘%}}g@}(%rn%méfo%%%ﬁﬁlo g Ryox Z?ﬂev‘ﬁ%esg,gpeaﬂﬁrf’ég,gré%i d

anhydr dessiafih bk iy bBiERRESKM DAL RERdL ng amount of this hardening
agent, for exanple, an ‘epoxy equivalent of the epoxidized vegetable oil
ester is daioadl aAedtHaabmibloat e ritr afinlenimxilaane: conRetir & Llpard tceasd of
epoxi di zed linseed oi]), and then the_hardening agent in a stoichionetric

quantity dépdhi Adalarescpnat vyndmanolrahenel i blrdwted.f or exanpl e,

bl ended 1Q n t .0 relatiive,to.,a stoichi.ometric quanti
Cartoy. saoR2ZM AR e Bl BB e bR Rt e s hiate i Raped Pyer
for exanplginacsesgbing.4iq. the order of priority in physical properties
required for the ainmed insulating product. [0036] Additionally, a variety
of addPti 69284m erBuirt ablby dirned tfafrtehkatde purpageat ¢ chhorcraml &y

i mprovi ng vvorka\?bli lity (for exanple, shortening a working tine and the
like), fortiBeItlepdedgnoanadpeupt Srithsn anatampERld Yo grY simap (profpeables,
el ectrical e r 10 d.the like, .in which hardening,.

accel erat odr’g(tg'%?ttﬁ%esgg?%{%? eﬁﬁdt?%esnﬁorllghlgfm (Il‘lte{?rl %élrllliaﬁldnté’glé% O &C§ 9%%7{)‘? e,

or gani ¢ penppdey eqiii D&Eant Wheldlz 04 e8)ila2dd them! AKX ekir 10265 Hh &M r8L AP LRI
agent, reaction pronoting agent _Sf or the purpose of controlling reaction
(Tg char adberémaiidijed peeokilde @l esher.| i ke) and the like can be suitably

d i Lnatj ...[ 0037 i nking. in.thi nbodi nent i nti al l
ovi g o CHEZARAER (5 et TBRa t e o1 4 et SUT oAk S AP B 26 ot
be 25 af f egtigd, {bym A1 NANLERINGL GO L L ARG ;R &&%Mra%?qgf%rg@ggg\?f{‘ce of

t he above-nenti oned hardeni ng accelerator, redaction retar

reaction prishohisngaagent Cabdotde phirkelafi9Q@38] 150 lexanphe cpbiedBandeni ng
condition (tenperature, tinme and the like) is suitably set to obtain the
physi cal prépérbiesilgistehe ai med 30 insul ating conposition (for exanple,

sui tably i { nd the bl endi ng anount of the
har deni ng%@ﬁ?g%iﬁ&%i%ﬂéwﬂ@eﬁ physi cal properties thensel ves do not
make phei fobashadifdenengedh fRvehckbrditg WEH@%@QGHP@H\&E?E@‘E{ ok oan

different. Additionally, reaction accel erating agent an eact1o0
r et ar di ng cagéntbvdien ssint adbé pnaglplbiad d rtvar s ainss tanch ssrkatidebueadsd on safe

(suppressing,.the reaction) for the 5 purposes of jinproving workability,
product i vittyiighd i néatistactqry insudntinep poneities. hedpeedisbenemensel ves do
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insulating composition while lowering the viscosity of an insulating
25 material (insulating polymer component) thereby making it possible to
improve a productivity. Additionally, this can improve the reliability of
an insulating product to which such an insulating polymer material
composition is applied.
MODE FOR CARRYING OUT THE INVENTION

30 [0026] Hereinafter, an insulating polymer material composition in an

embodiment of the present invention will be discussed in detail.



and the reaction retarding agent are different. Further, the reaction
pronoting agent is suitably applied (for exanple, suitably applied 10
according to the hardening condition and the kinds of the hardening
accelerator and the like, and the bl ending anount) to adjust reactivity
(for exanple, adjusting Tg characteristits in case of peroxide) simlarly
to the above-nentioned reaction accel erating agent and reaction retarding
agent, in j PN el ] X ; %ﬁk&; ir

| ar ge diff%?gﬁ@égngben igggkgﬁﬁgﬁggggﬁgkﬁfgn i%%ﬁ%gﬁ@gﬁg%u%ﬁg reaé%?%%
pronoti ng aigenhedrley dhfdedemensi@Oddy rPsddnkin®anniididdling materitle
insulating material can be obtained by suitably bl ending various conponents
as nenti ond¥lupsue apyinfuin g g pelyimen companand, and tbﬁdége angd peed dentament

itati t.r.eat t.. .the dik Th b. - i d,i | atir teri
R R IR e L e e
thereby f Oi&fﬁ'umgtiﬁlrg]e?é‘]yrﬁgr bhsRtiY, eermanihi A egsiagi&&%g' ﬁ%geretab% ohhe

above-nenti oned m treatnment, agitation treatnen rt are

sui tabl y setamslded diifigrént ZBomhe cbheadtiogadreuhhiqléd ddsvyiaid theel | ke of the
vari ous conponents, Additionally, fornié%ﬁfonditions can be suitably set,
in which £Rasdsad gegelrine mgl weepode & ddtecalceleulm examiplg, a pregssabke
casting, transfer_casting, injiection nmolding.and the l.ike can be appli ed.
[0040] | &xahprsl) 5Brserd il ShPedie T trHEGA AEraaey acef Socor di ng
to the enhpdiiBidd Wildr. T Ofaey936d is eg%%_‘idizﬁe@ofblébféibsén Foxiadqated in
Tabl e 1 shown bel ow, epoxidized |inseed oil (Daimc L-500 produced by

Dai cellOChemgeahblevduse stieesyhidhdis tobeepaxXied fex |1i nseed oil ester obtained

by esterif in% | i nseed o]l éproduced by Kaneda Corporation) was used in an
amount of D68 Mh%PPﬁ raflivegesaply Hetstespbifants obtrinsd heseaking

h | - f ! 0f R+ HE~3 duced b it Bakel i t
(phenor - SIBLARINS, LupecRRNDL BB B ALOGHPRA,BY B! o Bkl it

quantity asiHasgenintthagao shifidazelen(ctetdyirAtyrifolalibidazele (2E4AMZ)
produced by Shi koku Chem cals Corporation) was used in an anmount of 4 phr

as har deni(mgsulatiee girepatides, Beat casihiaed, mreotuceda By platsoabpiopdidids was
used in a certain..anount .as.filler. The respectjve, conponents were n xed to
obt ai r10a VTS SR THRE) HRARER 0 et VAT €D R o WAL T ChoRHf L Fo By AP

menti oned | Mol I Q1 | ter, first,

et hyl al coﬂr%glhg\(qf)i“{r g’?%%coc sgl?&lpr dﬁgggbg{/&%g%ﬂe@%ﬁgﬁ?gaﬁﬁﬁog Ltd.) in an
amount of W@k Pidftythed sheilche avied s iap pdlahtdat yhangds slting ipelagiad (2N

sul furic acid, produced by Junsei Chemcal Co., Ltd.) in an anount of 5 %
of the stsE8HP UMY ias euamered wdhemedderpddizasl Vepekddeotil ordie tiken

under went at_a_.boili tenperature i n the atnosphere thereby
obt ai ni ng [pﬁgbgﬁ)%‘ﬁ]laf&g 5’8?¥qﬁ?§ée8r’6¥’?“@§ﬂer. Thereafter, perbenzoic acid
(firsgoclass, prodysRdyf I9WG 8 mERBANS 2hnTe apllihd fdie &R ¥TPMILLQfr 150 %
of the stoichionetric quantity was added to the above-nentioned epoxidi zed
| i nseed oivegestilble bileladym phisadiha hg hioheoat pmde e oxidisped dihpgeatheoi | ester.

esterification are aliphatic alcohols including methyl alcohol, ethyl

alcohol, propyl alcohol, propyl alcohols and butyl alcohols. The purpose

of the esterification of this embodiment is to obtain fatty acid and

26  glycerol from vegetable oil as fat and oil. Saturated or unsaturated state,

number {valency) of OH group, position (primary, secondary or tertiary)

and the like of each alcohol component can be suitably selected if they

are within a range where the characteristics of the aimed insulating

composition are not largely degraded.

30  [0030] A vegetable oil ester (for example, fatty acid ester of linseed oil)

as fatty acid can be obtained by refluxing the alcohol component as



[0043] Additionally, the phenol resin was blended in an anobunt of 1 time 25
quantity relative to the stoichionetric quantity ratio upon calculating the
epoxy equi val ent fromthe oxirane concentration of the used insulating

pol ymer conmponent. -13- [0044] [Table |nsulating material ML M2 M3 M4 Mb
M6 M7 M5 MB MO Epoxi di zed |inseed oil (‘phr)

mentioned above together with vegetable o1l in presence of known acidic
catalyst (sulfuric acid or the like) or basic catalyst (sodium hydroxide or
the like) and, if necessary, by making a variety of treatments such as
neutralization (pH adjustment), distillation (separation of impurities
5 and water content), purification (activated carbon or bleaching clay
treatment) and the like.
[0031] The above-mentioned vegetable oil ester is unsaturated fatty acid
whose unsaturated sections are epoxidized thereby obtaining epoxidized
vegetable oil ester which is aimed. The above-mentioned epoxidation of
10 the unsaturated sections can be accomplished, for example, with
peroxide such as perbenzoic acid (CsHs-CO-OOH) or the like, in which
purification is suitably carried out if necessary.
[0032] The above-mentioned epoxidized vegetable oil ester undergoes
three-dimensional crosslinking in its desirable form thereby obtaining
15  the insulating composition which can be applied for the insulating
constitution of a variety of voltage equipments. By esterifying vegetable
oil to obtain fatty acid and glycerol and then by making epoxidation like
in the embodiment of the present invention, the insulating polymer
component can be lowered in viscosity without changing an epoxy
20  equivalent.
[0033] [Components to be blended, other than insulating polymer
component]
Filler, hardening agent and the like can be suitably blended
similarly to in conventional techniques, as components other than the
25  epoxidized vegetable oil ester.
[0034] For the filler, a variety of fillers applied in the field of insulating
composition can be applied, in which examples of the filler are silica,
alumina and the like. A blending rate and the like of this filler are
suitably set according to an aimed insulating product; however, there is
30  the fear of degrading dispersability and formability in case that the

blending amount of the filler is too much.



100 100 Epoxidi zed linseed oil ester (phr) 100 100 100 100 100 100 100 100
Phenol resin (stoichionetric quantity ratio)

- 10.

[0035] For the hardening agent, a variety of hardening agents which can
react, for example, with epoxidized vegetable 01l ester can be applied.
Examples of the hardening agent are phenols such as polyphenol (for
example, phenol resin) and the like, amines, acid anhydrides and the like.

Concerning the blending amount of this hardening agent, for example,

o34

an epoxy equivalent of the epoxidized vegetable o1l ester is calculated
(calculated from an oxirane concentration in case of epoxidized linseed
o0il), and then the hardening agent in a stoichiometric quantity
depending on the epoxy equivalent can be blended (for example, blended

10 in an amount of 1.0 relative to a stoichiometric quantity ratio). Such a
blending rate of the hardening agent can be suitably set, for example,
according to the order of priority in physical properties required for the
aimed 1nsulating product.
[0036] Additionally, a variety of additives can be suitably used for the

15 purposes of, for example, improving workability (for example, shortening
a working time and the like), formability, Tg characteristics,
mechanically physical properties, electrically physical properties and the
like, in which hardening accelerator (starting point of hardening of
hardening agent: for example, organic peroxide, amines, imidazoles or

20 the like), reaction retarding agent, reaction promoting agent (for the
purpose of controlling reaction (Tg characteristics): peroxide or the like)
and the like can be suitably used in combination.
[0037] Crosslinking in this embodiment is essentially owing to the
hardening agent, and therefore a crosslinked structure cannot be

25  affected by a hardening condition and by the presence or absence of the
above-mentioned hardening accelerator, reaction retarding agent,
reaction promoting agent and the like.
[0038] For example, the hardening condition (temperature, time and the
like) is suitably set to obtain the physical properties of the aimed

30  insulating composition (for example, suitably set according to the kinds

and the blending amount of the hardening accelerator), in which the



01.01.01.01.01.01.0 1.0 1.0 1.0 Imdazole (phr) 4.0 4.0 4.0 4.0 4.0
04.04.04.0 4.0 c

1.0 1.0 1.0 1.0 1.
4.0 4.0 4.0 4.0 4.0 Silica (vol%

-11.

physical properties themselves do not make their large differences even
if the hardening conditions are different. Additionally, reaction
accelerating agent and the reaction retarding agent are suitably applied
to raise and make the reaction safe (suppressing the reaction) for the
5 purposes of improving workability, productivity and the like, in which
the physical properties themselves do not make their large differences
even if the kinds and blending rates of the reaction accelerating agent
and the reaction retarding agent are different. Further, the reaction
promoting agent is suitably applied (for example, suitably applied
10 according to the hardening condition and the kinds of the hardening
accelerator and the like, and the blending amount) to adjust reactivity
(for example, adjusting Tg characteristics in case of peroxide) similarly
to the above-mentioned reaction accelerating agent and reaction
retarding agent, in which the physical properties themselves do not
15 make their large differences even if the kinds and blending rates of the
reaction promoting agent are different.
[0039] [Production methed]
The insulating material can be obtained by suitably blending
various components as mentioned above by mixing them, for example,
20 under a mill treatment, an agitation treatment or the like. The
above-mentioned insulating material is cast in a metal mold having a
certain shape and hardened under heating, thereby forming the aimed
insulating composition. The conditions of the above-mentioned mill
treatment, agitation treatment or the like are suitably set according to
25  the blending amount, kinds and the like of the various components.
Additionally, forming conditions can be suitably set, in which a variety of
forming methods such as vacuum casting, pressure casting, transfer
casting, injection molding and the like can be applied.
[0040] [Examples]
30 Next, Examples of the insulating composition according to the

embodiment will be discussed.



40 45 50 53 56 60 63 66 40 43 [00451 Then, the above-nentioned insul ating
materials ML to MLO were 5 respectively cast (heating and hardening at a
tenperature of 150 C for 24 hours) into certain shapes (10 nmx 5 mm x 200
nmm) . Upon this, observation was nmade as_t0 whether the insulating
conposition could be fornmed (cast) or not fromthe viewpoint of
productivity, while volunme resistivity (fl-cm according to JI'S K6911 for

i nsul at i ng[(w4odeFirisesas TAd LAt DindCePredi R okstn Do weL hogidiosd hadteed oil
resi stance, and flexural strength (MRa) in the atnosphere of tenperature of

20 C accorddagnao Lab0Rremdowiedt b dtadical; Chesticand niduséaie sekdnsion

coefficient (x,106),accordi. to TMA nethod were_respgectively asur ed.
Rosul 1o o R A reat L as Htiso AU Mo P FRENS Bnseeq g g CeaTabI e

2] Used 'W%ﬁécﬁg d@&a%%ﬁlon) Mas used in an amount of 100 phr as insulating
5 polymer component. Phenol resin (phenol-formaldehyde type novolak
(PR-HT-3) produced by Sumitomo Bakelite Co., Ltd.) was used in an
amount corresponding to the stoichiometric quantity as hardening agent.
Imidazole (2-ethyl-4-methyl imidazole (284MZ) produced by Shikoku
Chemicals Corporation) was used in an amount of 4 phr as hardening
10 accelerator. Silica (MCF-4 produced by Tatsumori Ltd.) was used in a
certain amount as filler. The respective components were mixed to obtain
a variety of insulating materials M1 to M10 as shown in Table 1
mentioned below.
[0042] Concerning epoxidized linseed oil ester, first, ethyl alcohol (first
15 class, produced by Junsei Chemical Co., Ltd.) in an amount of 120 % of
the stoichiometric quantity and sulfuric acid (2N sulfuric acid, produced
by Junsei Chemical Co., Ltd.) in an amount of 5 % of the stoichiometric
gquantity were added to the linseed oil, and then underwent reflux at a
boiling temperature in the atmosphere thereby obtaining the epoxidized
20 linseed oil ester. Thereafter, perbenzoic acid (first class, produced by
Junsei Chemical Co., Ltd.) in an amount of 150 % of the stoichiometric
gquantity was added to the above-mentioned epoxidized linseed o1l ester
thereby obtaining the aimed epoxidized linseed oil ester.
[0043] Additionally, the phenol resin was blended in an amount of 1 time
25 quantity relative to the stoichiometric quantity ratio upon calculating
the epoxy equivalent from the oxirane concentration of the used

insulating polymer component.



M MB M4 Mb M6 Condition of casting Possible Possible Possible Possible
Possi bl e Possible Volunme resistivity (flcm Over 1.0E+15 Tg (E) 112 114 113
112 114

- 13.

[0044] [Table 1]

Insulating material

M1 | M2 | M3 | M4 | M5 | M6 | M7 | M8 | M9 | M10

Epexadized - - - - . - - - 100 | 100

linseed oil (phr)

Epoxidized 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
linseed oil ester
(phr)
Phenol resin 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

(stoichiometric

quantity ratio)

Imidazole 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
(phr)
Silica (vol%) 40 45 50 53 56 60 63 66 40 43

[0045] Then, the above-mentioned insulating materials M1 to M10 were

respectively cast (heating and hardening at a temperature of 150 °C for

[

24 hours) into certain shapes (10 mm x 5 mm x 200 mm). Upon this,
observation was made as to whether the insulating composition could be
formed {(cast) or not from the viewpoint of productivity, while volume
resistivity (Q-cm) according to JIS K6911 for insulating properties, Tg
10 (°C) according to TMA method for heat resistance, and flexural strength
(MPa) in the atmosphere of temperature of 20 °C according to a
three-point bending test and linear expansion coefficient (x 10°6)
according to TMA method were respectively measured. Results of the

above measurements are shown 1n Table 2.



113 Fl exural strength / 20C(MPa) 130 133 135 140 138 142 Linear expansion
coefficient (x E06) 28 27 25 24 22 21 -15- [Table 21-continued
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[0046] [Table 2]

Used insulating material

M1 M2 M3 M4 M5 Mé

Condition of | Posstble | Possible | Possible | Possible | Possible | Possible

casting

Volume Over 1.0E+15
resistivity

(Q-em)

Tg (°C) 112 114 113 112 114 113
Flexural 130 133 135 140 138 142

strength /
20°C(MPa)

Linear 28 27 25 24 22 21
expansion
coefficient

(x E-06)




Used insul ating materi al
| npossi bl e Possi bl e I npossible Volunme resistivity (Clcn) Over

M/ MB M MLO Condition of casting Possible

5.8E+14 Tg (C) 112

o

10

.15-

[Table 2]-continued

Used insulating material
M7 M8 M9 M10
Condition of | Possible | Impossible | Possible | Impossible
casting
Volume Over Over
resistivity 1.0E+15 5.8K+14
(Q-cm)
Tg (°C) 112 . 98
Flexural 136 . 123
strength /
20°C(MPa)
Linear 20 - 28 25
expansion
coefficient
(x E-06)

[0047] As shown in Table 2, in case of using mere epoxidized linseed oil
as the insulating polymer component, the viscosity of the insulating
material was too high so that formation is impossible or difficult as the
msulating material M10, if the blending amount of the filler was
suppressed lower as the insulating material M9. Additionally, even in
case that the blending amount of the filler was suppressed lower,
insulating properties and heat resistance were insufficient though
sufficient mechanically physical properties were obtained as the
insulating material M9, The insulating material M10 was impossible to
be cast as aimed; however, a composition to be used for measuring the
linear expansion coefficient could be obtained.

[0048] In case of using the epoxidized linseed oil ester, the productivity

was satisfactory without suppressing the blending amount of the filler as

1. OE+15 Over



98 Flexural strength / 20C(MPa) 136 123 Linear expansion co

efficient (x

EO6) 20 28 25 [00471 As shown in Table 2, in case of using nere

epoxi di zed linseed oil 5 as the insulating polyner conmponent,
of the insulating material was too highﬂgp that formation is
difficult as the insulating material M, "if the bl ending anoun
filler was suppressed lower as the insulating material M. Add
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10 insul ating properties and heat resistance were insufficient

the viscosity
npossi bl e or
t of the
itionally,

ssad | over,
t hough
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l'i nseed oi uctivity was sati
t he bl gndifigipfREnhsAiatiRe hibké8a18311 to M7, productivity becomes

satisfactory while insulating properties, heat resistance and

mechanically physical properties become satisfactory in the in

ressi ng

sulating

composition, as compared with applying mere epoxidized vegetable oil.

[0050] Additionally, the filler can be blended in an amount within a

10 range which is generally applied in the field of insulating composition

(for example, blended as in the insulating materials M1 to M7
Examples). Accordingly, it will be understood that a sufficient

formability can be maintained if the filler is not blended in an

in

excessive

amount (for example, blended as in the insulating material M8 in

15 Examples).

[0051] The kinds and the blending amount of the hardener are suitably

set according to the aimed insulating composition, in which it

was

confirmed that the results similar to those in the insulating materials

M1 to M7 could be obtained by blending polyphenol in an amount within

20 a range of 0.5 to 2.0 times (preferably 0.8 to 1.5 times) relative to the

stoichiometric quantity ratio, to 100 phr of the epoxidized vegetable oil

ester. Additionally, the kinds and blending amount of the hardening

accelerator is similarly suitably set, in which it was confirmed that the

results similar to those in the insulating materials M1 to M7 could be

25 obtained also in case of blending imidazole in an amount within a range

of 0.1 to 30 phr (preferably 0.2 to 15 phr) to 100 phr of the epoxidized

vegetable oil ester.

[0052] As discussed above, concerning the present invention, while

discussion has been made in detail on specific examples, it is apparent by

30  the skilled in the art that various changes and modifications may he

made without departing from the spirit of the technical idea of the



-16- the insulating material MJ, and besides insulating properties, heat
resi stance and nechanically physical properties were also satisfactory.
[0049] Fromthe results discussed above, it was confirmed, by applying the
epoxi di zed vegetable oil ester as the ingulating polyner conponent 5 as in
the insulating materials ML to M/, productivity becones satisfactory while
i nsul ati ng properties, heat resistance and nechani cal ly physical properties
becone satpsfsctonyenbidrhel dagubatlingtaerpositteonf casrsorhat etichi t h

appl yi ng re epoxidi zed.vegetabl e oil. [0050] Addltlonally, the filler can
be' bl endedhan et antuRe L eHIAE bedorarigebrnseana ¢f genareprpazppneed in the
field of uﬁ&g&gtlng conposition (for exanple, blended as in the insulating
materi al s M/ in Exanples). Accordingly, it will be understood that a
suf fi ci ent[gografaid &4¥meas, ?&‘e ﬁﬁb{ﬁ‘ﬁé'c@ﬁ@dﬁ)n&hﬁa}ﬂbhﬁ{g ESndfioRd %W@eﬂxé h an
excessi ve amount (for exanple, biended as in the insulating material M8 in
15 Exaﬁpldskeoﬁmﬁémhsﬁhﬁqunﬂat@mdlBhesbheﬁdwngmanmunﬂuq;tdhhemandemﬁniare
sui tably setaggcordln %he aimed _jnsul atin conP03|t|on in which it was
confirmed kg wﬁélmegmw §hmqp&ﬁu@@etdhﬁ%@ﬁ Pl 2R 4 gV ABEEY 4] s ML

to M7 coul h noI in_an_anoun th|n

range of J; g}?ﬁ%ﬁgﬁgg p” Xf% g‘?@gop{@“f M EAYEG E%""Feflﬂ‘“% fl&%tehe

st oi chi omaikéX iAURRLER YhE tdr@,nétomlxﬁ@ecﬁﬂtb e &é}@t&ﬂ%h@lﬂﬁtﬂnmﬁ able oil
ester. Additionally, the kinds and bl ending anount of the hardening

accel er at déxisipde i Addityoauliwaﬁ:l 1B m|ardnt wid tedtfe ¢tavasidant o thede thatvit he
results simlar_to those in the insulating materials ML to M/ could be 25
obt ai héd diisd14 Hxeasrlestcat dAd @W‘?ﬁlﬂ’é’fé‘l B FRSeh WAt Ytk a range of

0.1 to 30 A (pyg ergf%gsﬁxg?lep\gggjpjo%mis i rH 3 POl nS'i‘Eete}g% dhgse

veget abl e ol Hsctissed ove concer ni ng

i nventi on,anshéhigatlls Glssded maﬁlrbﬁefhrf@éjﬁrhdl“edﬁiéibha@zibt%@ﬁ;ﬁ;!ufsl 6f @Pf@rml es,

it is apparent by 30 the skilled in the art that various changes and

modi fi cat iainsedriys ble thag cow ndsoup ndepanat he d‘agrmdtede ns pndrdltlo@f ta blee

t echni cal nga of the reseq%& Hventlog ggltlon , jt is a matter of
cour se théicgﬁbﬁ“gﬂéﬂ@ CRRE HEAr Y Rt ABLS © ?ﬂﬁﬁ g+ ﬁ%”g%égéan t he

acco nyi %@%b F ppl e, the m xing conditions, hardening
condlnﬁlgonsm%ncgilrﬁhg%uﬁb e ofzﬁﬁe insulating material are suitably set
according to the kinds and bl endi ng anounts of the epoxidi zed vegetabl e oi
ester and a variety of conponents (the hardeni ng agent, hardening
accelerator, filler and the like), in which they are not limted to the
contents shown in the Exanples. Additionally, it is apparent that effects
simlar to those showmn 10 in the Exanples can be obtained even in cases
where a variety of additives (for exanple, conponents other than those in
t he Exanples) are suitably blended within a range where the characteristics
of the aimed insulating conposition cannot be degraded, in addition to the

above- nenti oned epoxi di zed vegetabl e oil ester, hardeni ng agent,
15hardeni ng accel erator and filler.



-18- CLAIMS [Claim 1] An insulating polynmer material conposition which is
obt ai ned by three-dinensionally crosslinking an insulating materi al
including at | east an insulating polymer conponent under heating and 5 used
for an insulting constitution of a voltgge equipnent, characterized
in that the insulating polynmer conmponent is epoxidized vegetable oil ester.
[ aim 21An insulating polyner material conposition as clained in

Claim1l, characterized in that the egokiAdied vegetable oil ester is

10epoxi di zed |inseed ojl. [ aim31An insulating polynmer material

conposi ti oflasmclhi medin anenkdtpng pawlymercmrtwagrqozrmpalhlotrhmhlahhar deni ng
agent incluydin | yphenol,.is blended in the insulating materigl.. [, aim
atan i noul SPRGe B PR P R SRR s et DRl B medde PR B giet O a o
1 to 3, chalacdfld 28dehsk hRahLILLRR! SFNG BGEMo Dt hb& 8 %f&! ai m
5] An insulating polynmer material coffposition as'clainmed in any o aims 1
to 4, shanastkefirzed insultiag ddsthartdeniofg agenieisdibenged i n an anount
within a range of 0.5 to 2.0 tines relative to a 20 stoichionetric quantity
ratio accordi ng @rastepesy isdiataieninsiiaéing sobanenicarerpienirisan oxi r ane
concentratjon -gf t he ego ildi zgd veget able oil ester. [Caim®61An insulating
pol ymer meteri at > ﬂ%% lia[ 5191855 i med in any of Clains 1 to 5,

char act eri[ggdimno) hat Amﬂ@a%@n%?og%ﬁmeﬁa%éri%_l%‘énﬂ%mfamgs%@gﬁxgg%m In

an anount within a range of 0.1 phr relative to 100 phr of t
epoxi di zedChsegeflabharecieresidkin thattthe épsuldatddhygepatarlealil ester is
10 epoxidized linseed oil.
[Claim 3] An insulating polymer material composition as claimed in
Claim 1 or 2, characterized in that a hardening agent including
polyphenol is blended in the insulating material.
[Claim 4] An insulating polymer material composition as claimed in
15 any of Claims 1 to 3, characterized in that the hardening agent is phenol
resin.
[Claim 5] An insulating polymer material composition as claimed in
any of Claims 1 to 4, characterized in that the hardening agent is
blended in an amount within a range of 0.5 to 2.0 times relative to a
20  stoichiometric quantity ratio according to an epoxy equivalent which is
calculated from an oxirane concentration of the epoxidized vegetable oil
ester.
[Claim 6] An insulating polymer material composition as claimed in
any of Claims 1 to 5, characterized in that imidazole is blended as a
25 hardening accelerator in an amount within a range of 0.1 to 30 phr

relative to 100 phr of the epoxidized vegetable oil ester, in the insulating

material,



