DESCRI PTI ON TI TLE OF | NVENTI ON: | NSULATI NG POLYMER MATERI AL COMPCSI TI ON
TECHNI CAL FIELD 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 equi pmrent or the |ike) equipped with a sw tching
equi pnent such as a circuit breaker, a disconnecting switch or the like in

10a casing. [0002] As one to be aﬁgbisz:ﬂ{ﬁ@mﬁanpl e, applied upon being

directly exposed to the outdoor) ing constitution (for
exanpl e, i AL Mk i i Yg@; e equi pnent
(a heavy :?g@'ftﬂrgi?@egui prrllneﬂrl;!tj!@cl)\!rI %gqq‘ﬁg}%mﬁﬁe WR?I%ASP%S&M{AC i ng

equi pment COMBOSIAYINCi rcuit breaker, a disconnecting switch or the like
in a casi 2’8 an insul ati nglapol ymer material conposition (referred

her ei naf t SFECHNICMs iIBLRAg conposition) which is, for exanple, in the

f f (nol d ti duct . red h ft t.
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known. The insulating polynmer material conposition i s obtalned eating
and har deni rgltagekéqeipmhere{flirnenahobal a di gk slal tkg e g ui e einh swicht Ang
material which is obtained by suitably nm xing a variety of conponents such
as har denilrpagelactrici eqwipment osthepike) pavipad withid evitehdngas 25

silica, alum.na and the like) and,the |like,with_an. . nsul atin ol y.rer.
cononent SIURBERERuR st FireRrEPbPTet e e Paptr g e sbodh B Y RG U
epoxy ipesidka@ind he Iike derived fromfossil raw material (petroleumor the
like). [0003]J Addi tionally, along with social upgradi ng and

central i zai0ioB2] Ad oB@ thalse hephicehfer loxamegld, reexplidrhu panvisdinggdireqtliypment  or

the li ke has a high capacity .and be made downsi zed and has high %tlysi cal
proper t | eseXHased topthe eufdeer) oxan inswiptinssenstidation Hreexamerls @akdown

electric fjield characteri.sti .and. th j ical s i cal
ot oper t e Gt 12k PurigRp aRE bR RE tpiel B el bt OB bl Blavy
i mpr ovenentiscimc dguaphRint &F tebaladt &diphletiswdrh hheviabRer BipRRed
i nsul ati ng product have been 5 required. [0004] As the above-nentioned

i nsul ati ngsydl weer ciconpoheedkey, ar dscanpleeting swhtehodr the e Bpoxsasivgi n
known as an i,ndetr,i al q}ir oduct hag]_@geen ext.ensiﬁelé useﬂ; how%ver, this

bi sphenol 20 iypelatipgpalerier materiad gamresiEomiyedats e hrEHrAt HottBie and
exhibits r - . | Lo HibR i @MPHNExd Siolld b o) I Ss).
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there i s thgoRPesiRhkigrodelct! ealcirped tferbisteiteraohs Ant Mieilepiexyptédictexanpl e,
| eaki ng of unreacted | ow nol ecul ar wei ght conponents and the like) to the
at nospher ecansgituitiedi af fhe preadening nompwsideneahddermedduchastiagi aul ati ng
product. Further. i '
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condi ti on, heele mimentis akiglg theedik s dional tiodsdnlting) pheduetilatingnvi ronnent
are requl rr%gterial 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;2-there is a 25 tendency that final
di sposition places for the landfill treatnent reduce year by year. This

tendency i s apprehensjve, so that, the forner Health and | f aj.e ni stry of
Japan esti%ﬂ%ﬂlﬁ’ﬂésPLﬁﬁPEiwpﬁééﬁeSf ekegtricihrga '%‘ﬁb?ﬂ%pfﬁesw {}Fhﬂﬁﬂes as the

year of ab 1.S€ei: - 1y : r | all cy of
Japan_prod erai s dednt RO Sy BR IR mERARAT bFor AL W RRICY
for wast erstghsegshhidothelidedt 86dvid Bkan wadbd omipeoge nmiisriat £ viaeveyest.  Upon
taki ng account of the -3- above, devel opnent of insulating products have

been advarhedattdiiaticaonoin abbveirobatiosred ronlehingprednsiahfive beener gy
saving, prevention of global warning by suppressing CO2 discharge, and
li ke) and IeaNEE%ng. [0006] However, a nethod of recycling has not yet been

establ i shadnpg] as; é%b%@egkﬂ%ﬂltyo &0t Bgl‘ﬁﬁ@} icgﬂg}%éﬂenﬂ?@?r s (PE

cabl e covering nenbers used in 1nsulating products) r Ively uniformin
qual ity areaeepl€dieghtfobd tgrdepsx¥ Resimknenar gy athovévstriak pradudter mal
energy requires a burning treatment step so that there is the fear  of

har m ng gll’tﬂmbe@n\ﬁixﬂehmﬁly yaedi thoorevety thig bisnhendlid thne fPOFYtiesaR dént , a
10 variety of harnful substances and C2 are di scharged,in |ange_ anounts,
so that t HEFRERLGthes pEnPREoRIRARHY BraBarcamA Fannane rebmfliess Bee
above.; o Ool@zls dhYd fsolif‘ﬂgl(%ﬁp?x?%@d@r SFAkE s RMMMe Rf (IO R4 056 EAnsiglg ved

subst ances for each conponen or exanple, inorganic filler and organic 15
filler suadnhwdsonarthtaésolhictormdisked lilke asifhi nathereas thid pessibdityenf t han
the insul ating pol ynmer conponent has been made; however, an applyi rate

of the norlepssrg|of spbeﬂgféwymwmr qumﬁﬂléakh%m%mwa@g%%g%mi on

is small, and therefare a greater, part .is 0coupigd with n "
dependi ng %ﬂ?%qugf %@gglt&g?zm%%e%sgwgggg ilﬁk?)a% Erarnraff %#&F%B%gggﬁéﬁf 118
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polylactic acid-based resin) for the insulating polymer conponent is known
(for esanppmdRdienenCitatment Ipr theveselatingepvidondgnduiahl eopleadrationar e

t her nopl astic_and_ are substances whi cgﬁ{ end ,tlo rel ati \fel y readily nelt (for
exanpl e, rkisphespl A pbnpephets dends dpRa ravdlyforyeds oy gramplesat & g t hat
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usi ng substances derived fromliving organismis known (for exanple, Patent
30 Citati amn@)xheHokheder puaifjehydée prelwdien forvimmacdsminegregened and
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[0005] Additionally, many insulating products (for example, 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



t he conposition under a high tenperature atnosphere (for exanple, 5
environnent in which a voltage equipnent or the like is used). [00101 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 i3 known; however, such an

i nsul ating product is hard and brittle, so that its crack 10 incidence rate

is high in_case that it is ysed under a cjrcungstance where tenperature
change i s ahoves develpparafidnsy ﬁlagerﬁ&ef)}l%gfwe( %‘?ﬂ@gé(ﬁ&if@gp t3%e8hi ch i s
-30 Cor lower inegr I f. i i .

conduct or )aclcgu % eo(g %@Hﬁ%&”ﬁ?&%@?ﬁa‘sﬁ% Ry;ﬁg?&ggénrg%gﬁgﬁdﬂglﬁg p?? glé’{rl]chloP oOf

i nprove a QpBeK wANiIAEANRESupPreddifigl CRS di¥chREEEd)Grad i) rld raspilivig of
filler is carried out. However, the viscosity of the insulating nateri al

r emar kabl JJOOD§ed owevehat nzetduldf otientcling haagqdtifed Yern ebtgldishesaiasi mum
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a castpPn ,

degr adi ng BeAHLANLdD Yo 180 LA b P0G FOSMILARIL VBl raRR M gaality Bas Deen
ext ensi vel'y "general Ty known as i'nsulating polijrrrer conponent eting a

variety ofcothatagtiteristibes ad tisdrndsl sgeprneswesy, tiksthproalllgngrigysi cal
properties and the like) required fromthe viewoint of industrial

mat er i al s;relgoieyep, buryinggtnee tusem tast eapex tlat thexe et hp ifeav pf heratiag ed

her ei naft er ES to as epoxi di éﬁd .veg tabﬁe o] I?l. dEri ved tcr om non- f ossil raw
material if1°BRhERVIFORRENE HAdATtIQRATIY Al EHHX YRR EMROHES MRS EAk 1 ed out .
For e)i%npl\ﬁarigﬁp)éf 'a%ﬁﬁ'lfl'e{]tﬁﬁsg?eéé a3 en.LXA R Lhok kB8 neRXEd A8l nts,
veget abl e o1l "Itas been applied for a stabi'lizer for vinyl chloride
simlarly dotleppkheiezbdtlsoybeanof biakmihgweloba] entvitenhewtisinribadyitei the so as
to be long in hardening 30 tine as conpared with epoxy resin derived from
fossi|l ravwhaitesrial, and insufficient in heat resistance and mechanically

hysi | ti -5- that it _h t i . | ati
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undergoes an 1 ncineration treatnent, discharging harnful substances 5 (for
exanplie, efilicr Guekni @k dodr resom raadirehesdd ke epndanborordaexXilder)arthhertdarn ke
can be prevented or suppressed so as to be _able to acconplish a Ia{}ge

cont ri but i dre imsulasing eplymericesuparsHghas s mashe: o ey $iy 2AHRRP g

i nproved in he resi stance, ;insul.ati i ke [0013] It
P oved | S BB AR LT P BLERET 1 S PN ad 0073 Lt
as a technigugolRion WM AN, hhE tHeFehSid ¥ @batdiephis Wl akdwgied withhi ch
techni que cannot inprove heat resistance, Insulating properties and the

li ke, differmpbnknosndepanding tomestibstiahoes daduedtfioy oosposivimate®RI.OR ART
Cl TATI ON PATE Cl. TATI 15 [.0014] Patjent Citat.i 1: Japangse Patent
Pr ovi 0ona{0 GBI Addtnena s, L2008 95880 proste & adaphe PleoBBe L 10005
which is a patent. p heatizo - ~ . C I -2
Japanese PA %%%_F(#E@iboa%gld %usgﬁ g%??lg% 1ﬁgulaztbxa§p§§ggnge’}(?o(%ﬁ)g§gﬁgﬂ% [ 0007]
to [00111)kubixeN(fos cXaR@p RNPeblti CRAtIh 2B WbwdapgnthdPaikigradhbld on 3:
Japanese Patent Provisional Publication No. 9-259683 (for exanple, &0004] ,
[0016], [ OptEEtianard oldBhpplitih ansl areaubatamds wbach dandftozglabively
DI SCLOSURE CF _ENVE I(f'J\I 25 P LE TO BE, SCLVED, BY | IENTI % o
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



[ 0015] As di scussed above, epoxidized vegetable oil such as epoxidized

| inseed oil and the like begin to cone to the fore; however, it is too high
in viscosity to forman insulating conposition, and therefore there are
problens to be inproved in productivity (for exanple, operability and 30
formability) and the like fromthe viewaeint of industrial materials.

[ 0016] For exanple, in case of casting an insulating material formed of
-6- epoxidi zed vegetable oil or the like, it is difficult to cau&e t he

i nsul at i ndAR%R itAMRY 2tBre Akmpstherg af hophardinivet RPEETHIES 1BF t he
mold for castin S r 1.V { tJ L% [
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silica, 5 siffiRidia Medhaniédy lphkelcdlspiRadre dre diféiculstd bbiobgaimédbiyal ,
the viscosity becones further high thereby |owering a productivity. In case
of producithg @mpositic ungleprobigh tpmmerddd raatmeaphiaredfer examale; nsert
and/or the like disposed,inside the insulating product ai r sbubbl es tend
to remdin SOYIEORBIERT %’owlhﬁgli‘ & YRliP &R iG9gHB ?ﬁpélge iﬁﬁg HebReHcal 1y 10
physical RoBRBI U2 Snbhiditn a0l sk AhEatl-PUEEdnPAbbiy WAL YIR! 2
section corrésponding to an‘insulating constitution having m nute

st ruct ur essxatiplehadagragiag traesigbhahiihk (yefefrédderamudfaer bg apByust .
[0017] In order to solve such problenms relating to viscosity, it has been
devi sed t ol &ePCiar highprafromptbesdernpoidnpleheaturesistancsd isknatitig 15
material and the |like, to hi .l evel s;. however,, w,th.this SUE.e,

epoxi di ze %ﬁg‘f%ﬁlué:%o?? Bi4 '18561W%W§Fd\éﬁ’sarga??ﬁ@rnﬁ%%’r %(ggﬁl%ﬁbtrst%r 'Crlfg a
wor ki ng 1 i35,0i{H0le {réﬂ‘ee?s- hiAL 1 cukarthutiib 1§38 dt Hallet BecirdRMEa REe Wiere
insulating material to be Ctast is large and in case that the tine of
casting i Senopgratite semdanis béfarehdraneea hpilé herlidkpoky vadin (fanal 1y, the
20 technique as_disclosed in Patent Ctation 3 is different fromthe
techni cal $ieenglefonswhiabdsadiny esipuSrtinoresardl of ek EeHaa s tesden

lied. [0018] From.the above- nent i tters. it i i t. onl
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physi cal &&%E&ixﬁ‘g%@%p}rhee@ ke f rédigtaNhatl 1 GRENSS hHdPRg BUlargkso to

25 lower the viscosity of the insulating material (insulating polyner
conponent Jamouas dfdfillapioversiedr odudiowietyrt ther elscositiysdithe besulaltinhi ity

f the i | at i duct... MEANS FOR SOLVI NG THE P ILEMS, Th
Br eseﬁt | P;;@Z@i’lgg I’EQ@&%W@W%@%%@%arﬁé}'}gcb‘ﬁéﬁ‘”g%b‘il% eé@%g%‘%% §h‘?aﬁ
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insulting constitution of a voltage equi pnment, characterized in that the

i nsul at i ngfepal ofndegraalipgremtorksibehoxi di zed vegetable oil ester. [0020]

Anot h [ f | di I il h [
Ao e R TR T L SePer Sooes LSRR . 2 LBl Shel oBnglEtiget o 2o

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 oil 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



[ 0021] Anot her enbodi ment of the insulating material is characterized in
that a hardeni ng agent incl udi ng pol yphenol is blended. [0022] Another

enbodi ment of the hardening agent is characterized by bei ng phenol resin.
10 [0023] A further enbodi nent of the hardening agent is characterized by
bei ng bl ended in an amount within a range of 0.5 to 2.0 tines (preferably
0.8 to 1.5 tinmes) relative to the stoichionetric quantity ratio according

to an epoxy equival ent. which is | cul at.ed. from an oxirane concentration of
t he epoxi &?{‘fédttfhéﬁe?%tbb%e%iaip@ﬁ‘g?qr msyla pﬁo‘i“&?iisher embodi ment of the
insul atin i ] ' 4 [ﬂlé,dﬁl ' | ended as a

har deni ngqggggfe atx(#}%e%f‘?%@%ﬁ@%%i&%ﬂg%}fﬁﬁgﬁard(;in e %?rhgullé?g 30 phr relative

to 100 phraghohheeepaxi Bvzadf\eoaiaibeing breduer of EFbdiZe OveEHEabINVENTI ON
20 [0025] As di scussed above, according to the present invention, not only

cont ri but ivarddrgogada omcigleshtionetneiat oravgndisdransingtharmbuk swhsfences
sufficient sati sfactory insul ati.n ropertj eat resist.ancg,
_machan?_cal(# %%9&54 eBYéﬁm?%?la?h(gf‘Fﬂ’égﬁﬁgeﬁg%ﬁﬁﬁeg’ 83?%‘?1_?1(5]&0%( ea%nd
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material (insulating pg ynmer conponent) thereby making it possible to

i mprove alpegeluchtmbuyioniddithedbeld of irddilatiogncompoeitéon Hé beahg abild toy of

an insulating product to which such an insulating pol ymer naterial
conposi ti dv¢ iBPapyRd da heatDme sigiR NCARRYS We tars PreRer NgERm N 801895026]

Her ei naf t i nsul ating pol r materisal.co Lfion in a di ment of
the prosenPOLAThEs S Fo bRt sdtutr Ayt Aot S3in s PeteReS
enbodijgentcicg @ BNaN!ALdMHhiRAkYFR 10 MREeH & 2he GATBOS LY @ hedRsal A gl

t hree-di nensional ly crosslinking an insulating material including an

i nsul at i ngvhodhy teth rdgmeornanotaimptrénee hické randitaned, frovulaningmpudperiges
constitution of a vol tage equj pnent. As the. ahove-nentioned 5 insulating

pol yner copbsheilbie, didtarentifsemathptepvihailicld fgerintiagorampesyimn ed

di fferent i techni que in which nere epoxidi zed veget abl e
oil is appé%@W%@@ﬁ%aW for exanple, a vegetable oil such as |inseed
oi | or thepATENTCPEAPIONSd to obtain fatty acid as discussed after. The

fatty acid is epoxidized to obtain an epoxidized 10 veclJet able oil ester
whi ch 16s t[60hd] Hutlene Ciftatior 0038phatikee Hadeindi Breyivioged dlklicitioad¥er which

o1 obal _end0QHABREZBER Psamser [TEA 1ty GBaNL “hiehiect pefrotnibieebinat co
(insul ati ng yg&p&rti es, heat resistance, nechanically physical properties
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.
DISCLOSURE 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, 1t is too high
in 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



15 and the like) required fromthe viewoints of industrial materials while
being lowin viscosity thereby inproving a productivity such as workability
and the |i ke when applied for the insulating pol yner conmponent, as conpared
wi th nmere epoxidized vegetable oil or the like. [0029] [Insulating polyner
conponent] 20A variety of known nethods-6can be applied for esterification
of vegetable oil. Exanples of al cohol conponent corresponding to the

i SRy DY ST T o
the esterifhealiihen, q%}%wéﬁf’lgggﬁﬁﬂ?%ﬁi %ﬁiflﬁt@l%%ﬁid’cufr%w the! dof ¢ 2>

gl ycerol fromvegeta at” an Saturated or unsaturated state,
nunber (valsentyg, @f tkdt grpeducebdty iofnheprdstiigy is seeandblylorveteat.tiary) and
the |ike of each al cohol conponent can be suitably selected if they are
within a rahddiioneds tmeawgﬁattaelﬁrgﬁmoaﬂttqféﬂée rj ginate.niglica,

iti t .l ly..d d., 30[0Q30]_ A t abl i t f
exano! 8, eyt padud Bie S BUEHag i e Ind s B tBBt o nea by
refl uxing Ji@ﬁoﬁw%@bnﬁe@mﬁ?ﬁe} H3sh th%TeB?m&wgfl[y%g% agvadcepatan Wddor

vegetabl e oi'l i n"presence of kno aci dic” cat al (sul furic "acid or the
li ke) or bhasidudtapaly sislsoihgmprbideoypirdeided thith hinke)sexhdmdthl iesedsary,
by meking a variety of treatnments such as neutralizati %n (plt—)i L?Ij'lust%lng(?t),
di stil | atiomdogdbsr Akpslispesedpusids dre nyHating prodvatedy | ug ¢5 feadi on

(activated carbon or bl eaghing,clay treatnent nd the,like. [0 The
above- nenti% %raa%élétaafﬂogaoiSP%él_sattel¥‘sllliaﬁH§aQIif)rpaet%g@fsf%ﬁ@fl%%il%l[u\ﬁ%g?e

unsat ypat egh $&ehi Pi3peFiieFRAK dhaethd ﬁ%ﬁaf?@)ﬁquﬁz@r@ﬂgﬂaﬁmla@lyl ad aveget abl e
oil ester which 1S alnmed. The above-nenti oned epoxidation of 10 the

unsat ur at eskctdmt consespandbirg docanphéshding fconstixatpnehawing npendei de such

as perbenzoic acid (C6H5-00-00H), or the Ljke, in ich pyrification is
suitably cirrcbaresuttherehedeggading [ti}éaﬂ?jllﬂ%blt&@é\%ﬂn%ﬂtfam B%ﬁf‘&'r zed
veget abl e er_under hr.ee-.di i - Cr . nkd 00,10, i

desirabl e &(grlrﬁt e%‘%%/r g%ggﬁ’?\el %\%}C}}L%rs hfegﬁglggpég{lfl gt%gﬁlr?ﬁggflt?’l 1c%n’nlrf%\%|§)§ﬁncan be
applied fogediReditassttalor B nGORSY ek 8 n@f tedn pafd Birnesdorvaktibagngqui prent s.

By esterifying vegetable oil" to obtain fatty acid and glycerol and then by
maki ngsepomiadatisdrand keeilikd,he eigiotivedat hotvevhe widséhis messttreon, the

i nsul atin ol ymer conponent .can be .l owered iin viscosity wihoyt changin
an epoxy %@&éﬂ@ gﬁggtarl{ﬁ@ggg]ur{%ﬂgﬁﬁﬁﬁgf@gﬂ%@% 185 ,ref.}yﬁi]rorfwgg °
i nsul ating r 16 . i i d the

ke can o8 o TEe SATRRRGHED, Particalarblid LRte (LR Ao RAERE BRC " N2,

conponent s;phd18tidgar bl 2oenoya sl Zeldrgegatdbh eask thesthe tilh@QAFdasfing t he
filler, a variety of fillers applied in the field of insulating conposition
can be appls kag,ithevwmpchinglifipbesonfest fuarther sdoraradditippallyathsi na and the

like. A blending rate.and the.like of this fiJler. are itab et, .
accor dithg 1RGP AR LEAeR b or Shara Cnpub e Fofatd rh B e Fibmigal o
degrading fL.5pgF3ARILLhYa ARG do2h FBYItddd ¥nld et B s R &N dbRg eamOUNt
of the filler I's t60 RUCH,
[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 (insulating 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



-10- [00351 For the hardening agent, a variety of hardening agents which
can react, for exanple, with epoxidi zed vegetable oil ester can be appli ed.
Exanpl es of the hardeni ng agent are phenols such as pol yphenol (for
exanpl e, phenol resin) and the like, am nes, acid anhydrides and the |ike.
5 Concerning the blending anount of thi<-hardening agent, for exanple, an
epoxy equi val ent of the epoxidized vegetable oil ester is calculated

(cal cul at eid froman oxi.rane concentration in cas o{;. epoxi,di z fI i nseed
oil), and EABh SPHANAR H H@lyg@%eowoeyeatdmfﬁ?foﬁsﬁ g aBditsea fYedpRndi ng
on the e ival eI ¢ : : '

anount o?q%{*%t}?@g a |n\%2{ttu§ﬂgh ?’?gibééﬁ@ggrgter ugbquangﬁ%grﬁg%ﬁwlsﬁghbg tg:aendi ng
rate of theshdideagi pyagantoraontatsyidpaxliyizad vedatabixafipbeeraccording to

the order of priority in physical properties required for the ained

i nsul at i nd 0p26d v otHeaos8podiienit sdhieyepexidizedvgsefakiadiil iegeer ¥an be
suitably used for .the. 15 purposes. of, .for exanple, inproving workability
(for eRanyl ,T%H%W%‘Eim’gbgl%’g?lﬁe% 1gpddt yat‘ir’:’@-nke), formability, Tg
char act er | pobqs A IEHIAL Y ' QRS L hatekBatik GBldagtHhysd cal
properti es[%tgr%g?t%e [ Q%Iﬁf%ﬁhm%c)é%hf;@c?eﬁ ng alccggl ear at or 1(Sstarti ng point of
har deni ng ief tHay 8énirdenaggrigeritoncéxaimd eolwslpamlcspeemdede, am nes,

i m dazoles or 20 the like), reaction retarding agent, reaction pronpting
agent (forl00RE] pAmpidrar onbedimenitiafndier baedewmy Fgenhis 5@%@?@?%@%
per oxi de qgr .the Iikejl) and the |like can be suitably used in conbination.
[0037] O RAEFBRANECY F£% Rt s enbodi ment is essentially owing to the

har deniyng [R@eal. A 3&&&4}%&%&&%&%%@ Hﬁﬁ&ieﬁfﬂg@ééﬁﬁ 16 @RAPhcHRPi AR bﬁe

af fected by a hardening condition and by the presence or absence of t
above- nenth&ineds lkadédnimgn amehat atithin mesaigoof 06t to 8ithgimgefprefeeallyi on
pronoting agent and the |like. [0038] For_ exanpl e, the_ hardening condition
(t enper at 08, to 1 Betimes) tedativRdp the stepehigmyeldde augndHayafie Rec isckH

properties of the ainmed,30 jinsulatin .ti0 i t abdy
set accor dtHGPPSY AR AHGRE ‘grbdg}f‘ hé C%&e“ﬂ%?%(g?ﬁ%uér}% (O%g %Iﬁgé@(fiﬁgéregjet%?wéﬁ bt
accel er at ofhe ehHxMRLEN VeBRtaPIYSIl ke Pr Operti es thensel ves do not make
their large ditferences even if the hardening conditions are different.

Addi t iignal 002 4] eadtii tdre raemdloali mteirrtgo faideninad tike matzeialors ¢karacderigedgent
are suitably applied to raise and nake the reaction safe .(suppressi t he
reaction) %thﬁ@ns aeplgdsddlen ean"ﬁ‘r éﬁi“i‘ﬁf%iﬂlga‘lﬁqe?‘ﬁf‘,toﬁHg}oﬁfgl%ir@?‘ﬂf}pgnd t he
li ke, in whigh. t siccaly or i pg[’@ -wheir | arge
differ ence@ltgvgnggﬁggéedfﬁ@%d@ gﬁgjrl%ﬂl g‘%l&lttng r(gltlggspol?xo?ﬂgh?er%??ll%%%u )

accel er at i fg-AG®M¢ odNEstiche reaction retarding agent are different. Further,
the reaction pronoting agent is suitably applied (for exanple, suitably

appl i ed 10EFEBCTSNGH THEINBVEMRIQY condition and the kinds of the

har deni n ccel.erator and the |ike, and the bl endi ng,anount) to adj ust
react i4% tg yﬁ)(ngj’r] ‘éi%‘?‘@,segd?h%?’n%“?ﬁa%rtaé Qrf?rsetsiegg Py eBi\é’é"J’fO%p@Lﬁé'xi de)
simlarl : vie- i i i reaction
et ar di ny Sihirdbu RIS RAL AR ERbAREM BBAER EhR o TR Al B ke

their | argeu@idibatenepssuesry inthikitkhgdgopadtiokehdhngesiateacefl the
reaction pronoting agent are different. [0039}_ [ Producti on net hod]
The i nsul amiesh amac=ity aihwsacalbpraprrdiercangytheulikaman be @bdpieed 2n iddus

Cr eat mont IR B TORoFHaHE FENILEgF VA (e, v iThe kR ohaRny BhetE = T
0 LS ek L A TR e g1 R
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.



i nsul ati ng conposition. The conditions of the above-nentioned mll
treatnent, agitation treatnent or the |like are suitably set according to 25
t he bl endi ng anount, kinds and the |ike of the various conponents.
Additionally, form ng conditions can be suitably set, in which a variety of
form ng net hods such as vacuum casting, -§ressure casting, transfer casting,
injection nolding and the |ike can be applied. [0040] [Exanples] 30Next,
Exanpl es of the insulating conposition accordi to the enpodi nent . will be
di scussedf)[002i$-Tlp@mkz0ﬁim§p,t 1381 M Hatne PHP&?%SFénit%a OBRoSHion
epoxi di zed,l.i nse 0j4l Q| -5 ﬁgg- i 1 :
Industrieéﬁnff%?§qﬁ?h@ﬁ%gﬁaﬂggahryﬁg%gg&%# egﬁg?ﬁggggé%e %g§%g§?g}ifying

linseed oOijhc(wg 68 nRY: 1 XERS0E0ISE HOE Sinip@Me ntasn U $Rd 1ile andan®athfo106n100
phr as insulating 5 polymer conponent. Phenol resin (phenol-fornal dehyde

t ype novolialsul BRgHRBItifrtocnoéd bylt8griapnpnBakelAs theabovetmentipaedused in
an anount corresponding to the stqichionety.i uanti ty..as ,hardenj gent .

| m dazél e lpﬁllé%ﬁyllg-HQIIW%FOWOGétiBPE(a%%‘AﬁEﬁ %}%SBEE@Iﬁﬁdéfﬁg?gﬂhP%ﬁﬂm cal s
Cor por ati an) i pdagee i : | erator. '
Silica (N%fé-%y@r %%E@ggkgrﬁ?% su%lrgé?g%rtlé? @g\@vatgaﬁge [ iri\hg‘g%%gt 1le‘ce(rflgarmunt as
filler. Theyg:a8paMd Vv¥getuBTBAIEMN apyeicel. IBpwdfitolipbfa exomyds, £tvegetable

insulating materials to MO as shown in Table 1 nentioned bel ow. [0042]
Concer ni ngiépuxhdis dsepdsabardhie leke ds esterified & phtaia tedhplacidasst 15

cl ass, produced b unsej em cal. ,Co., Ltd.) Jjn an anount of .120 % of the
st oi chi o IISFBSa?fialﬁ%ﬁryﬁg}?gpas‘i?yfaﬁﬁésf&od‘“?‘i'l)quf(ﬂ f’ﬂt‘a}l@ AiEF %D 1759ced by
Junsei, ,Chem ¢al : o] fod fypof the stoichionetric

guant iltoy \;\e‘/ég}é&gggée)gllt%ét%ﬁewbgbg%eﬁzé%p%n% t hen underwent reflux at a

boi | i ng t impersdt Dhe epoxidiecdt vasnhbl € oilhestebywhhttainobtpinked epexakimed 20
linseed oil ester. Thereafter, perbenzoic acid (first class, produced by
Junsei Chesteaifi@dion lamdl pppridaticrmattony degs nebharRe 28%A chi ometri ¢
guantity was .added t

o, t he,aboves:nent i oned ,epoxi di zed d j;nsee i.l. ester

her eby” 0Bt STMPHG THeP AT A6 SUBT BTG o Tecbd ab| 5 e AP HEpfisficS
Addi ti onal ¢ suiiﬁn?rﬁ%@erfi%%ﬂ Mewtsellgaded, bR pIfsidal dfties
quantity relative to the stoichionmetric quantity ratio upon calculating the
epoxy 1equi yad ehle fikehrédeired frane thendewtpoahtsoof ofdudieriakectiensalbarhilg
pol ymer conmponent. . -13- [0044] [Table 11, Insulating material

being low in viscosity thereby improving a productivity such as

workability and the like when applied for the insulating polymer

component, as compared with mere epoxidized vegetable oil or the like.

[0029] [Insulating polymer component]

20 A variety of known methods can be applied for esterification of
vegetable oil. Examples of alcohol component corresponding to the
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

25 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



M. M M3 MA M6 M6 M MB MO MO Epoxidized linseed oil (phr) - - - - -

100 100

10

15

20

25

30

mentioned above together with vegetable oil 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
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
the unsaturated sections can be accomplished, for example, with
peroxide such as perbenzoic acid (C¢Hs CO-OO0H) 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
the insulating composition which can be applied for the insulating
constitution of a variety of voltage equipments. By esterifying vegetable
o0il 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
equivalent.

[0083] [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
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
the fear of degrading dispersability and formability in case that the

blending amount of the filler is too much.



Epoxi di zed | inseed oil ester (phr) 100 100 100 100 100 100 100 100 Phenol

resin (stoichionetric quantity ratio) 1.0 1.0 1.0 1.0 1.0 1.0

10

15

20

25

30
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[0035] For the hardening agent, a variety of hardening agents which can
react, for example, with epoxidized vegetable oil 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,
an epoxy equivalent of the epoxidized vegetable oil ester is calculated
(calculated from an oxirane concentration in case of epoxidized linseed
0il), and then the hardening agent in a stoichiometric quantity
depending on the epoxy equivalent can be blended {for example, blended
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 insulating product.

[0086] Additionally, a variety of additives can be suitably used for the
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
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
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
insulating composition (for example, suitably set according to the kinds

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



1.0 1.0 1.0 1.0 Imdazole (phr) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.04.04.0
Silica (vol% 40 45 50 53 56

.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.
(00391 [Production method]
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.



60 63 66 40 43 [00451 Then, the above-nentioned insulating 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 mmx 200 my). Upon this,
observati on was nade as to whether the insulating conposition could be
formed (cast) or not fromthe viewpoi nt-18f productivity, while vol unme
resistivity (Qn) according to JI'S K6911 for insulating properties, Tg 10

(C© accordi TMA et hod for .heat i st , d fl St i
e O S e o ST RS AR e g AL AT,
bendi ng t gy, ;a0d. |- BEAM, RRAT! 6f Diefllial tnd0B)rigecptdhng to TMA
nmet hod wer & réespectively neasured. Results of the above neasurenents are
shown in "\%M:ﬁd?-zed tikdecl QANEEtdrTallAn2l bsetkrifidulathagedraile(graluchld M2

M3 M4 Nb
by Kaneda Corporation) was used in an amount of 100 phr as insulating
5 polymer component. Phenol resin {phenol-formaldehyde type novolak

(PR-HF-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 (2E4MZ) 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
quantity 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
quantity was added to the above-mentioned epoxidized linseed oil 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.



Condi tion of casting Possible Possi bl e Possible Possible Possible Possible
Vol une resistivity (acm Over 1.0E+15 Tg (O 112 114 113 112 114 113
Fl exural strength / 20C(MPa)

.13.

[0044] [Table 1}

Insulating material

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

Epoxidized - - . - - - - . 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
5 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 in Table 2.

15



130 133 135 140 138 142 Linear expansion coefficient (x E06) 28 27 25 24 22
21 -15- [Table 21-continued Used insulating nateri al

_14.

[0046] [Table 2]

Used insulating material
M1 M2 M3 M4 M5 M6

Condition of | Possible | Possible | Possible | Possible . Possible | Possible
casting

Volume Over 1,0E+15

resgistivity

(Q-cm)

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)




M/ MB M MLO Condition of casting Possible Inpossible Possible Inpossible
Vol une resistivity (m Over 1.0E+15 - Over 5.8E+14 - Tg (O 112 -

_15.

[Table 2]-continued

Used insulating material
M7 M8 M9 Mio
Condition of | Possible | Impossible | Possible | Impossible
casting
Volume Over - Over
resistivity 1.0E+15 5.8E+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

5 as the insulating polymer component, the viscosity of the insulating
material was too high so that formation is impossible or difficult as the
insulating material M 10, 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,

10 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.

15 [0048] In case of using the epoxidized linseed oil ester, the productivity

was satisfactory without suppressing the blending amount of the filler as



98 - Flexural strength / 20C(MPa) 136 - 123 - Linear expansion coefficient
(x E-06) 20 28 25 [0047] As shown in Table 2, in case of using nere
epoxi di zed linseed oil 5 as the insulating pol yner conponent, the viscosity
of the insulating material was too high so that formation is inpossible or
difficult as the insulating material Mt06- if the bl ending anount of the
filler was suppressed lower as the insulating material Md. Additionally,

even in case that the bl endj nmount, of. the fill ) I ,
10 T nsul atFagnidpbre eetanel S SralpSrigkeanaalathastiomet B teRbugh
sufficient I.C [ r.t i ' ' | ati
e e R T e e e S Rl
ai ned; hovieyan) Broa®¥ReSidsiudty §ixchesudeddver itwasutinirimkd, biyneagslyéxpansi on

coefficient could be obtained. 15[0048] In case_of using the epoxidized
| i nseed oitheespetidizdrk vpgethldeiail eyter as the insulating polymer component
5 asin the insulating materials M1 to M7, productivity becomes

satisfactory while insulating properties, heat resistance and
mechanically physical properties become satisfactory in the insulating
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 in
Examples). Accordingly, it will be understood that a sufficient
formability can be maintained if the filler is not blended in an 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

90  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 be

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



was satisfactory w thout suppressing the blending amount of the filler as
16- the insulating material M), and besides insulating properties, heat
resi stance and nechani cally physical properties were also satisfactory.
[0049] Fromthe results discussed above, it was confirned, by applying the
epoxi di zed vegetable oil ester as the i-a%ul ati ng pol ymer conponent 5 as in
the insulating materials ML to M/, productivity becones satisfactory while

i nsul ati ng properties,, heat.resistance .and hani.cal | hysi cal] properties
become satl?’%eﬁ&@ttdpyephmﬁ’hg\d‘igkﬂ%l'Ylgl%&ﬁr?pﬁ’gﬁ?%ﬂ? cggr%%ﬁibéfgac i th

appl yin r ox. qi : i 14 d4ller can

bgpb%liangen%laﬁl n éairlrgL%’?aﬂf%?%ﬁgb%&?%ﬁagﬂﬁ%ﬁgﬂﬁﬂm@négﬁggggﬁ% ed in the
field of iglguhati ng conposition (for exanple, blended as in the insulating

materials ML to M7 in Exanples). Accordingly, it wil]l be understood that a
suf fi ci entlO0&BkelnY exymeade, Hee mikimaicaadifipnsnbardenisrs candidiony apddds n an
excessi ve unt. (f.or exanpl e, , bl.ended as, i,n.the insulati mat er i al in
T8 Exafipl 25 OF hOSPu AR RALSHAL SERe oINS AT S0 FhE AT e are
sui tably ofefelgs} ' ' L{%16 TPESidri & o PaMBtEhri t was
confirned%?%gggggéﬂ?ggaFggfEﬁﬁgﬁgﬁg?gﬂﬁﬁtg%h%% %he insglatiﬁb %atéfials ML
to M/ coulgrhponbhed (¢t hyrdéend ageno/ yphdering acexiepatwunfilldrt dmd the a
range of 0.5 to 2.0 tines (preferably 0.8 to 1.5 tines) relative to the

st oi chi ondikek iguahich yhextare, netolimpded e tdre eqnrteartss V‘zlédn\%get abl e oil
ester. Additionally, ,t.he kinds.and bl endin moant, of. th I i

accel er at gﬁx?g“ P Mﬁf“g}"g&ﬁyabﬁ ¥ %@t’?r‘?lﬁt e &f%ts\lxslaléﬁ%%ﬁpgrtﬁﬁgé ?ﬁ%?”’t he
resul by siif 18 HxuhPRSEcAR Heboiannehalveitineheéd Mifertla barMiycsul d be 25
obt ai ned al so 1 n case of blending imdazole in an amobunt within a range of
0.1 to 30 phdit{psefforaxample) domisnahts) otlerititaphhosé inbechoaingileed

vegetable oil ester. [0052% As_di scussed above,, co cerningﬂﬁhe Present
i nvent i on, axhenially hleaded wdbipferanae v ioretharchasactesiztics ef thanpl es,

it is apparent ;hy 30 the skilled.in th £ ri, : d
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techni cal &@@@e-%eﬁﬁ%ned%oxﬁﬂ%ﬁ*e%éﬁéﬁlbicﬁpest‘ﬁgh@rﬁ@ﬁiﬂlg’agiehtj s a mtter
of course that such changes and nodifications belong to the scope of the
acconuanyi hgrdémimesacddobdjorFand dldempl e, the m xi ng conditions, hardening
conditions and the 5 |like of the 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 shown 10 in the Exanples can be obtained even in cases
where a variety of additives (for exanple, conmponents other than those in

t he Exanpl es)



are suitably blended within a range where the characteristics of the ainmed
i nsul ati ng conposition cannot be degraded, in addition to the
above-nmenti oned epoxi di zed vegetable oil ester, hardening agent, 15

hardeni ng accel erator and filler. -18- CLAIMS [Caim 1] An insul ating

pol yner material conposition which is -18btained by three-dinensionally
crosslinking an insulating material including at |east an insul ating

pol ymer conponent under heating and Etf‘ﬁézﬁ[%m an insulting constitution of
a vol tage equi pnent, char act ert that the insulating pol yner
conponent [i(§,8R0X] di Zeth YRORTARh S RIY RSt Blate Gl 2o pdAfionN Wi el 1§g pol ymer
mat eri al c[lom%glgll t]| on as cﬁglﬁmed ?r@& d gi ?nll, char acterni ze(]:] I ﬁ that the
epoxi di zedoimagrtatetloide-dihensiendllgpossdinkihd anseedlating n@tariml 31An

i nsul ating polg_rrer mat erial conposition as claimed in Caim1l or 2,

char act er i meduiling patleashanpdasuhatiagerelymmey cempgnssltypHsoherting @hded in
the insulating.mater.i al .,.[Cl aim41An i nsul ati,ng pol yner nateri al

conposi%ti olhseafgf%xi ﬁfl_r?\?ﬁuilﬂ §5°‘tﬁsaﬁ"rﬁ%?n frfyi%fttg%faze ! rrlnefrhtat_ t he hardeni ng
agent is phenol d}%‘a@teﬁige&'iﬂ‘éﬁa%”tﬂé‘ﬁ&&ﬁta!tﬁg% E@lm@k Bl Ssh @kt ROMposi tion
as claimed in Qaim3 or 4, characterized in at” the hardening agent is

bl ended i reoxidimathiregetdble @l eatgge of 0.5 to 2.0 tines relative to a
stoichionetric quantity ratio according to an epoxy equival ent which.is
cal cul at e (1Pem 2D an A iNEHE SORGAY IR BtEF Al S TR Ty B8 %@%%iane oi |
ester. [Aaj.m61An,in at1ng - K i [+t11.0 jmed in
any of d aﬂ‘%mi]lt' &hﬁrggk%rrl 4% éﬁ&% Ihﬁ%%ldﬂﬁ%%%?éél?lg (gll g%a%dﬂas a

har denigng @sealdesad Pinde@dasilanount within a range of 0.1 to 30 parts by
wei ght relative to 100 parts by wei ght of the epoxidized vegetable oil
25est er, ikChaim Bhsul adnngsnktfengglialymer 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 Claim 3, characterized in that the hardening agent is phenol resin.
[Claim 5] An insulating polymer material composition as claimed in
Claim 3 or 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 stoichiometric
quantity ratio according to an epoxy equivalent which is calculated from
20 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
hardening accelerator in an amount within a range of 0.1 to 30 parts by
weight relative to 100 parts by weight of the epoxidized vegetable oil

25 ester, in the insulating material.



