1 DESCRIPTION Title of Invention NO\N HALOGEN FLAME RETARDANT RESI N
COVPCSI TI ON AND ELECTRI C W RE OR CABLE USI NG SAME Technical Field

[ 0001] The present invention relates to a non-hal ogen fl ane
retardant resin conposition suitably uded as a coating |ayer of an
electric wire or the like and an electric wire or cable using the
resin conposition. Background Art [0002] In the internal wring
of OA equi pnent, such as copying ey @Rd printers, and

el ectroni c devices, many w re harnesses, which feed power and
transnmt signals between printed-itlkeodinventiomds and bet ween

act uat or o NGNGHAERIEN ARG AR By RSN ERip o SHICN AN R B I

a plurality of electric w rggreroRrabARBE®RING tANEt her, and
term nals, such as pluggable connectors, fitted to the end portions

of the wires or cables. In view of flame retardance, electrical

i nsul at i 1 i ke, PVC electric wires including polyvinyl

chl ori deﬁt%]%gmg?@n insulating material are used as electric wires
for wre[dmnesses. Since PVC electric wires have excell ent
flexibility, good manageability is obtained even when forped intpg,

Wi re har nessekhe prgsankapeptien reldteste amgn-hajegen flapeptaglanhiesia cogrmositivant
strength,,.: I i : i .

sl at of B SeH e ERafi hych dFn Bechicite BNGIERIPH ABR sifor cable
el ect ri cusing €= rasiueompostibent fitting workability in fitting

i nsul at i %n di sgl Scement connectors to the end portions thereof [0004]
However , ackered el ectric wires contain a hal ogen el enent, hydrogen
chl ori defdipased toxic gases may be generated when used wire harnesses
are subjected to incineration treatnent, or dioxins may be generated
dependi ng on Inihbe imanaleriaingod QYoegliipinonts suchias copyiisg maphiogd and printers, and

Therefore, under, t.he requirenent of reduci envi ronnent.al. | qa PVC
o ot - cEREar Lavies: BETY LR Tafes s M rrdthoR e Raar sendlé Bervls
[ 0005]  printed chrchi® 6&4Hs XRBbdEwedprdfte@Eiré 10t PReds dndeldcRehRaDidneasBnech
for reduction in environnental |oad, halogen-free electric wres

usi ng a BDSENBYTY, achitatar.andipriersdgyedisetbt contain a pol yvinyl chl ori de
resin or [M#ggen- based fl ane retardant have been devel oped. In the
meantinme, €lectric wires such as insulated electric wires and

i nsul at ed cabhagirdisetksh diclides aphahli ofichgirf wiedsastcablas bowleMogeaBer, aid,
in general, required to have various_properties conformng to the UL
( Under wr farminals, serdrastpbugeablecqpngeters, tg dhe epgpogionstod thpawies Qiisablepy

various g {?igﬁr' ' fifhe EMEdNES dd AT fn%hl%fi&%%ﬁ {théﬁ‘ﬁ?etép@icﬁélé’c{t{iié Qtres

properties, [ow tenperaturé propertres, niti tens
properti ashwiink pdApsinylechbsrijed PV s ah ievuldtieg tnaxgiah greafsediacelattringvires for

et e Al e B Rt il Srited hive exaront S Sod hoagdability is
obtained even when formed into wire harnesses. Furthermore, since PVC electric wires
have sufficient strength, no problems occur such as breaking or abrasion of the insulator
during installation of wire harnesses. Moreover, PVC electric wires have excellent fitting
workability in fitting insulation displacement connectors to the end portions thereof.
[0004]

However, since PVC electric wires contain a halogen element, hydrogen chloride-
based toxic gases may be generated when used wire harnesses are subjected to incineration
treatment, or dioxins may be generated depending on the incineration conditions, which is
a problem. Therefore, under the requirement of reducing environmental load, PVC is not

considered to be desirable as an insulating material.



Regarding electric wires used for insulation displacenent contact or
crinping, it is necessary to route wire harnesses inside electronic
devices. In this process, there is a possibility that insulating
coatings of electric wires nmay be dana@ed or broken, and as a result,
the electric wires may beconme defective. Therefore, insul ated
electric wires used for wire harnesses are required to have high
cut-thro Sf)trength. [ 0007] Japanese Unexam ned Pat ent
Applicatfon Publication No. 2002-105255 (PTL 1) discloses a flane
ret ardant r esinrecapess,tin ordentt whetitheineckasing delnendfiprediction iresi n

conponent prepared. by bl endi n_elastoner, such as .
ot hyl eneSBHEEH ngqaﬁb%?ge&rf?%@?%%wm 5N ACOT g BAerigthgt dges not
pol ypr opyh:RM8 alfivinyl 2Afbride 1BERbr KNV AlRsQEALRE rddart Ma A5 Ml Bobbe

t hermopl astic resin conponent. Filler acceptability can be enhanced
by bl endImije mxaniivastlestae witgn sudhtasiinsuldtesbelearis wdess end insulateldaables used

S R R
el ast omegenfbigiiay @F the MG UiciREiRFS BAboRasriésOMc WeRhd4r8§ 1 SIRGE sRngariow

strength agai nst nmetal edge (cut-through properties) conpared with
PVC. \WhespesHy aprieupiropastiprp sechtas flameretpedanpe dsatpligpaionipseperti¢selavhi | i ty

decr ease [ i f s t A LS.
wni ch i srnshieaktirtlofid B R date Rl Ras R ARRIe: B npine
Appl i cat obacdAtipk neadriabnwiNoh aRGOGurireiGo B34ulfiREd by pradiusi) oses a

non- hal ogen flane retardant resin conposition which includes a resin
componen 098kt ai ni ng a pol yam de resin or polyester resin, a

pol yphenyl en 5 F - = lis s
resin, and ae%l rog%ﬁl-eééggﬁ?&gll%gn%fdgg?sgr gﬁtd. ;?Elﬁllns%qﬁgﬁgt ﬁjac?gﬁﬂ it is
pol ypheng¢cessmretorentebaisebhrnessesinbidy legtranit deiceso d lih thss pocedsathtieds &y

and a soft styrene-based el astoner. having hi el ongati op, ,and Qy
further RYSTIONGY ks %twggoiia}gygﬁ?lasﬁwg %Is%h%$w%€épr Piskety apflee
IS a cr yakahlthOBlebtRs v Rthy M6 e QBRCARL. NUE{cR 18R, AUAUET SR SRl
elasticity and retain extensibility even at a tenperature equal to or

hi gher t frarwitdlmargdssessare regnied toohmve digheugithrough $ttength. possi bl e to
obtain at;b iol?];ul ated electric wire having flexibility, wear

resi stan eQ nd strength agai nst netal edge equivalent to those of
PVC. G tati onjabhriese Babedhinkd Paeat ARich@8DBIblicatidilNo 12002219308S EPTL 1)
Unexam ned Patent Application Publication No. 2002-105255 PTL 2:
Japanes edigplescar flraes Ptardat rosppearepasiton Wiiph inshidesa thiagmoplegs: resi9234
Sunmmary V. ' I.Ggal Pr [ | nsul at

ol ect 1 cpREREbreted B Wi o BRIGHE 288 X stmten ol S aGaher
cut - t hr ostgfenstbuedphb rutstied with 4 olpgepsieas yesing ahd g hedd Gylhe Isdatedngtih
conpared to existing insulated electric wires. At the sane ting,

i nsul at eknesfed vith dhedhewaoniastig ressn prraponcaly uitiberaseeptailityrgap g enhanced by

tard . i . i i .
ot andar doen g Sle EHELARE 1K) (RGBS balh AL b ks
concei vafibxdbility idegiongatioay geruaivn pndcesdabhity and flameeetamlancd byedynamically

mat eri al havi.n hi. gh nodulus of elasticity, into an insulatin
mat er i al YVF#HUE, gﬂ& eé%,tonfl‘?fer OMEVEL ﬁIBfitFP%l)}w[S E%‘Y Weapigpisignce and low

el ongat i @fonciiladifst metl Bdge (cROBARh GhERIRLS) OMBLEE WilhGREC 20WHZn allRY
be decreasen angg tshus unagrfl(g to et%lrt he lﬁE stginrdarclis. Further?mre,

| n vi ew aifengpinsmeadoto ihiproveatheslpropares, Sexibility dedreases, mesylthng ibradassof

[ 0011] Accor dingl it is.an. object of the present invention to
provi de Bal%cﬁhffﬁ'm?&éﬁeq?%gwe?’é’fﬁ%{&ﬂﬁr‘?’tﬂrf’ ™ conposition which has
excel | enfopgephani cal strength, such as flexibility and wear

resi stance, excellent flane retardance, particul arly excell ent

cut - t hrough prspermeteslapanse {ngsimmed Paisgbdpolivapion Beblidation et PE43si ng
169234 (PTL 2) discloses a non-halogen flame retardant resin composition which includes

a resin component containing a polyamide resin or polyester resin, a polyphenylene-ether-



4 [0012] The present invention relates to a non-hal ogen fl ane
retardant resin conposition which includes 100 parts by mass of a
resin conponent and 5 to 40 parts by mass of a phosphorus-based fl anme
retardant, in which the 100 parts by mdss of the resin conponent
includes 30 to 85 parts by nass of a polyolefin-based resin, 10 to 50
parts by mass of a pol yphenyl ene-ether-based resin, and 5 to 30 parts
by mass s VT, - é?edli:- d (VZe) I 9%%% in
i ncl udesﬁéasr?aét Iill’laglﬁg-sgrqopy %%gél%gﬁgﬁe%bﬁ@%?ﬁ g@%ﬁ%?%e u%f‘%aglﬁa
nmet al | ocByenicatged yad pblyphérey] awetindr-baged®sih hatdgabvglhmasdulue bbtlasteity and

the entire pol yol efi n-hased resin,,.and a bl ock copol yner. . )
pol yor oph P eterertast iR Ens A WA SovestisTosu BY Frgsein heifis
the entipeiyRRldeakghbPpbBegs a8 WhidlGs @i stallind 9h3hd which Jéi'lerﬁaintain an

pol yphenyl éne-et her-baséd resin is a hard material having a high
nmodul us adequhigsnednlusyolaiastioitnaid retmpertensikibty ever apoteynderftun-cqualdad or

resin has. excellent flexibi.li and can.i nprove hani cal .

br oper t | Bigneren FR g drpdlion mBituRon i BRSGy Tt B BBt cleotic
f1exibi| i havtheRekiHiStyORe R rOEQamERPAld stiéngtBltoaidkSRetaPEdse Bq@ivaRnt to those
conmpati bilizing agent. By adding a conpatibilizing agent, the

pol yol ef PhE¥&sed resin and the pol yphenyl ene- et herbased resin are

m xed w . pther satisfactorily, enabling inproved mechani cal
properti Eejgf?ﬁfrgg]fﬁ] As the polyol efin-based resin, an

et hyl enePpenplyiteesares andom copol yner pol ynmeri zed using a netal |l ocene
catal yst _(hereinafter, may be described as a "netall ocene random PP")

and a bl 91:opol ynmer pol ypropyl ene are used. The netal |l ocene random

PP has uni flogﬁwTT]g‘[?!e %@%@_&%ﬁg}%ﬁ&e@@%ﬁ{ X@ﬁlﬁ:&i dﬁ%ﬁ%icaﬁ&r@ﬁo?ﬁ%ﬁ%ﬁ@' |

amount s of conponent’s an OW- Crysta

conponent s. TREL &f upenest ilmermhmked BetencApEivdtion Piblicatibh Bhoi BO0S- HGP23Hhas
excel I ent, heat agi ng resistance, thus being effective in increasing
tensi | e BY'GHERL P Vg‘?ﬂfnt ensile elongation after heat aging. On the

ot her hamghhntddePRIbREK copol yner pol ypropyl ene has a hi gh nodul us of
elasticity and is effective in increasing cut-through strength. By
usi ng t hE0i8} al | ocene random PP and the bl ock copol ymer pol ypropyl ene

at a specific rati s, the. pol yol.ef i.n-based resin, .both cut-thrqugh
trengh and PeneieR sRErisgaR e EFouRe RS R PSS el s
Lhe DO: Y%@ighlnst@ﬂgtﬁgaﬁcﬁféisﬂ}[eﬁ&sﬁaﬁdﬂ iiﬁcir&ige 3303 s&tgﬁgﬂl\és‘@rr%)gffg% eﬁistingAinsulated
o S3eagdonon e B e SR oo o
retardan i AW cor.di ; I.m: in keh fh

pol yol ef ??\Iglgzéstgrggﬁ%gﬁ%t%s?#ﬁgg’ @H&%&Bglﬂr%@d%&x}dg §/ng y%t%%tgalr%she II|1n

t he anousidepfo inbfch tROYathiironah Stréititit Meoheivdbée ®rilérde large amount of a
pol yol ef j n- based resin. By further .incorporating.the |ow density

pol yet hyh&danaterzlsia.« BpisHakhaveg ahah modaluset élagfri@'a% rgmansplatieg es
af ter heﬁfate?ﬁbn Qn%g]g%g) fridfd 18 %@o%%@[i%tﬁ%tg%%%é&ﬁgq%a‘gﬁ% ir g?féir'a%%ﬂ?érﬁﬁe .

according to aim fates t resin
conposi t elongaimaafidr hept tging) mayrbd danedded ainbthas tirable edmeet thd 1 standards.

styrene-pased el astomer js a bl ock copql yner, el ast onmer of styrene and
a rubberPE‘BlF'Fﬁ’Ei'ﬁé‘?a nVigw éoPﬁ"é’t%rtfﬁc}P’é%%lgﬁﬁé‘étﬂa”éF%{ g}?g&)eibgolgnm ock

copol ymegooqll}astomar of styrene and a rubber conponent, conpatibility
bet ween the pol yol efi n-based resin and the pol yphenyl ene- et her - based

resin is inpréceddinglydit is an abjeu o thslpeesent inberdion ta preasdan sonhadegdn flame

havi l,l ent .nmechani.cal p. ties. [0017]. i
hecor di AR e PP oe R R e R sty e FRRRE B
conposi t yNwaaGedisthng, &t Rk @farﬁn@é,'ﬁrtﬂeulz@ly%xcéll@i @aﬁ_ttﬁfduéﬁd in
that the pol yphenyl ene ether is a polyphenylene ether resin wth

whi ch popippesfiearaaditensiie plongatemdueaperts wsbliying the Uottgrslaedsy pnshie psetide an

electric wire or cable using the flame retardant resin composition as a coating layer.

Solutien to Problem



6 An invention according to Cdaim7 relates to the electric wire
or cable according to Claim5 or 6, characterized in that the coating
| ayer is cross-linked by irradiation with ionizing radiation. Since
the coating layer is cross-linked, hea# resistance and nechani cal
strength are inproved. Advantageous Effects of Invention [0021]
According to the present invention, it is possible to provide a

non- hal oggyf | ane retardant resin conposition which has excellent
flame retardance, excellent nechanical strength, such as flexibility
and wear r esi Bicpresnt prenticuictatésyto axoetialgen dametrbtaslaghrepinaosposition

d tens; | t tj tisfying the UL standard dt
orovi de MneB aabRec (meS P Siasn FEn o e 4 5 B DR DRL ErsH P b
of Draw pibspR&gbased flamd fetdddant ]lin WIS @e 100 pards HERASPS tRe MisBVéopipRNEMI

a method of " measuring cut-through strength. Description of

Enbodi metickdppd® 8] 85 parts I ags of desbrolgdin-easeddsin, B8 tord@ pathby/massof s

mat eri al [ - hal agen .f i It A
pol ypherd SRt Recsthel S AR s B 4B o R B PR s
pol yrer i i the poBiolefinbbasyd 53l invtiesan ghydyid-hiepyzedrasdbmgopslyhi@aol and
phenol as raw materials. Furthernore, various naterials obtained, by

mel t bl ePlymgTipwl yaing s Bstaligeens qatslysh Hethy pewantcafinge & p0v0 by dagss rative'to
! J e : :
conmer o ST R SEEE BER el Bl A pHRREE KL 1cRE E P ffing ampp

pol yphengf #8etepifdrbyhasadelated 1o the edtire polybkefiprsahtesin(Céaitn BHn, bot h

t he si rrptoz) &ﬁl yphenyl ene ether resin and the pol yphenyl ene et her
resin wi t4¥1whi ch pol ystyrene is nelt bl ended can be used.
Furthernore, hdRliyaycheemeRbiMgH résth W Hd MaffaPRIVIhS & hAdiBoduSuiadt
as. mal ei ¢ anhydride, 15 introduced can be appropriately bl'ended

bef or e uslestidity@Raprmal tempiatnrea Jdkypolhyolofinebasedtdsarhasescalleni fléxibihiycand

pol ystyrene is nelt .blended is us as_the. pol.yphenyl ene- et her - base
Pest . WSPVEIRP TR Do AL HRf ot Xt R R SO e B ordi i axtaie
el ast onmeflexibility RPN 8isioMProdbstabil Ry, e AR k&vesTher QhpHRARLRnet B
resin with which polystyrene is nelt bl ended has excel |l ent

conpat i biddinga gpmpatithlizing geeshdhepelxealefin-basedsesmand el aihenyleng-piber-
resin pr re.during extrusi;on,l . R Xt rusi on .
process aﬁ%%# {eysu} éslre imrrlg?(g th.éegfkb@gﬁs saElgf%&%ﬁﬁi, glial 1n§ 11;1p}6§le&) mechanical

pol yphenyiopegiegt her - based resin, the heat deflection tenperature
changes dependi ng on the blending ratio of polystyrene. \Wen the

pol yphenlfl98Ak- et her-based resin with a heat deflection tenperature of
130C or hi ghek, | . ' r icC Wre
coating is hi éﬁ{&ﬁg%ga%%%g%?&ﬁg% %g.{yﬁ% ti %&S%%%%dﬁfgéﬁg%ﬂ

exhi bi t egolywdetiedd usinga afenllabire. catubyse (Heheihafteneminebe debefibatas a'metallocene
Lo o el LT gt s A ey 2 S Slnd

PP has uniform molecular weight and crystallinity, and includes small amounts of low-

molecular-weight components and low-crystalline components. Therefore, the
metallocene random PP is flexible and has excellent heat aging resistance, thus being
effective in increasing tensile elongation and tensile elongation after heat aging. On the
other hand, the block copolymer polypropylene has a high modulus of elasticity and is
effective in increasing cut-through strength. By using the metallocene random PP and the
block copolymer polypropylene at a specific ratio as the polyolefin-based resin, both cut-
through strength and tensile elongation after heat aging can be achieved. As the
polyolefin-based resin, in addition to the two types, a homopolypropylene or polyethylene

may be used.



As the styrene-based el astonmer used in the present invention, for
exanpl e, a styrene-ethyl enebut ene-styrene copol yner, a
styrene-et hyl enepropyl ene-styrene copol yner, a

st yrene- et hyl ene- et hyl enepr opyl ene- st yrSene copol yner, a

styrene-butyl ene-styrene copolymer, or the |like may be used, and
exanpl es i ncl ude hydrogenated pol yners thereof and partially
hydrogenﬁkﬁg pol yners thereof. Furthernore, a styrene-based el astoner
to which a c%rboxylic acid, such as naleic anhydride, is introduced
can be appr opAnaivehtioibbaaodbdg reChie 2usktes @ 0R Hon-halogeAlflave rafatdantdesin

a bl ock copol yoer el astoner, of styrene and, a. rubber co nent. i.s
used, inCHERR? ti“_B‘rPCFBr%fI}Fetoi }%&_@Mlab@emy iopAshd Eé%ﬁ@l&ﬁﬂ inglpdes a
tensile glRpgat PBlyathykieak teSarhdRE 8Y 9, 10206 HR6k tRBVSIARE iR al so

i mproved, which”i's 'préferable. Furthernore, as the block copolyrer, a
t ri bl ockpelyplsfiprbesed rssioh By farthgrdnesgpeoratiagiths lywelensityupo}yatind eney tannide

o oot B el B SR P 00 SRR Bl
st yrene- gighyg| enepr opyl ene copol ymer, can be used. Wen a triblock

conponent is contained in the anount of 50% by weight or nore in the
st yr ene- basedABinvsnbemaccording it laina ddelates dndisogthafagen dlemetretaedap) yeain

. c SR f e . .
Syt ene- SERtEREESll Ials 1 BF 1 SRS et IR} o e keI €
nore canabick dbpalbingr elagtmenofst@enind@eaibdal apopempe Sinceshastdrehe-daged

retardance. When the styrene content is |ess than 20% by wei ght,

har dnessclasamskisalodicappbmpss shastomar of slyssns aud a rebber RemBeREE: hand,
when t he 3 9 Wej , i _ B QN
at. br eakc e%%@ggg ggf%vﬁ ?g%§@§ﬁg§n %?Sgd2¥%ﬁﬁg@% pdﬁﬂglu)%ltg%ee‘?&rﬁr %{,gg?tég&
mel t fl ois impreved adytolrieisi possitleas obiehRi resimeamsnpositioa tha?idg CxeelRntliickghical
accor di ng to JIS K 7210), which is an index of nolecular weight, is
pr ef er abPiPPPH®S range of 0.8 to 15 g/ 10 nin. The reason for this is

t hat at mlt flowrate of less than 0.8 g/10 mn, extrusion
processability decreases, and at nore than 15 g/ 10 m n, nechani cal
strengt h decr#asesntipro@zojding to Claitr drrplates tothetrion-habiggo flemenetartastivesin

resin that can.be used include ropyl enes onopol b] ock

bt yrror RIS Gne ary o5 BT GHBR e e Blg bR Ot HBE s 20 baheniene
el ast onmeéther it aolyPphehplOe: @B BSA MHhONEICR piSstytdhe iymBlt dfdnded. By using the
el astonmers, dynam call y-crosslinked-type pol ypropyl ene-based

t her nopl Belyplengleas etheerosin with ypéichpadyrsyrenhisghrel tidaadedy wotiapditn gnidpgmelt
| i near | . ' I - |.o nsjty polyethylene, very |ow
density %lo lgg?%%/%%mg qny}%%%%%ﬁn@y Vi en%ﬁpgg‘éfdat e copol yners,

et hyl enef@uByl acrylate copol yners, ethylene-nethyl nethacrylate
copol yners, ethyl ene-net hyl, ac({jél ate copol yner, ethyl ene-et hyl

acryl ate copofy)eationagepr toglaim Sqelaies 4¢ an elsefsic Y @, cable which uses

et hyl eneppr - Al , hy - ci dyl
met hacr yf}%tr@ﬁ%{gp r;?%?%%g%f%%@%é%@;%f %Ugggﬁ{g lﬁg%'ol il;fr?r% lée,gé%nd

i ononer mesntitm makestii pdssibld te oblads a abn-halogeiidselatd rdchicwirk haviag exkellent
copol ynep, or ethyleng-acrylic.acid copolyner are |inked with each

ot her byhfnﬁ?é?t uﬁﬁ’f‘gﬁ%ﬁ&flﬂﬁuﬁ'&‘f IPréP%"’tSal i on of sodium zinc,
or the |fd¢gg) Furthernore, these resins nodified with maleic anhydride

or the Iitke,” and these resins containing an epoxy group, an no group,
or imde groufnowentdrsaccorling tedClajmG36lates to the eletrimwirker cable, characterized

pol yol ef i n; based .r.esi ns. descri bed abo a tall ne random PP and

Db ok EUBE! D AHCRTGT T Bp TR T ML D PSR orBOTBHEE WhFReEont ent
of the npkalalifeenfink 3O thA With 2thitinB9 BY niASS 1ds€ | tRdrk ¥Beur®a bipfificant
entire polyol efin-based resin, and the content of the bl ock copol yner

pol ypr op$itiersce i dovactesisisyshch - threhgh prpperties, thrven elgetricevires according
to conventional techniques, and excellent advantageous effects are achieved.
[0020]



A netal phosphinate is a conmpound represented by the formula (1)
below. In the formula, RI and R2 each represent an al kyl group having
1 to 6 carbon atons or an aryl group having 12 carbon atons or |ess,
M represents cal cium alumnum or zing m= 3 when Mis alum num
and otherwi se, m=2. [0034] [Chem 1] Exanpl es of the netal
phosphi nate that can be used include alum num salts of

or gano- phosphjni: 3] P 4 T
0930, an. Bt i BRRSEecoRiR IO T b Aetice e S EAg ook lo
an al um Qlaimshdt 6, charactenzgbinthghies@hating tayacisdrossdinked by EXAidtbnOHAB12,
and nel am ne pol yphosphate. [0036 . Exanp| es of the nelanine, |
phosphat @%ﬁg %@mpncEw&@ﬂweqoaﬂv%@ywyma@%%%ﬁél?atsr&%ﬁ% mestraien
manuf act wr.athibyre Gnbyveeci al ty Chemcals Inc., nel am ne

pol yphosphate, nel am ne phosphate, nel am ne orthophosphate, and

mel anmi neAdyawpirospRfeets of DOBAfion Exanpl es of the ammoni um

phosphat ound that can be used include amoni um pol yphosphat e,
am de pof%pgﬁggphat e, am de anmmoni um pol yphosphate, and carbam c acid
pol yphosphat eAcdd?@id8ko the presbt fbgtiRAl ¥ RhESBIAZS Mo E AR M dalebt A ARE

by ring-opening polynerization of a Cﬁérlﬂgfhosphazene, SPR-100,
SA- 100, Sitarday ressrepmpositiay whpBhapeice aast Igtaedhnbs, e@ee] lprbmeplwamical |

Co., Ltd r i | - The n t.of the
phosphor tsj%%}{s‘ §§°4 %Sﬁ?n%(ﬁgpgar%gﬁﬁ%g F%’Esga%g% pfﬁtlcﬁ}aarr{ysexﬁﬂg/l?%ggt'%qu ive to
100 part propyrtieasmdaénsilB elongstioh sropatieestistyWiehe Ulestatiatd®Nind ® grédde an
than 5 parts, by nmass, flanme retardance is insufficient. Wen the ‘
cont ent élﬁéfé‘édﬁlr%@‘?ﬁhh‘@l%}hm‘?- mechani cal properties decrease. The
cont ent : --hased flane retardant is nore preferably 5
to. 30 pa?%lgFggsﬁgggg%ga%slﬁ?f ace of the phosphorus-based flanme
retardanf0028y be treated with nel am ne, nelam ne cyanurate, a fatty

acid, or a siJ]an oupl i ng agent before use. I ngtead of performng
surface treat lﬁ%ﬁ] %}guggi,%%c%eppnﬁw\\b%oy&%@ meﬂwﬁcs)?a@%@% %‘nﬂqﬁough
integral ¢algpd in which a surface treatment agent is added when 11
m xing wmththe thernoplastic resin. Furthernore, a nitrogen-based
fl ame r eDasatptivn vhlmibedimsanés t oget her wi th t he phosphorus-based fl ane
ret ardan 02 t he nitrogen-based flanme retardant, nelam ne, nelam ne
cyanur at &, the |li ke can be used. [0040] Furthernore, a

cross- | i nki ngrjgit HeR@iptien WiddRAnid dherded nhahRgaRed kB dnetdsgtatame
resin conmposition of the present invention. As the cross-|inking aid,

a mul tifratrdanaesin pesnperttiorhavh pefypheslyleng lethey isgh cogingerngplesisrotdondsd ley

i ar |y ey Ao e EF p Sl bl SR s BT s e e P i fhfpot o

Fur t her nRfvematefielsC r §aRhdrindié, Mgrightinb@ripls obaiadlby rmelt bighdidg ablysgtdrl
tenperature. The reason for this is that being a liguid nakes it easy
to be ni Wil peistphenenesiheyp HeordrRdProefonaiss processahilisnef the@olyphenylene
styrene- i - opa

tr1 ot hagys oy oo Ah Gl AP LB B T W IR M e
t he resi polypinglems-cthabadedirssipusddinald presdrfd dEhtion, both tAs singdessary,

an antioxi dant, a processin tabiljzer, a coloring agent, a )

heavy- meP@yPhspylene &%5%@81%1%1 @wwgpfawﬁﬁn? SHCRTRSH VIt SOy Baly ST RS ,

and the |4 r i | . : :
Helt®1GRBd s BPRAP Fa&ﬁérﬁqg%ﬁ;agggﬂmﬂylrﬁ@etﬁano ka%aﬂ@earf)bgg{% eid,

retardant resin conposition of t I'nvent i on. ese mat
can be nuchdis nsileig ashyidnideis metddunedenn, besappiopaiatedy landead edorewse.
ext rusi o&-ﬁg e mxer, a pressure kneadi ng machi ne, or a banbury
m xer. | ]0

When a polyphenylene ether resin with which polystyrene is melt blended is used as
the polyphenylene-ether-based resin, workability during melt mixing with the styrene-
based elastomer is improved, which is preferable. The polyphenylene ether resin with

which polystyrene is melt blended has excellent compatibility with the styrene-based



An insul ated electric wire of the present invention has a coating

| ayer conposed of the flanme retardant resin conposition described
above, in which the coating layer is formed on a conductor directly
or with another |ayer therebetween. A Known extruder, such as a nelt
extruder, can be used to formthe insulating coating |ayer.
Furthernore, the insulating layer is preferably cross-Ilinked by

i rradiat h n J 4 o ondiesor, a
copper vy Faolieh" TIRRLElerhelrih Bics e gt lcysion s ek nd PG
conduct i pickyssalaiity isémpswdd. Al t hough t he di aneter of the conductor may
be appr o&g%si/el y selected according to the intended use, the dianeter
is prefe set at 2 mMmor less in order to allowwring to be
installed in g Jiak E?Wyfaﬁé}%@enelzéﬂﬁérf}%éﬁ){eﬁn 1h@ h\éét%é’ﬂ@étlo%%ﬁp&fame changes
handl i ng, the diameter is preferably set at 0.1 mmor noré. The
conduct odemslingemathcs blehding catthuefinelystyrere. s t Whenithd pobypdergtiene- ﬁhel\mﬁﬁh a

Phi cknestesBritha Feu e Rnd rdarrnbfoRE hn s ekt b ite e AR,

dependi ngrénath é’ﬁh@b@ﬂ@k&hr@éoabhg1§1ﬁ§ﬁi%ﬁ(ékeellehﬁhéahkﬂ?slﬁ?ﬁ§1§ ploperties are
preferably set at 0.3 mmor less in view of nechanical st rengt h. In

hal ogen- ¢*hibitesl, siichi i praferablea c Notedhaighe beai dallegiionderaperpiartisidglined as the
wear T esbaﬁb@ﬁfég L@deul%%é} g&@ olquB rsﬂygttﬂef gehl 9%§§or¥\{9‘§ D imst higkness

of the coa |ng ayer N CONtTas priésent
i nventi of0026yen when the thi ckness of the coating layer is 0.3 nm or
| ess, excellent propertjes _are obtained, and there occurs a

significant diffhersbiers-basedelastomer peedin thesprasenh ypRiEPn: &resARalR 2 onal
t echni qu cen Cgﬁh&f cBRkfre- sfyﬂ:n@lcg]ﬁélé'o%r Wi g ne% feﬂém)gﬁi:ﬁg'styrenf go?ol?rmer

di spl ace I'n Vview o nriector ity
W r es i nawtyrana- dtlhgdeﬂd%thjdamomﬂeﬁebﬂytenatommaye styremedub/lema-siyreh@s s

f th t | i
Cr oo &1 SRS P s i e e st A AREPHES isbit o dioseiichaaly gy hereol
strengt hyjs elrﬁmygl‘{ﬁﬂ@géﬂﬂieﬁfboly'%nd?é ﬁ{e?éo@bl Funlfé?mbreea's@mnétﬁagecr AddtahbOfd

sour ce, for exanpl’e, an accel’erated el ectron beam dganma ray, X-ray,
al pha- r ayhichla saghvixylie acidaguch as makeic hilkydride,is berodvead. canewpprwpdtelyase
of use o 1 t he, r d| ation source, ionizing radiation transn ssion

t hi cknes g‘iﬁjetée '§f5¢ross-1inking treatnent, and the like, fromthe
st andpoi [Uozq]‘ i ndustrial application, the accel erated el ectron beam
can be nost preferably used. EXAMPLES [ 0046] The present

i nvention wi | Abge aileg\é@n Bélpckiropelymer elagiomep af stywene ard & rubbex ¢ranponent is

I I
T haont 1 onet Mrkaateis Ble kot o PEH HBICHINE bl oBInEREA ot break
(For mat i Qﬁn@ioﬁdpmﬂadhoae&sfstaaaelsraﬁoammedg @hlch icprepeshlé.l OPurftekmeies is
The individual conponents_were m xed according to the fornul atjon

shown | nthpd%fpcéc qopolymer,pdriplask eopelpmer; sp¢hsasst hsf?é%&eaaf@dﬁwe&%@tﬂag%
resin, renk B chﬁ&gl%PBra {DRnd SdDUL If'%tét?r@mi:M Etﬁ! @hﬁé}ror eﬁ&‘iﬂlo%% a5

cross-| | nking a| arts mass. crew m xer
m6, L/ Dcepodiher, seehtas @iskyireng:- athﬁlepﬁecdpmnymd axta styrend-ethglenerirepyperreat ur e

o 2400 eSS AL SRS oal ca00 LM, SN AN, Mg vot .
cut to fgy MRtk beidre inkBe §iPRABbased elastomer, strength and hardness of the electric
wire coating are improved, which is preferable.
[0028]
Furthermore, a styrene-based elastomer with a styrene content of 20% by weight or
more can be suitably used in view of mechanical properties and flame retardance. When
the styrene content is less than 20% by weight, hardness and extrusion processability

decrease. On the other hand, when the styrene content exceeds 50% by weight, tensile



(Production of insulated electric wre) Using a single screw
extruder (30 mn+, L/D = 24), extrusion coating was perforned on a
conductor (seven tin-plated anneal ed copper wires stranded; conductor
diameter: 0.42 mm) such that the thick8ess was 0.14 mm An el ectron
beamin a dose of 30 or 60 kGy at an accel erating voltage of 2 MV
was radiated to produce an insulated electric wire. Note that

mechant caln B ARSE blcie deBeLEL Al ANGRLIARIEAL aging) vere eval uated

usi ng a sanple including on fhe'>coa I'ng | ayer obtained by renoving

t he conduct OrFlfrﬂQfmbﬂ&?tHemﬁéli ﬂmedate (dkdvigteddd MEROGAHsufeB\ua 3600 0. 16f
coating |l a tensil e properties) The conductor was taken out
of the r Lﬂcwrﬁl@gépém(ﬂ@l » dhichyls @an andexpdimadequéas twajgly, is preferablysne on

the coat faﬂgﬁgﬁé{ 8lto 1?%%0‘ A, Cadi %8{1‘%%%?5 e %}%t AfBow rgt%%f?gsi fyan 0.8

pul i ng gauge l'eng enperatu

The tensglie nsihy @ngkimnqm@bembﬂny de@bmgahd @.ﬂrn()ﬁfi thag &8 a0 min, Meckadnjcal
were each neasured on three sanples, and the average val ues t hereof
wer e det@Fer?gﬁb‘g:cr%S%Sanpl e having a tensil e strength of 10.3 MPa or
nmore andrg gnm | e el ongation of 150% or nore were eval uated as
"Pass". EOOS ] (Evaluation of coating |ayer: secant nodul us)

Usi ng sanpl esExsammlésart th@pmlmlsﬁniblasddl”lesine]nmicbmbd:emlidﬂs@apdﬂgpiopﬂen@ a

tenS|Ie est rri.ed .out under the onditions of uII|n

L85 oA topg e YRGReI e B ol R GbrmeliFeers e ipehon sl
modul us Ahstehmas! tebibY-tyde pfollPriRidHe-tMEd ﬁeﬁﬁ&ﬁl%‘tc'e%tdn%r@ éyﬁaﬁwauy-cmss-
cal cul ated fromthe stress-el ongation curve. [0051] (Eval tation of

coati ng ll@lscértypmedwmslegc-@mé)thmogoh@m alaatdmemep@lwtbylmwe(hmsdelneﬂ
to stand_in Ceer, ] 168, ha

tensi 1 o RS RyEEe LBy B Rty kB JouRIoa Roe e S ey 105 oSty

properti @ﬁyetaﬂdn@oemﬁreh@@myws@star@&%owrﬁéﬂs Teﬂﬁ,@ddeﬂaﬂ?fl ReRUe cailyhassi | e
el ongation before heat treatment retention of 75% or nore of the

t ensi | e &hylengrmethydmsithachdale copdwngmsnethulsae-methot eenylashearolymen ¢hylgpe-e

pass T evar {<O0Es PORRrBR, B} BhE shEThotb LT RN AT il PR, ke

r et ar dangthylegshgrylic rubbeh) ethylbha- g‘l@ﬁdylcﬁétha&mﬁauermpolﬁzhﬁfweﬁ@&hemmcdym;g
to Section_ 1080 of UL Standard 1581 was carried out on fiv
speci mendid THes) YRONREeIIBYNS Wvhish spderulss of ?ﬂﬁﬂilyk@?'nlféh%cé}bléﬁﬂféd

and thisg rhé&RE A ferk Aty 1ic! dlRoopb ARELAKLI W RYkt B Eﬁ&gﬂ 1
Wi t hin 60%?0%3) }g’gesnor nt acotqt0 H?%/E?ngeelfl)eneat Hﬁ%g #ot gﬁlﬁt ‘%31 a
dr oppi ngbcumh@%&iughandethbmafof sqhy@r ziattedlvelike o Pmkthemm:ne,rthmedesmn‘ t he
speci men ot, .bur r.scorc was al uat ed as. pass. The case
Pt oSO i Hpl MBS OrgRe Hk @R e cop PG SEY & s
eval uat eghhap drdig, oF ﬁnldg%pé%]caﬁlgysglﬁéqfsé@n of insulated electric wre:
cut -t hrough strength
[0030]
Among the polyolefin-based resins described above, a metallocene random PP and
a block copolymer polypropylene are essential components. The content of the
metallocene random PP is 5% to 60% by mass relative to the entire polyolefin-based resin,
and the content of the block copolymer polypropylene is 30% to 95% by mass relative to
the entire polyolefin-based resin. When the content of the metallocene random PP is
lower than the range described above, elongation after heat aging decreases and is unable
to satisfy the UL standards. When the content of the block copolymer polypropylene is
lower than the range described above, cut-through strength becomes insufficient.

Moreover, when a low-density polyethylene is further contained in the amount of 5% to

20% by mass relative to the entire polyolefin-based resin, elongation and elongation



Usi ng a nmeasuring device shown in Fig. 1, cut-through strength was
measured. A blade 4 having a 90 sharp edge (edge R = 0.125 mm edge
angle 90) is brought into contact onto an insulated electric wire 3

i ncluding a conductor 1 and a coating PBayer 2, and the value of a
current flow ng between the conductor and the sharp edge is nmeasured.
In the initial state, since the conductor and the sharp edge are

I nsul ate I ng: current does not
flow. V%grr?fp%lﬁfe& g@%{}}e%gﬁ%%lg% ﬁzchﬁlﬁ%id’ gglc{h ﬁge/s {?F%%bel%%, a current flows
bet ween [d@81fonductor and the sharp edge. Aload is applied to the

bl ade 4, and th xi mum | oad, endured by the coating | ayer wi t hout
being cut is Ao haephonyseves flams refRidpy ﬁaﬁowﬁat@ﬁét%a@mz& ephipate, a
t enper at 1 di 9 I .S
def i ned géﬁgﬁ%% 3 @@gF&nF%%%g?ﬁF%cﬁ%ARA?ﬁéﬁhéﬁﬁﬁg@EE@%g&?”@?oﬁﬁﬁﬁ”k
| nsul at ecbrepamdrobtainddr esring openprgphlyeedrizedionf EXpNPpESphazene, Br ¢heclétcan

t hat ' iti havi f | ati h in Table LI .
e LochCoSP B RASaNE Bt et S 3R R e
the unitgr@fo sfasdre for the base resin, the flanme retardant, the

deterioration inhibitor, and the cross-linking aid are parts by nass.
The resuld082hre shown in Table Il. [0055] [Table I] 15 16 [0056]

[Table 11] Examples ij‘[h%%flg ieéltgr t%éta %lb% ugec{ RElude %/metlhgllpho%%hatg,

| oz
triethyl phosphate, triphenyl phosphate, tricresyl phosphate, trixylenyl phosphate, cresyl

pheny! phosphate, cresyl 2,6-xylenyl phosphate, 2-ethylhexyldipheny! phosphate, 1,3-
phenylenebis(diphenyl phosphate), 1,3-phenylenebis (di-2,6-xylenyl phosphate),
bisphenol-A bis(diphenylphosphate), resorcinol bis-diphenylphosphate, octyl
diphenylphosphate, diethylene ethyl ester phosphate, dihydroxy propylene butyl ester
phosphate, ethylene disodium ester phosphate, tert-butylphenyl diphenyl phosphate, bis-
(tert-butylphenyl) phenyl phosphate, tris-(tert-butylphenyl) phosphate, isopropylphenyl
diphenyl phosphate, bis-(isopropylphenyl) diphenyl phosphate, tris-(isopropylphenyl)
phosphate, tris-(2-ethylhexyl) phosphate, tris-(butoxyethyl) phosphate, tris-isobutyl
phosphate, methylphosphonic acid, dimethyl methylphosphonate, diethyl
methylphosphonate, ethylphosphonic acid, propylphosphonic acid, butylphosphonic acid,
2-methyl-propylphosphonic acid, tert-butylphosphonic acid, 2,3-dimethylbutylphosphonic
acid, octylphosphonic acid, phenylphosphonic acid, diethylphosphinic acid,
methylethylphosphinic acid, methylpropylphosphinic acid, dioctylphosphinic acid,
phenylphosphinic acid, diethylphenylphosphinic acid, diphenylphosphinic acid, and alkyl
phosphate.

[0033]

A metal phosphinate is a compound represented by the formula (I} below. In the
formula, R and R? each represent an alkyl group having 1 to 6 carbon atoms or an aryl
group having 12 carbon atoms or less, M represents calcium, aluminum, or zinc, m =3
when M is aluminum, and otherwise, m = 2.

[0034]
[Chem. 1]
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” (1)

[0035]

Examples of the metal phosphinate that can be used include aluminum salts of
organo-phosphinic acids, such as EXOLIT OP1230, EXOLIT OP1240, EXOLIT OP930,
and EXOLIT OP935 manufactured by Clariant K.K., and blends of an aluminum salt of an
organo-phosphinic acid, such as EXOLIT OP1312, and melamine polyphosphate.

[0036]

Examples of the melamine phosphate compound include melamine polyphosphate,
such as MELAPUR200 manufactured by Ciba Specialty Chemicals Inc., melamine
polyphosphate, melamine phosphate, melamine orthophosphate, and melamine
pyrophosphate.

[0037]

Examples of the ammonium phosphate compound that can be used include
ammonium polyphosphate, amide polyphosphate, amide ammonium polyphosphate, and
carbamic acid polyphosphate.

[0038]

As the polyphosphazene compound obtained by ring-opening polymerization of a
cyclophosphazene, SPR-100, SA-100, SR-100, SRS-100, or SPB-100L manufactured by
Otsuka Chemical Co., Ltd. or the like can be used.

[0039]

The content of the phosphorus-based flame retardant is 5 to 40 parts by mass
relative to 100 parts by mass of the resin component. When the content is less than 5
parts by mass, flame retardance is insufficient. When the content exceeds 40 parts by
mass, mechanical properties decrease. The content of the phosphorus-based flame
retardant is more preferably 5 to 30 parts by mass. The surface of the phosphorus-based
flame retardant may be treated with melamine, melamine cyanurate, a fatty acid, or a silane
coupling agent before use. Instead of performing surface treatment in advance, it may be

possible to perform an integral blend in which a surface treatment agent is added when
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mixing with the thermoplastic resin. Furthermore, a nitrogen-based flame retardant may
be used together with the phosphorus-based flame retardant.  As the nitrogen-based flame
retardant, melamine, melamine cyanurate, or the like can be used.

[0040]

Furthermore, a cross-linking aid may be added to the non-halogen flame retardant
resin composition of the present invention. As the cross-linking aid, a multifunctional
monomer having a plurality of carbon-carbon double bonds in the molecule, such as
trimethylolpropane trimethacrylate, triallylcyanurate, or triallylisocyanurate, can be
preferably used. Furthermore, the cross-linking aid is preferably a liquid at normal
temperature. The reason for this is that being a liquid makes it easy to be mixed with the
polyphenylene-ether-based resin and the styrene-based elastomer. Furthermore, when
trimethylolpropane trimethacrylate is used as the cross-linking aid, compatibility with the
resin improves, which is preferable.

[0041]

As necessary, an antioxidant, a processing stabilizer, a coloring agent, a heavy-
metal inactivator, a blowing agent, a multifunctional monomer, and the like can be
appropriately mixed into the non-halogen flame retardant resin composition of the present
invention. These materials can be mixed using a known melt mixer, such as a short screw
extrusion-type mixer, a pressure kneading machine, or a banbury mixer.

[0042]

An insulated electric wire of the present invention has a coating layer composed of
the flame retardant resin composition described above, in which the coating layer is formed
on a conductor directly or with another layer therebetween. A known extruder, such as a
melt extruder, can be used to form the insulating coating layer. Furthermore, the
insulating layer is preferably cross-linked by irradiation with ionizing radiation.

[0043]

As the conductor, a copper wire, an aluminum wire, or like, which has excellent
conductivity, can be used. Although the diameter of the conductor may be appropriately
selected according to the intended use, the diameter is preferably set at 2 mm or less in
order to allow‘wiring to be installed in a narrow space. Furthermore, in view of ease of
handling, the diameter is preferably set at 0.1 mm or more. The conductor may be a solid

conductor or a stranded conductor in which a plurality of wires are stranded together.
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[0044]

Although the thickness of the coating layer may be appropriately selected
depending on the diameter of the conductor, the thickness is preferably set at 0.3 mm or
less in view of mechanical strength. In halogen-free electric wires according to
conventional techniques, wear resistance and cut-through strength decrease when the
thickness of the coating layer is 0.3 mm or less. In contrast, in the present invention, even
when the thickness of the coating layer is 0.3 mm or less, excellent properties are obtained,
and there occurs a significant difference from electric wires according to conventional
techniques. Turthermore, in electric wires for insulation displacement contact, in view of
connector fitting ability, electric wires in which the thickness of the coating layer is 0.3
mm or less are preferably used.

[0045]

When the coating layer is cross-linked by irradiation with ionizing radiation,
mechanical strength is improved, which is preferable. As the ionizing radiation source,
for example, an accelerated electron beam, gamima ray, X-ray, alpha-ray, ultraviolet ray, or
the like may be used. In view of ease of use of the radiation source, ionizing radiation
transmission thickness, speed of cross-linking treatment, and the like, from the standpoint
of industrial application, the accelerated electron beam can be most preferably used.
EXAMPLES
[0046]

The present invention will be described in more detail on the basis of the examples
below. However, it is to be understood that the present invention is not limited to the
examples.

[0047]
[EXAMPLES 1 to 5]
(Formation of non-halogen flame retardant resin composition pellets)

The individual components were mixed according to the formulation shown in
Table I. In the table, the units of measure for the base resin, the flame retardant, the
deterioration inhibitor, and the cross-linking aid are parts by mass. Using a hNin-screw
mixer (45 mm¢, L/D = 42), melt mixing was performed at a cylinder temperature of 240°C
and a screw rotation speed of 100 rpm, and the mixture was melt extruded into strands.

Next, the molten strands were cooled and cut to form pellets.
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[0048]
(Production of insulated electric wire)

Using a single screw extruder (30 mmé, L/D = 24), extrusion coating was
performed on a conductor (seven tin-plated annealed copper wires stranded; conductor
diameter: 0.42 mm) such that the thickness was 0.14 mm. An electron beam in a dose of
30 or 60 kGy at an accelerating voltage of 2 MeV was radiated to produce an insulated
electric wire. Note that mechanical properties (original and after heat aging) were
evalvated using a sample including only the coating layer obtained by removing the
conductor from the insulated electric wire.

[0049]
(Evaluation of coating layer: tensile properties)

The conductor was taken out of the resulting electric wire, and a tensile test was
carried out on the coating layer. Testing conditions were as follows: rate of pulling = 500
mm/min, gauge length =25 mm, and temperature = 23°C. The tensile strength and
tensile elongation (elongation at break) were each measured on three samples, and the
average values thereof were determined. A sample having a tensile strength of 10.3 MPa
or more and a tensile elongation of 150% or more were evaluated as "Pass”.

[0050]
(Evaluation of coating layer: secant modulus)

Using samples similar to those in the tensile test described above, a tensile test was
carried out under the conditions of rate of pulling = 50 mm/min, gauge length = 25 mm,
and temperature = 23°C.  Then, the modulus of elasticity at the point where elongation is
2% was calculated from the stress-elongation curve.

[0051]
(Evaluation of coating layer: heat resistance)

An insulated electric wire was left to stand in a Geer oven set at 136°C for 168
hours (7 days). Then, a tensile test was carried out as in the evaluation of tensile
properties, and comparison was made with tensile strength and tensile elongation before
heat treatment. A retention of 75% or more of the tensile strength before heat treatment
and a retention of 45% or more of the tensile elongation before heat treatment were defined

as a pass level.

[0052]
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(Evaluation of insulated electric wire: flame retardance test)

The VW-1 Vertical-specimen-flame test according to Section 1080 of UL Standard
1581 was carried out on five specimens. When a flame was applied to each specimen for
15 seconds and this was repeated five times, the case in which burning stopped within 60
seconds, absorbent cotton lying beneath is not ignited by dropping material, and kraft
paper attached to the upper side of the specimen was not burned or scorched was evaluated
as pass. The case in which even one specimen out of five was not at the pass level was
evaluated as failure.

[0053]
{Evaluation of insulated electric wire: cut-through strength)

Using a measuring device shown in Fig. 1, cut-through strength was measured. A
blade 4 having a 90° sharp edge (edge R = 0.125 mm, edge angle 90°) is brought into
contact onto an insulated electric wire 3 including a conductor 1 and a coating layer 2, and
the value of a current flowing between the conductor and the sharp edge is measured. In
the initial state, since the conductor and the sharp edge are insulated from each other by the
coating layer 2, a current does not flow. When the coating layer 2 is cut by the blade 4, a
current flows between the conductor and the sharp edge. A load is applied to the blade 4,
and the maximum load endured by the coating layer 2 without being cut is measured.

The test is pérformed in the atmosphere of a temperature of 23°C and a humidity of 50%
RH. Aload of 70N or more is defined as a pass level.

[0054]

[COMPARATIVE EXAMPLES 1 to 7]

Insulated electric wires were produced as in EXAMPLES 1 to 5 except that resin
compositions having the formulations shown in Table II were used, and a serious of
evaluations were conducted. In the table, the units of measure for the base resin, the
flame retardant, the deterioration inhibitor, and the cross-linking aid are parts by mass.
The results are shown in Table II.

[0055]
[Table I]
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Tensile strength (MPa) Tensile elongation(% Tensile strength (MPa)
Tensile elongation(% Retention (96) (strength, elongation) 'Flane
retardance Vertical -specinmen-f lane test vw1 Base resin 'Flane
retardant Deterioration inhibitor 'Cro$s Original After heat aging
17 [0057] (Footnote)
[0057]
(Footnote)
(*1) Block copolymer polypropylene resin: Novatec EC9 manufactured by Japan
Polypropylen;a Corporation
(*2) Ethylene-propylene random copolymer polymerized using a metallocene catalyst:
WELNEX RFG4VA manufactured by Japan Polypropylene Corporation
(*3) Homopolypropylene: Novatec EA9BT manufactured by Japan Polypropylene
Corporation
(*4) Low-density polyethylene: NUC-8007 (MFR = 7 g/10 min) manufactured by Nippon
Unicar Co., Ltd.
(*5) Polyphenylene ether resin with an intrinsic viscoéity of 0.47 dl/g
(*6) Styrene-based elastomer: manufactured by Asahi Kasei Corporation: Tuftec
(registered trademark) H1043
(*7) Condensed phosphate ester: PX-200 (phosphorus 9.0%) manufactured by Daihachi
Chemical Industry Co., Ltd.
(*8) Irganox 1010 manufactured by Chiba Specialty Chemicals Inc.
(*9) SEENOX 4128 manufactured by Shipro Kasei Kaisha, LTD.
(*10) Trimethylolpropane trimethacrylate: TD1500S manufactured by DIC Corporation
[0058]
The insulated electric wires of EXAMPLES 1 to 5 all have a cut-through strength of
70 N or more, thus having high strength. Furthermore, the original tensile elongation and
the tensile elongation after heat aging reach the pass level. In comparison with
EXAMPLE 1 in which the low-density polyethylene is not used, the tensile elongation
after heat aging is high in EXAMPLES 2 to 5 in which the low-density polyethylene is
used. Furthermore, when the content of the metallocene random PP is increased, the
tensile elongation and the tensile elongation after heat aging increase.
[0059]
The non-halogen flame retardant resin compositions used in the insulated electric
wires of COMPARATIVE EXAMPLES 1 to 7 do not contain the metallocene random PP.
In all of them, although the cut-through strength is high and at the pass level, the tensile
elongation after heat aging is low and evaluated as failure. In COMPARATIVE
EXAMPLES 6 and 7, the homo PP having high modulus of elasticity is added, and the



(*1) Bl ock copol ymer pol ypropyl ene resin: Novatec EC9 manufactured by
Japan Pol ypropyl ene Corporation (*2) Ethylene-propyl ene random

copol yner polynerized using a netall ocene catal yst: WELNEX RFAVA
manuf act ured by Japan Pol ypropyl ene Cot$oration (*3)
Honopol ypr opyl ene: Novat ec EA9BT nanuf actured by Japan Pol ypropyl ene
Corporation (*4) Lowdensity polyethylene: NUC-8007 (MFR = 7 g/10
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Tuftec ( i St dtra 111043, (*7) Condensed phosphate ester:
PX- 200 (bﬁggpﬂlg}cﬁsdoﬁs % ?’?&ﬁﬁ?gﬁsﬁ #&l by Dai hachi Chenical Industry
Co., LtdRrefdrdi:sS %gqugxlolo manuf act ured by Chi ba Specialty Cheni cals
Inc. (*9) SEENOX 412S manuf actured by Shipro Kasei Kaisha, LTD.

(*10) Trl hyl ol propane trinmethacryl ate: TD1500S nmanufactured by DI C
Cor poration [ 0 §%1mun The insulated electric wires of EXAMPLES Ito
5 all have a cut %rough strength of 70 N or nore, thus having high
strength. Fur2hevbairgaydrhe original tensile elongation and the
tensile elongation after heat aging reach the pass level. In

conpari son w4 h iESkiesl geetrig Wisghi ch t he | ow-density polyethylene is
not used, they t%@ﬁ .| € elongation after heat aging is high in EXAMPLES
2 to 5 in which e lowdensity polyethylene is used. Furthernore,
when the content of the netall ocene random PP is increased, the
tensile elongation and the tensile elongation after heat aging

i ncrease. [0059] The non-hal ogen flane retardant resin
conpositions used in the insulated electric wires of COVPARATI VE
EXAMPLES 1 to 7 do not contain the netall ocene random PP. In all of
them although the cut-through strength is high and at the pass

| evel, the tensile elongation after heat aging is | ow and eval uat ed
as failure. I n COWARATI VE EXAMPLES 6 and 7, the hono PP having high
nmodul us of elasticity is added, and the 18 resin conpositions have
hi gh nodul us of elasticity. Al though the cut-through strength is high
because of the inproved nodulus of elasticity, the tensile el ongation
after heat aging is | ow, which does not reach the pass |evel.

Ref erence Signs List [0060] 1 conductor 2 coating layer 3 insulated
electric wre 4 bl ade



19 CLAIMS [ aim 1] A non- hal ogen flane retardant resin
conposition conprising 100 parts by nass of a resin conponent and 5
to 40 parts by mass of a phosphorus-based flane retardant,

wherein the 100 parts by nmass of the r&sin conponent includes 30 to
85 parts by nmass of a polyolefin-based resin, 10 to 50 parts by mass
of a pol yphenyl ene-ether-based resin, and 5 to 30 parts by mass of a
styrene-based el astoner; and theapakyol efi n-based resin

i ncl udes an et hyl ene-propyl ene random copol ynmer pol ynmerized using a
met al | ocf@leinddi al yst in the amount of 5%to 60%by mass relative to

th ti lyol ef i n- based ] d a bl.ack .
pol ypr opy| eneATLTRIGEsT PRI HETRE SR SoRpPueR soBp L 0] B hmagspf a
the enti f@iP@nysinehd didBAsed fats b mds&bPd Phedbhorus-baselTRintoRtAdnegen

flame retardant resin conposition according to Claim1l, wherein the
pol yol ef i n- bawbereinghe A0§ partshst mpssif tlrerssia qosponerdnalydes 30ye Bhprenby i n

oo i BB B S U e

r et ar dantestrg ahd5 ¢ B padtd hyomagadrsthirage-baseCeRbtmkr;amd2, wherein the
styrene-based el astoner, i s, a block copolyner elastonmer of styrene and
a rubber conp®g®atyoletinrbased repin includespeetindenapopylene randem coRPIIPGENL

resin co jold ' i o 03; 0.
511 COMRSLLN 56251 ME LR AR BIFL LR Bk B Mt LI
pol yst yr tieentis: prdy dlefm-bastddesif, @ndiarblddk copolymefApobipenplylene resin i the amount

cabl e whi se S a coati.ng |layer, th - hal pgen fl ane retardant
resin coﬂfg&%ﬁ? ooy BeirrIgtivo oARe it PER ol BSC o8- 4. [ 1 ai m 6]
The el ecitlafm® re or cable according to Claim5, wherein the

t hi ckness of the coating layer is 0.3 mmor |less. [Caim7] The
el ectric wir elley nayahilegeadtronatietagdang raSira¢amBsgrongccadimgdd Claihel ,odwréing

| ayer i Sth%rp%?yso_léfimr!ggsgd t1? siri MT%QI! i%%liuags é’\jowdtianosl %%bpy%th@ﬁa%le ?1:[1 .{hoena'mount of 5%
to 20% by mass relative to the entire polyolefin-based resin.
[Claim 3]

The non-halogen flame retardant resin composition according to Claim 1 or 2,
wherein the styrene-based elastomer is a block copolymer elastomer of styrene and a
rubber component.

[Claim 4]

The non-halogen flame retardant resin composition according to any one of Claims
1 to 3, wherein the polyphenylene ether is a polyphenylene ether resin with which
polystyrene is melt blended.

[Claim 5]

An electric wire or cable which uses, as a coating layer, the non-halogen flame
retardant resin composition according to any one of Claims 1 to 4.

[Claim 6]

The electric wire or cable according to Claim 5, wherein the thickness of the
coating layer is 0.3 mm or less.

[Claim 7]
The electric wire or cable according to Claim 5 or 6, wherein the coating layer is

cross-linked by irradiation with ionizing radiation.



