1 DESCRIPTION Title of Invention FLAVE- RETARDANT RESI N COVPCSI Tl ON,
AND | NSULATED ELECTRI C WRE, FLAT CABLE, AND MOLDED ARTI CLE, VWH CH
ARE MADE USI NG SAME 5 Technical Field [,0001] The present invention
relates to a flame-retardant resin cor‘rplosition that is conposed of a
non- hal ogen flame retardant material and that has high flane
retardancy 10 and nechani cal properties, and an insulated wire, a
flat cable, and a nolded article tDESCRIPFIIOMNIe using the conposition.
Background Art [0002] Insulating coating | ayers of insulated wres
and insulating layers of flat cabldléofd@emiiBnn the fields of

el ect ronigg A3pp! LR r&?ji r m%qﬁf ir ki lggoﬂr
mechani ca pro&l?ltql es@\l@gﬁﬁglgnp e,be)g’(l:gl(r)(rﬁg’llﬁgwto the B% %ILL@SCETan ar (%E’
wi del y enpl BiAT CABLReANDEMDIADERIARTICAH, 3VHppHiASIE BEADERSING BAME
wires_and flat cables that use plastics such as pol yethyl ene as an

i nsulat or require to have an initial maximumtensile strength of 10.4
MPa or MpEBinicaPERAP3] Insul ated electric wires and flat cables
are also used in applications that require high flame retardancy. In
general , [000dhe retardancy in the field of autonobiles is regul ated
using a horizpntal flanme {.etaHa t test and.an inclined.fl ape test
and using a VEIGPESH DpERIARLIIFrARE A T (A et £ymBes iomthaigs

st andar dgorhfoskd 6f & h6h BaRfzer Nagik kaRidan2RaRAkl AAGRS haCABHETNORBrdhcy @
soft polyvinyl chloride conposition or a flanme-retardant resin

Compbibi t AshmetheaioabEropytihAnd gnansiitel e paBeisablcamtd # Brokiedariicle thehare
as a bron’iagéa-ﬁgs%% folmarsg. L&t ardant or a chlorine-based fl ane

r et ar dant W FH 2 ol yoq elftl n"resin such as pol yethyl ene, an

et hyl eneBadlpydundkry| at e copol yner, or an ethyl ene-vinyl acetate

copol ynmer _has been used as a material that satisfies the flame

ret ardanwo%d mechani cal properties. 30 However, a flane retardant

mat eri al contyal (iag, . '
25 hydrogen HPaatik SheRhe AR5 SLiEIRAL HRRERA) SR BRRE MM MAGHTUGRed
t husisnot inghy tiekds wE slcafrbyic pppliacesethd auforh R4 hre requirddnidesxhitiieged

ci rcunst ances, terials prepared by bl ending . a petal hydroxi de-base
lame romariainel BIBRTRS of gif heRopding o e %bﬁ&?@ﬁﬂwﬁ@w&ﬁoye

with a pﬁ'tﬂ@h?ﬁd‘d}" e[é?:%ﬂicself)gh R2s, RS REDWiRD nd AR ShlRY ltl?i‘ﬂﬁéeeﬁlﬁéﬂcss ch as
acryl ate copolynmer, or an t%yl ene-vi nyl bacetate copol yner® have Been
put i nt opgdyethylesahs arsmsilhtor repuaepd kaveRailinit)al ndaimwartgnsila soemgth of 10.4
achi eve ane retardancy acceptable in the vertical specinen flane
test VWXPBOTIIE-Y st andards by using a metal hydroxi de-based flane
retagdantopog | arge quantity of a metal hydroxide-based flane

retardant mist be added, and since the nechanical properties are

det eri or at ed Tasnlated elegtric wires dmdsflas eableslinkt falsouised troappdibitenns thed réqulte ngh

tard Onmechani cal ties. [.0005 terial t
ot ai noidmt RaRRES " B il HARE FeiariRnesRaRE el o€ auRaTeBHEY lsdoe el
achi evesygingdi By@£Lbnidl F®nd tadd e B ar dSanfilh Sidnddniidib teFiQind %R WrtidTL 2
di scl oses a non-hal ogen fl anme-retardant resin conposition obtained by

bl endi ngspacimendlanms gsiod Wel tgpid of thg USHikadplerdsdn tha ficld of clectronic
201 Y3 L eaSd ESSANLED AR BR it HiSbpliaRet {hbar g

COh‘pOSitl nas a C erature

[ 0006] 2RHklcokipoditipanditnddtvxaikines hilaganbaségflaheatiatfantsithias atbramine-
No. 7-145288 PTL 2: Japanese Unexam ned Pat ent plication

Publ i cat pased figme sesaniantermehlginaasyd Hampessiardenbyithadohicdefin pigsHehas

0007 , . Lde
| 0007) 23l an SOBAATRUAY, Bh 0 o Rl Ay, YR QL A AAE A0 cBfotymer
mechani clads beew paxitdsesmatarialibateatisfes ek {loevestandansi acdeneabeniohlqappatiess

generates toxi c phosphi ne upon .under gai ng conbustion, red phosphor.us
is ot %‘f"é\‘eﬁé’dﬁ?‘}l‘é ﬁ?’%%?‘a% ?‘PH&@H‘E&W&%P@%@E‘E Pf‘? .enfrﬁ'é}eéat‘?ss"o tigp

gas such as hydrogen halogenide gas harmful to human bodies when burned and is thus not

environmentally preferred.



5[ 0009] Fl exible Noryl available from SABIC I nnovative Pl astics Japan
LLC (former CE Plastics Japan) uses a m xture of a pol yphenyl ene
ether and a styrene-based resin or a thernoplastic styrene-based

el astomer as the base polynmer and contd& ns an organic
phosphor us- based flane retardant (phosphate ester). Since a

pol yphenyl ene et her has 10 higher flane retardancy than a

pol yol ef [000dhsed resin, the amount of the organic phosphorus-based

flame retardant to be added can be reduced. Fl exible Noryl of so
grade is useg{}a%eréhese|cg8%mﬁten%ssf@a@831tsipf@#ﬁéiﬂ@fr@sﬂm%m%aydwﬁbaﬁd

flexible i i Lradioat:i i ki
heat 1 ool ot LeiafBRAALy A€ ARHEAGR Kl e R Bk ATy RIS Wi BBkl
15[ 0010] resin such &b poliyathgleney an atfiyledeethyleeyltteicopelymenror ha ethytteeelimge d

a fl -retardant resjin conpositjon th uses, as pol.ynmer, a
i xt o o B GOTBRENAS PESLONAFo Bastial W I Sk Ep e i L paoRgves
el ast onepydepfhchitve iRl dleRanfdy bE&SpRble3N the AR @geéﬁﬁleﬁ) flamBtést VW-1 of

phosphor us-based flane retardant, a nitrogen-based flanme retardant,
and a pothgfliinstendards b 0sing aomdal hydwxade-based flame detetdent, rilargovinantithefi a
uses the_f sretardant .resi onmposi.tio The i.nventors, have fil ed
2 pat ent M Py LRTI B AR RR SRR R biitics: A5 S B BannRl pripeifes
i nsul at eghe@leRelordted MM 4 RshidSt B teeh HBBUIE & AhE0 Gy tfin IR M And
properties and exhi bits high heat resistance and heat deformation

r esi ¥t aneechdnessl prepertiesi n i s crosslinked. [0011] 25There are a

vari ety ﬂ{oﬂggpes of heat resistance required of the insulated
electrictwres. One of the test itens is the heat resistance with a
conduct or at t Aekietial klint patithing bbdra manl hydrukidt iang rddpteeplestds @nd thereby
conductor (metal) are _brought into contact with each aother and |eft

as they @haevenimproyed flamg rétgrdagey isqdpodknepmnat Fer gramapledellal disslogsip non-
then th i doi ] t [ . [
been 1 ool FtL bbb Bind 6y CORPLBbRGLLRE by berBh LALALhy dibxdESnd red
30abidv e- piesphorae evithl sy olefimbdsedtresie and ae ansplasidt wina thaouses ithie sohpeditson
to satisfy the required properties under stringent test conditions.
The reas®? FEHUNEHT 61?63- not exactly clear. Presumably, the phosphate
ester cophgifedis n the flame-retardant resin conposition 4 interacts
with the netal and deteriorates the properties, or the flexibility of
t he fl| anBatewtlztedadnte r esi n conposition is decreased by incorporation

of a ni t{(ﬁggﬂ based flane retardant. [0012] 5It is an object of the
pr esent tion to provide a flane-retardant resin conposition that

has gyt h mechayyi, ¢ ajapRial ¢rek Sk PaichfABplictiah PaptoatidANd. hafl45088
satisfy stringent heat resistance requirenents, such as heat

resi stance wRH 2: lapantse {mexamingd Retent Application Reblication No. 2893-16070°r e,
a flat C$b| e, anﬁ arﬂol ded article that are nade using the

f1 ane-r et 2 dant &<t 10c?orrposi tion. 10 Solution to Problem[0013]

An i nvenTédbRicgEPiobiit h in Caiml1l is a flane-retardant resin
conposition including a thernoplastic resin, a polyfunctional

monomner , [08Adl an or gani ¢ phosphorus-based flanme retardant, in which
the gshermopl agtiG 4 &gl Q?S&Qtto%{éﬂ(%mé%i H{drﬂ%ﬁ% afllie %e‘}EdL?ceﬁ%g'u@ing%’d ng
a 15"carbon-carbonunsaturated bond of a resrn having a carbony

group r epladsphdrut and bethdhanid retdrdeerand asthaicad propertidseanbgactieved.
phosphor us-based flane retardant is at |east one sel eat ed, fromthe

group coHSWEY§nYnestred PhetRhorysHEsapiafes 40°C PROSPRINGHPRB UBATIEpIRgcambustion,

conpoun ﬁmgg&i- Aalsl fPHM:m: 2rsB8: hosphaz
conpoungreg%tﬂgl ne bigmr)f)ﬁg-opgtrﬁoﬁgggg ynerlé}g%iponsao‘%t%%ycl oglﬁogp %gene,
and t he mobleanstf thé insantiap dayer beippeslohal bysred2bobimeds. f | ame r et ar dant

is 5 to é]gs ﬁarts by mass relative to 100 parts by mass of the
ther3r90pl Bt resin and the content of the pol yfuncti onal nononer is

Although organic phosphorus-based flame retardants such as phosphate esters are

known examples of phosphorus-based flame retardants, the flame retarding effect thereof



[0018] The thernoplastic resin preferably contains 50 to 100% by nass
of an ethylene-a 25 ol efin copolyner having a carbonyl group and the
et hyl ene-a ol efin copol yner having a C%If’ bonyl group has a conononer
content of 9 to 46% by nass and a nelt flowrate of 0.3 to 25 g/ 10
mn (Caim4). An ethylene-a ol efin copol yner having a carbonyl group
has high flanme retardancy and can strike a good bal ance between

pr oper t i BinaxBciented saisfactaiyofilane Podrdaridyds noteehivetd ulbssvphosplatd dfdR} arc
is a value neasured in accordance with ASTM 30 D 1238 at 190C an

| oad of Ysedan iggee AeRMisps- IHF%I?I’&?P%%FYS o %@P“ﬁ%ﬂnﬂﬂl%y"lﬁ’dﬁy‘ﬂegﬂ‘
relativ RS x0le b SulkiiRs BPR A ohposRhiwhéh 2bdBdT 1
When thgb%"?g%%?%spg{%?gﬁgfus-base% ??Lg?re r et ardan%rﬁjgnd t he e
ni t r ogenglemsidds, fit ather wetrds; Hizadowoecursed t oget her, the flane retardant
properti foi] 8ﬁn be further inproved. Mel am ne cyanurate is preferably
used -as 9 itrogen-based flame retardant (Caim6). 5[0020] A
phosphat e est@xihfe NESA §YARb ot IREICCRAb AR PlAGCE MPaR LYENHSrmer GE

phosphorus-based flameé retardant (Claim7). \Wen an organic
phos phor Blestiesslepar) luagsen méttarecfrat polynhehylane etberandphaissné-haged resiaor g

high flape retardancy is used together wth an phosphat. ster.. the

fl o + CTRPRSHE e ar s Spse] st B e oot Bo b ARE QR &7 LB iy
i mpr ovedphokBh&@d bhsed flame baridit Qﬁﬁdsﬁﬁlaté gite) Or Sthcé B pelyphenyBeriesetiver has

insulated wire including a coatin ayer conposed of any of the

f 1 ank) r ekigheraflame reardancyipesd poldﬁgﬁaé@é@d 158, s gmounief the pessnicon set

forth in_C ai i f i i i | gl i

ayer angosPpys g el b Al A bPRedBSE HLBBIIARY Bkome
ar r angedgiaiél &-gd 95 Aeeletiricheird osting imatgrial ScHatve v, siageeflexibla Nulylodanhdte
insul ating coating |ayer is cqonmposed of any of the flgrre- r. et ar.dant
resin cobpBtiedtesHs igadiaiphegsapbing, theheptreaistnemanddhe heptdgtqrmatipn,; m
10 is a t: .oht ai ned by injection-nolding any of the
flame-re a%rs%gg? %eégﬁrfﬁ%lgﬁtbosi tions described above. [0022] 20An
inveri i ofp0der forth in Caiml1ll is the insulated wire set forth in
Claim 8 that passes a vertical specinen fla tes VW1). An .

i nvention setﬂfeomf’ FPIS O%Iﬂ%ﬁ ?ﬁeﬁ@_t ?%Veflﬁ%n ??V&Jgg'ﬁlﬁf’gi %gf”nFﬂ%tﬂﬁﬁPWeéﬂnai m

9 that p it I ElskS, 681y HARESAIVRR:, fal iRt 884 pbiY¥Mdnylenf@upitAgEOUS

Effects of Tnvention [0023] 25Actording to the present invention,
bot h necthanhealhstiprstypend-basd ahdtomerandrastdeftehasgd cenin, lapd sehfhies ed ogaica

flame-retardant resi.n, co si,tion havin rdicul ar hi gh h .
ol ot antbSAG eI o B nyopipe g e TRl Ao g bapagtiond!
nadeypsi fgnbier il BFEnERLRE SBRYrid Wik that QSR HAR r&@idaReresRicapBStion.
Descri ption of Enbodi nents 30[ 0024] (Phosphorus-based fl ane

r et ar danthe ivtvertorsdhaye fiherd a pafastdpplieasionmdet Apmlicaten Naaber 2@5-H00975.

i tipon.of th 7. ' Al '
casent i aFRBAmERY B EF Wirad ol Rulbic A AR ER AR e 05
is at | eagfibiey gl AbActRdaddeamdhRe: dbfértion nesiSiicagvieh the fsindb crosslinked.

phosphi nat e, a nel am ne phosphat e conpound, an ammoni um phosphate
cormpound[@CahH a pol yphosphazene conpound obtai ned by ring-opening

pol yyeeri zat i f i , ot
Phoshni nate AAstirgR HALARERIRARERRR o AR rLAERR of T cd legiipyise
met al phOapbf thettest itema icthrtesndsisapcewibhedndyctdrattaviied. ( [) plrdbatar, ahn
the fornmula, R _and R2 each i ndependently represent an. al kyl gro

havi ng 1IF@ladng lypoindipcandyaier gre aafquougﬁfdm? RRACHY!H 52 otpgiand left as
car bon : ol ;R [ bl Al ,
Chen m 5y B R R e i 4T hiof B P i A e Ay e
R2 m 15[ edlEling layer iecaalphied. oft Hab beerefoahd o thehinndated electrigdeireahsimg tham

OP12b. BRI RS PSR TR T 0 i RIS

properties under stringent test conditions. The reason for this is not exactly clear.

Presumably, the phosphate ester contained in the flame-retardant resin composition



5[ 0031] These organi ¢ phosphorus-based flane retardants may be
used alone or in conbination. [0032] The flane retardancy can be
further inproved by using phosphate esgfr together 10 with the

or gani ¢ phosphorus-based fl ane retarda Exanpl es of the phosphate
ester include trinmethyl phosphate, triethyl phosphate, triphenyl
phosphate, tricresyl phosphate, trixylenyl phosphate, cresyl phenyl
phosphat interace swith tBe metallaad vktepibrsgshihe propeties ol theyribility of the flame-
di phenyl phosphate, 1, 3-phenyl nebls(dlphenylphos hat e)

1, 3- phenyat@anrefia .coalPeSltlszl}tseCﬁyteﬁ proSpHigepOration pﬁ@ ﬁl&t%&n—based flame
bIS(deh gﬂpsphate) resorci nol bisdi phenyl phosphate, 15octyl
diphenyl osphat di et hyl ene ethyl ester phosphate, di hydroxy
propernéKHaﬂyl ester phosphate et hyl ene di sodi um est er phosphat e,

tert-putyl phe yI n hate, .bis(tert-b | phenyl henyl
phosphat o, |t 114 £ EDFCIRH o Ry F B Ripuce A SDE Rt AT

di phenyl ¢ M that Héssbo@l ﬁfé@l’iaﬁt@é’l Pﬂﬁ;@ﬁieﬁ afld ﬂ%@%&tﬁ%ﬁ&pﬂﬁf tBat can satisfy
tris-(isopropyl phenyl) phosphate, tris-(2-ethylhexyl) phosphate,

tris- (buBtmmgettﬂljcat)repht@smqelremﬁmtssusbamhﬁgﬁt rezatq@hegvpth@tc@nductor attached,

L T N T e

but y phogﬂh@r}bar@ﬁtfbsm&mohwonpropyl phosphoni ¢ acid,
tert- butgpﬁ@osphonlc acid, 2, 3- dlnethylbutylphosphonlc aci d,

oct yldho An& Bedbéem phenyl phosphoni ¢ aci d, di et hyl phosphi ni ¢ aci d,
nethyletﬂy ﬂosphlnlc aci d, nethylpropylphosphlnlc aci d,

di octyl phosphi nic acid, 25 phenyl phosphinic acid,

di et hyl phenyl Ah@ﬁ\fﬂilhﬁh getefoithlin Glapheniy lafhosiRiarimt assidcompabitidnkiytluding a
phosphate ester., [0033] The organi ¢ phosphor us- based flane

r et ar danthesmpplastic r@§m5a pelyinmgtiprg! mongnerad aprganic,Rhasphorye bser dlamsy

mass of F&ﬁd&ﬁe{nhmgﬁ%ﬁﬁ{é the %tw%cérﬁ&ing ??ﬂt @pltnaéssor ore O?E?&léha;\gn a

parts by nass ame ret ancy i s Insu ent en the conten
excekils dfbopasrbsn bysamaated Hohé ome mdswmhmahg P pm]benyll geoupmrchative ¢u tetedtire

The organi ¢ phosphor.us-based. fl ane ret ma treated with
mel ani neﬂleﬁﬁf' At eEiP ol ORABIC FHSPYOrLi-Pes e Gl ek s 78 @ouIe setpeted
agent angysigd ordilpt ShSidting 6 a/metangﬁ&%ﬁufate ﬁ%&i’éﬂﬁﬁl’e @)goamate%ﬁqpound an

treatnment 1 n advance, 1ntegral blending by which surface

pr epar at ammoagmphosphatetcbedlpdund ragd mpoil)q:glosphahem: ttohmonnqbbh‘@med bwemgn
may be conducte Q034 sinh can sed a e thernD t|c
osi ne imEs bolimkBgtithal SHoRETERafeRg bR ST g 1 CaPUORALeR

unsagir abedd PRRR Bfard@nt B 1 1MAVWaRS b? n@e@.& taaatwe 191100 Pafy B P ndSs thhe

pol yphenyl ene et her-based resin, ? yet hyl ene terephthal ate,

pol ybut ythenaople‘rtwhmnanétlte coatanh ef the o iopel yeseraer iel 42 26 perts bumass
thernDpIa tic ur ane el ast st yrene- based t hernopl astic

el ast omel® ahet’e % ﬁ%ﬁénﬁa tzt% bplr%‘y CIyesma t her nopl astic 10

pol yam dpoah stoner a pol yol efi n- based resin having a carbon-carbon

unsat urat ed bond, and a ponoIefln based resi.n having a carbonyl
group need belkwhame reardanotanddEpbeat resistanee v ¢ peuduReF Atkhad phrebe

obt e hed Hyrous WEAHRHERALERE B oy A8 oM ARSI AR Ehosphipate.a
from net hﬁl@imﬁpﬂoﬂpb&tﬁ&bn‘@%mﬁ(ﬁmImirﬁdirhainqnho‘sfaﬂate)@mnﬁqtmémﬂa materi al s

prepared by nelt-blendi ng polystyrene, HI PS rene- but adi ene
rubber, Bel yahqwﬁ@r’@@%ﬁoeaam QRkaint be shewpeRing Pa arA %&e ether so

as to i e commercially
avai | abl (9 ﬁ%@ﬁ?led pogé&%eny&gﬁgJ H% %%gﬁﬁgka gﬁgbove ment i oned

ponphenyKHﬁp et her resins alone or a pol yphenyl ene 20 et her reS|n
nel t - bl ended wit ol yrene, P tyrene- but adi ene r ubber
et i aga Tha el it ERG sl tober L IENGL D TS HErHROT frsPe pas e

having low flame retardancy, such as polyethylene and polypropylene, are used, the flame

retardancy may become insufficient. Thus, 5% by mass or more of a resin having a



pol ymer of a diisocyanate such as tolyl ene diisocyanate and a
short-chain diol such as 5pol yethyl ene glycol, and a soft segnent
constituted by a bifunctional polyol or_the Ilke Dependi ng on the
type of the bifunctional polyol constltiulng the soft segnent, a

pol yet her series that uses pol ytetranethylene glycol (PTM3, an

adi pate type, a caprol actone type, a polycarbonate type, etc., can be
used. O cérbesearbon anfmmafe@ tand bBa feshahaligs s cabod g(l)diu;i lesving lsigh flame
preferably sel ected. 10[ ﬁ npl es of fhe thernoplastic

pol yani d&tNaRyIRRT bFﬁ@P’@H’é BElgive @dﬁ%@%@ﬁ%ﬁ%ﬁ Hei568d by a
crystallt Eard segnent such as 6-nylon, 6,6-nylon, 11-nylon, or

12- nyl on, an anor phous soft segnent such as pol yoxynet hyl ene

gl ycol , e. g , Tixoihgtreoplastietrhsih prufereblyeontlinscdhb by s 0d@iore of at least one
Exanples t functional r .incl] ude. no rs.havjng two or
mor 6 %ar RO et onal, oo el e, Tenout o oyl A
seri es, Ml@cé jao?ﬁ?dtﬁéne feEépﬁﬂfaYdt@Ta%héﬁ{dp‘i‘a%txc PEReSEL dagsntah e
series, hacr late series, trimethacrylate series,

triallyl tlsunyldasjmaloémethmdammet, msairtrgﬂ—bgsaqhﬂleameplsﬁm edastorférea
polyfunctlonal 20cgntent is 20, par.t s .by mass rel atd ve t
100" par ¢ EO5 TrraE TG IeRE. SYIBb i priatinits e SONRRAS e BRE &b B fekd

1 part DyesiPsSind 1@arbémesbbh Gkiatgarl besd, and ajlyMfiabied résnthdJinsa t he
heat deformation resistance and the heat resistance are deteriorated.

At alContahend geawdi(Hyopd). pdiese 1syinphavs reldivelyrialoAems reteandy and thus
unreact ed A TN }mh S L g%rﬁantl e%e%rg NIt lt}§e Hﬁ}lg ét%dﬁﬂt%%m %gllngg Ah%n
An anti oXi dam B Orubri cant oa processing I Zer or|ng
agent, aﬂhﬂqynng agent, a strengthenlng agent afiller, a granule

agent, a metal inactivator, a silane coupling agent, etc
added as | onglhesthemeorlpstisaesin pralerallyyeoniaenst> @GP hﬁmaéw%mlgﬁlsﬁ%@ne

and nech 0 h as
o maneeERlsePRARERL oty 8 fnOihydicetainfto SoTB MasDUEY SiE sl ©
a ni 13 ogdrmasedicidlammnmerchnad 8lanT0% u]nghnaa;s ofie Ipalyiotnéinehsasedafeam (G#aim 3). A
cyanurate nay al so he added. .[0044] particul ar, use. qf_.a
ni t rogenp%lag%wi ﬁ@ler Dpsedgssin ag%eﬁf%tm@} ﬁ@reéifn hawe aﬁﬁtwgla@ﬁﬁﬁ}%%e
is pref efegﬁaad j 0 ﬁgénet-ﬁasE&'fﬁeHﬁB 15&%@(5%0&1&@%5 g&&fﬂé}m}‘i fusion

ni trogen- ase& ret ardant c%nten I's 3 to 100 parts nass

rel ati veptooesbﬁlﬁlmaamd;cdlmpardﬁktyohth Payplivayleop Iet-lsr basede&um aanan tlmsélelp

content is |les tha arts h e eff 0 V|n

flans r etEHass, eRfubbyhen Ut s et S HOR B 8 dgj Pelp
nmassyg t hﬁnﬁ%@@ﬁ‘f@bl@&%ﬁcﬂ) pRRRFdsAd @ﬁl‘%us‘i’&gﬁl%@@égabﬁ@ OIVYRdH these resins are mixed
phosphorus based flanme rétardant selected fromthe group conS|st|ng

of a met &l a phldbdplanesst manzerthé arechanigah puyietties and ipotlame refardaneirean bm
phosphate co und, and a pol yphosphazene conpound obt ai ned by

ri ng- opelH§VPbl yneri zati on of cycl ophosphazene has a pl asti ci zi ng
effect apgigp thus the flexibility is not |owered even when a

ni trogen-based flame retardant is used in conbination. [0045]

Parti cul ar anbherthermagplagtie res;nrpmf@ﬂbly coatainsi Wetd 146% ey mpss afiapathyigne-o

usi m.xer such as S usi o m xe
opents o DI eapobRep e f s PRSHatnp 451 FAETPHES o BLHEIRY I AEvinge
twin screm, O@l’tﬁzﬁrhas Acobiohiek @oﬁtan%%% R68, by AUEs frRtAhdaRbwaRIdF 0.3
conp05|t|on ese, a twin screw extruder i's preferred since it

has hi ghtdktegdd nagn p@laﬁmréhjanAﬁ ethydierer@ dledini oaopbgymeﬁ bevi6 a Thebonylsgrbep bab
Wi re has,  a coatin yer conposed of ve described fl a
r et ar danbighdlgme re%ré?@e}'fap Rerbsteike ﬁgoeti)gfl ehyyesn Rrepffre?w&ngﬁwec&lﬁ%
on the c ct t t '
coating Tonsy oas ot o BER OBl el ANEE ngRgﬂfn%ﬁun&éé%?ﬁéﬁq? AR T
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[0019]

A nitrogen-based flame retardant is preferably further contained as a flame retardant



30A nol ded article is obtained by injection-nolding the
flame-retardant resin conposition. As with the insulated wire and the
flat cable, the nolded article obtained by injection nolding is
preferably cross-linked by irradiation " th ionizing radiation to 14
i nprove the heat resistance. EXAMPLES [ 0053] Next, the present
invention is described in further detail by using exanples. 5Exanpl es
bel ow do imad ambuntt3 tbH@0acp by afass edativeas @60 pants/entiassof thiotherthbpslbstic resin
"parts" in tables ans "parts, by nass" unless otherw se nated.
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(Phosphorus-based flame retardant)

Materials that constitute the flame-retardant resin compeosition of the present



5 heat resistance were eval uated by renoving the conductor fromthe
insulated wire obtained so that only the coating | ayers were

subj ected to evaluation. [0060] (Exanples 20 to 22 and Conparative
Exanples 11 to 18) Fl ane-retardant resin conpositions shown in Tabl es
IV and V were used. Eight 10 conductors (flat rectangul ar conductors
0.15 mmin thickness and 1.2 mmin width) were arranged side-by-side
at 0.8 ninventiar wil 30\(1 pt dederibad.O Thﬁesmﬂabamhpcﬁﬂeanﬁmt}ﬁagdﬁmphm@hbms-
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beam was i %Hﬁ{’

cabl e. T?u n%%ﬁ ?Eense%?lﬁg@ﬁ%)ﬁﬂ]tl ocﬁﬂl \6%& %%n ct e?ill}{% o%@g%@iﬂ%%ﬁpa#gsa
23 to 25pai5lﬂhd§phmnatmmpo®daﬁmmn@d HPrihg-ofdning polymeﬁlzamn-ufet ar dant

resi Si ns sho in Tables VI and VI e ch extr ded by. a
TGl ox IO RRE R, MBS sgrelaliorghiat B Bef Bhmy SSeuney s
(thi ckneggis pleteydd SO that the thickness was 30 i.un to prepare a

pol yest er fPI m bonded tape. Twenty seven 20 conductors (fl at
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A seld) esat@msman aa»tl gmvn/t@ylr@w@prd@ssm@towé\d Aems pgRIscalclpR.openiiuas
and heat 25 [ &8 iy ed r ing a filmconposed of
the flan®-7er ar I?fngls,ﬁénconpgéﬁcfﬁoﬁ21?{8%39%1%%0”,[ a polyester film
bonded t[mge}o [0062] Fl ame-retardant resin conpositions shown in
Table VII1 were each injection- nolded by using SE18D produced by
Sumi t ono Ql]@gy)l | ndustries, Ltd., (maximum 30 clanping force: 176 N)
into a J}JS 3 dunbbeN—speci nen havi ng a thickness of 0.5 nm Then a
series df eval Gition)was conducted. "Heat resistance with a copper
foil woynd" wal| eval yated by w ndidd a copper foil around a parall el
portion |atRt hepcenber| of JIS-3 17 dunbbel| specinmen three tines
and pl agi ng th&speci men a Ceer oven set at 158C for 168 hours (7

days) fqgr agi ng2 Therf the copper foil was renoved and the portion
previous|y covered wjtRh the copper foil was bent by 180 degrees.
Speci mens~t hat und nt cracking or breaking were eval uated as not
acc a8ﬂ0<§27]5[0063] 18 16X3 =tE .67/ cla6 ,- oCDEE " F 2 -
ct3 aal as Eiii 28 ILI. 1093 SSed 9.91. 1061 (09)

SSEd 99 | 9X3 fxahples othe fhet al@h@%hﬁzate 1EcludE§11ﬁﬂ1nmﬁ@aﬁ@oiQ)r§arE8pH0$Mn@
E di< 1- 8 Conductor inclu wres 0.16 01
acid such as EXOLIT OP1230, EXOLIT OP124() EXOLIT OP930, and EXOLIT OP935
produced by Clariant K.K. and a blend of melamine polyphosphate and an aluminum salt
of an organic phosphinic acid such as EXOLIT OP1312.
20 [0028]

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

25 [0029]
Examples of the ammonium phosphate compound include ammonium

polyphosphate, amide polyphosphate, amide ammonium polyphosphate, and carbamic acid

polyphosphate.
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[0030]

Examples of the polyphosphazene compound obtained by ring-opening
polymerization of cyclophosphazene include SPR-100, SA-100, SR-100, SRS-100, and
SPB-100L produced by Otsuka Chemical Co., Ltd.

5 [0031]

These organic phosphorus-based flame retardants may be used alone or in

combination.
[0032]
The flame retardancy can be further improved by using phosphate ester together

10 with the organic phosphorus-based flame retardant. Examples of the phosphate ester
include trimethyl phosphate, triethyl phosphate, triphenyl phosphate, tricresyl phosphate,
trixylenyl phosphate, cresyl phenyl phosphate, cresyl 2,6-xylenyl phosphate, 2-ethylhexyl
diphenylphosphate, 1,3-phenylenebis(diphenylphosphate), 1,3-phenylenebis(di-2,6-
xylenylphosphate), bisphenol-A bis(diphenylphosphate), resorcinol bisdiphenylphosphate,

15 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

20  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,

25  phenylphosphinic acid, diethylphenylphosphinic acid, diphenylphosphinic acid, and alkyl
phosphate ester.
[0033]

The organic phosphorus-based flame retardant content is 5 to 100 parts by mass
relative to 100 parts by mass of the thermoplastic resin. When the content is less than 5

30 parts by mass, the flame retardancy is insufficient. When the content exceeds 100 parts
by mass, the mechanical properties are degraded. The organic phosphorus-based flame

retardant may be treated with melamine, melamine cyanurate, fatty acid, or a silane
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coupling agent and used.  Alternatively, instead of conducting surface treatment in
advance, integral blending by which a surface preparation agent is added during mixing
with a thermoplastic resin may be conducted.

[0034]

Any resin can be used as the thermoplastic resin. However, 5% by mass or more
of a resin having a carbon-carbon unsaturated bond or a resin having a carbonyl group such
as a polyphenylene ether-based resin, polyethylene terephthalate, polybutylene
terephthalate, a thermoplastic polyester elastomer, a thermoplastic polyurethane elastomer,
a styrene-based thermoplastic elastomer, a polystyrene-based resin, nylon, a thermoplastic
polyamide elastomer, a polyolefin-based resin having a carbon-carbon unsaturated bond,
and a polyolefin-based resin having a carbonyl group need be contained with respect to the
entire thermoplastic resin.

[0035]
A polyphenylene ether is an engineering plastic obtained by oxidative

polymerization of 2,6-xylenol synthesized from methanol and phenol as raw materials.

. Various types of materials prepared by melt-blending polystyrene, HIPS, styrene-butadiene

rubber, or a hydrogen additive thereof with a polyphenylene ether so as to improve the
moldability of polyphenylene ether are commercially available as modified polyphenylene
ether resins. The above-mentioned polyphenylene ether resins alone or a polyphenylene
ether resin melt-blended with polystyrene, HIPS, styrene-butadiene rubber, or a hydrogen
additive thereof may be used as the polyphenylene ether-base resin used in the present
invention. A polyphenylene ether having a carboxylic acid such as maleic anhydride
introduced therein may be blended and used.

{0036]

Examples of the polystyrene-based resin include polystyrene prepared by
polymerizing styrene and HIPS in which rubber is dispersed. A polystyrene-based resin
into which maleic anhydride, an epoxy group, or oxazoline is introduced may be blended
and used.

[0037]

The styrene-based thermoplastic elastomer is a block copolymer including a

polystyrene block and a rubber-component block. Examples of the styrene-based

thermoplastic elastomer of the present invention include a styrene-ethylenebutylene-
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styrene copolymer, a styrene-ethylenebutylene copolymer, a styrene-ethylenebutylene-
olefin copolymer, a styrene-isoprene copolymer, a styrene-cthylene-isoprene copolymer, a
styrene-isoprene-styrene copolymer, and a styrene-ethylene-isoprene-styrene copolymer,
and chemical modified polymers such as hydrogenated polymers thereof, partially
hydrogenated polymers thereof, maleic anhydride-modified products thereof, and epoxy-
modified products thereof. Examples of styrene-butadiene rubber include a styrene-
butadiene copolymer having a styrene content of 30% to 60% by mass, a hydrogenated or
partially hydrogenated polymer thercof, and a maleic anhydride-modified or epoxy-
modified product thereof. These may be used alone or in combination.

[0038]

Examples of the polyolefin-based resin include polypropylene (homopolymer, block
polymer, and random polymer), polypropylene-based thermoplastic elastomers, reactor-
type polypropylene-based thermoplastic elastomers, dynamically cross-linked-type
polypropylene-based thermoplastic elastomers, polyethylene (high-density polyethylene,
linear low-density polyethylene, low-density polyethylene, and very low density
polyethylene), an ethylene-vinyl acetate copolymer, an ethylene-methyl acrylate copolymer,
an ethylene-methyl methacrylate copolymer, an ethylene-ethyl acrylate copolymer, an
ethylene-ethyl methacrylate copolymer, an ethylene-propyl acrylate copolymer, an
ethylene-butyl acrylate copolymer, ethylene-propylene rubber, ethylene acryl rubber, an
ethylene-glycidyl methacrylate copolymer, an ethylene-methacrylic acid copolymer, an
ethylene-methacrylic acid copolymer, and an ionomer resin in which a metal ion such as
sodium or zinc bonds between molecules of an ethylene-acrylic acid copolymer. Resins
obtained by modifying these resins with maleic anhydride etc., and resins having an epoxy
group, an amino group, or an imide group may also be used.

[0039]

Among the olefin-based resins, a carbonyl-group-containing ethylene-o olefin
copolymer having a comonomer content of 9 to 46% by mass and a melt flow rate of 0.3 to
25 g/10 min has particularly high flame retardancy and thus the flame time can be
shortened. Although the flame retardancy is improved with the increase in the
comonomer content, the price of the resin rises with the comonomer content. Thus,
considering the balance between the flame retardancy and the cost, the comonomer content

is preferably 9 to 46% by mass.
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Depending on the type of the bifunctional polyol constituting the soft segment, a polyether
series that uses polytetramethylene glycol (PTMG), an adipate type, a caprolactone type, a
polycarbonate type, etc., can be used. Of these, one having a JIS A hardness of 95 or less
is preferably selected.

10 [0041]

Examples of the thermoplastic polyamide elastomer include block copolymers
constituted by a crystalline hard segment such as 6-nylon, 6,6-nylon, 11-nylon, or 12-nylon,
and an amorphous soft segment such as polyoxymethylene glycol, e.g., polytetramethylene
ether glycol.

15  [0042]

Examples of the polyfunctional monomer include monomers having two or more
carbon-carbon double bonds in a molecule such as monoacrylate series, diacrylate series,
triacrylate series, monomethacrylate series, dimethacrylate series, trimethacrylate series,
triallylisocyanurate series, and triallylcyanurate series. The polyfunctional monomer

20  content is 1 to 20 parts by mass relative to 100 parts by mass of the thermoplastic resin.
At a content less than 1 part by mass, the cross-linking effect is not obtained and thus the
heat deformation resistance and the heat resistance are deteriorated. At a content
exceeding 20 parts by mass, some monomers remain unreacted and thus flame retardancy
is deteriorated.

25  [0043]

An antioxidant, a lubricant, a processing stabilizer, a coloring agent, a blowing
agent, a strengthening agent, a filler, a granule agent, a metal inactivator, a silane coupling
agent, ctc., may be added as long as the flame retardancy, heat deformation resistance, and
mechanical properties are not degraded. A metal hydroxide such as aluminum hydroxide,

30 magnesium hydroxide, or calcium hydroxide and a nitrogen-based flame retardant such as
melamine or melamine cyanurate may also be added.

[0044]
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In particular, use of a nitrogen-based flame retardant such as melamine or melamine
cyanurate is preferred in order to further improve flame retardancy. The nitrogen-based
flame retardant content is 3 to 100 parts by mass relative to 100 parts by mass of the
thermoplastic resin. 'When the content is less than 3 parts by mass, the effect of
improving the flame retardancy is little. When the content exceeds 100 parts by mass, the
mechanical properties are degraded. An organic phosphorus-based flame retardant
selected from the group consisting of a metal phosphinate, a melamine phosphate
compound, an ammonium phosphate compound, and a polyphosphazene compound
obtained by ring-opening polymerization of cyclophosphazene has a plasticizing effect and
thus the flexibility is not lowered even when a nitrogen-based flame retardant is used in
combination.

[0045]

Particular amounts of the components described above are mixed by using a known
mixer such as a single screw extrusion-type mixer, an open roll mixer, a pressure kneading
machine, a Banbury mixer, a twin screw extruder, or the like to obtain a flame-retardant ‘
resin composition.  Of these, a twin screw extruder is preferred since it has high kneading
performance and productivity.

[0046]

The insulated wire has a coating layer composed of the above-described flame-
retardant resin composition and the coating layer is formed directly on the conductor or on
another layer on the conductor. The insulating coating layer can be formed by using a
known extruder such as a melt extruder. The insulating layer is preferably cross-linked
by irradiation with ionizing radiation.

[0047]

A highly conductive copper wire or aluminum wire can be used as the conductor.
The diameter of the conductor may be adequately selected depending on the usage but is
preferably 2 mm or less in order to enable wiring in narrow spaces. The diameter is
preferably 0.1 mm or more from the viewpoint of handling ease. The conductor may be a
single wire or a twisted cable constituted by two or more wires.
f0048]

The thickness of the coating layer may be adequately selected depending on the

diameter of the conductor., The thickness is preferably 0.1 mm to 2 mm from the



20 | O1.

"' TO 1 09 1 09 0 gz 0.4 mt 9.cl, 99 NORIO

917Z Ilied 39 823 1 001. | Ul | az 09? 91. OV Noato
931. 02? lied 09 a3 13

10

15

20

25

30

viewpoints of the insulating property and the flame retardancy. Flexibility is improved
when the thickness of the coating layer is small but the flame retardancy cannot be
maintained if the thickness is excessively small. The insulated wire according to the
present invention is advantageous in that the flame retardancy sufficient to pass the VW-1
flame test is obtained even when the thickness of the insulating layer as a whole is small.
[0049]

The coating layer is preferably cross-linked by irradiation with an ionizing radiation
since the mechanical strength is improved. Examples of the ionizing radiation source
include an accelerated electron beam, a gamma ray, an X-ray, an a-ray and ultraviolet ray.
Of these, an accelerated electron beam is most preferably used from the viewpoints of
industrial utility such as ease of use of the beam source, penetration depth of the ionizing
radiation, and a cross-linking rate.

[0050]

A flat cable is obtained by arranging a plurality of conductors side-by-side spaced
from one another in the insulating coating layer composed of the above-described flame-
retardant resin composition. A conductive metal such as copper, tin-plated annealed
copper, or nickel-plated annealed copper can be used as the conductor. The conductor
preferably has a flat rectangular shape and a thickness of preferably 15 pm to 200 pm
considering the flexibility of the flat cable although the thickness of the conductor depends
on the amount of current used.

[0051]

The flat cable may be formed by extrusion-molding the flame-retardant resin
composition with conductors arranged side-by-side or by preliminarily forming two films
composed of the flame-retardant resin composition, sandwiching conductors arranged side-
by-side with the two films, and thermally bonding the films. The outer side of the
insulating layer composed of the flame-retardant resin composition may be coated with a
polymer film such as polyester, polyimide, or the like. As with the insulated wire, the
insulating coating layer is preferably cross-linked by irradiation with ionizing radiation.
[0052]

A molded article is obtained by injection-molding the flame-retardant resin
composition. As with the insulated wire and the flat cable, the molded article obtained by

injection molding is preferably cross-linked by irradiation with ionizing radiation to
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improve the heat resistance.
EXAMPLES
[0053]

Next, the present invention is described in further detail by using examples.
Examples below do not limit the scope of the present invention. Note that "parts"” in
tables means "parts by mass" unless otherwise noted.

[0054]

First, measurement and evaluation methods conducted in the examples below are
described.

(Mechanical properties)

Coating layers of an insulated wire and a flat cable were subjected to a stretching
test (stretching speed = 500 mm/min, gauge length =20 mm). The tensile strength (MPa)
and the elongation at break (%) were measured using three samples each and the average
thereof was calculated. A tensile strength of 10.4 MPa or more and an ¢longation at break
of 150% were set as acceptable levels.

[0055]
{(Heat resistance)

An insulated wire and a flat cable were left in a Geer oven set at 158°C for 168
hours (7 days) and then subjected to the same stretching test as one for evaluating
mechanical properties. The results were compared with the tensile strength and
elongation at break before the heat treatment. A 75% retention or higher with respect to
the tensile strength and elongation at break before the heat treatment was set as the
acceptable level.

[0056]
(Flame retardancy)

Five samples were used to conduct VW-1 vertical specimen flame test set forth in
UL Standard 1581, paragraph 1080. Flame was applied to each sample for 15 seconds
and removed and this was repeated for a total of five applications. Those samples which
ceased to flame within 60 seconds, with which the absorbent cotton placed below was not
ignited by droppings, and which did not burn or scorch the kraft paper placed above were
assumed to be acceptable. If even one of the five samples failed to reach the acceptable

level, that example was assumed to fail the test. The flame time (time from when
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application of flame is finished to when the flame was ceased) was measured on some of
the samples.
[0057]
(Heat deformation resistance)
Heat deformation resistance was evaluated according to JIS C3005. An insulated

wire or a flat cable was preheated in a thermostat set at 140°C for 1 hour. Then a jig
having a diameter of 9.5 mm was pressed against the insulated wire or the flat cable to
place aload of 500 g. The thickness of the insulating layer after being left in a 140°C
thermostat for 1 hour under the load was measured and the retention relative to the
thickness before deformation was calculated. A retention of 50% or more was set as an
acceptable level.

[0058]

(Heat resistance with a conductor attached)

In the case of an insulated wire, a sample wound around a metal rod having a
diameter equal to the diameter of the insulated wire was used. In the case of a flat cable,
a sample bent in a Z shape (bent by 180 degrees at two places) was used. A sample were
left in a Geer oven set at 158°C for 168 hours (7 days), and the appearance of the
insulating layer was observed. Samples that had cracks or breaking were evaluated as not
acceptable and those that did not show much change in appearance were evaluated as
acceptable.

[0059]
(Examples 1 to 19 and Comparative Examples 1 to 10)

The materials were blended at ratios shown in Tables Ito III. To each resulting
mixture, 0.5 parts of oleamide and 3 parts by mass of pentaerythritol-tetrakis[3-(3,5-di-tert-
butyl-4-hydroxyphenyl)propionate] were added relative to 100 parts of a base polymer and
the resulting mixture was kneaded with a twin screw extruder having a die temperature set
at 280°C. Strands of the kneaded material obtained were pelletized with a pelletizer and
extruded to coat a conductor (prepared by twisting 17 tin-plated annealed copper wires
0.16 mm in diameter) by using a melt extruder (45 mm in diameter, L/D ratio = 24,
compression ratio: 2.5, full-flight type) so that the thickness of the coating on the
conductor was 0.4 mm. Then 250 kGy of an electron beam was applied at an acceleration

voltage of 2 MeV to form an insulated wire. In Examples 8 and 9, a conductor prepared
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by twisting 7 tin-plated annealed copper wires 0.16 mm in diameter was used and the
thickness of the coating was set to 0.27 mm. The mechanical properties, heat resistance,
flame retardancy, heat deformation property, and heat resistance with a conductor attached
of the obtained insulated wire were evaluated. Note that the mechanical properties and
heat resistance were evaluated by removing the conductor from the insulated wire obtained
so that only the coating layers were subjected to evaluation.

[0060]

(Examples 20 to 22 and Comparative Examples 11 to 18)

Flame-retardant resin compositions shown in Tables IV and V were used. Eight
conductors (flat rectangular conductors 0.15 mm in thickness and 1.2 mm in width) were
arranged side-by-side at 0.8 mm intervals (pitch: 2.0 mm) and each flame-retardant resin
composition was extruded to coat both sides of the conductors so that the thickness of the
coating was 0.2 mm. Then 250 kGy of an electron beam was applied at an acceleration
voltage of 2 MeV to form a flat cable. Then a series of evaluation were conducted.
[0061]

(Examples 23 to 25 and Comparative Examples 19 to 21}

Flame-retardant resin compositions shown in Tables VI and VI were each extruded
by a T-die extrusion technique onto a biaxially oriented polyester film (thickness: 12 um)
so that the thickness was 30 um to prepare a polyester film-bonded tape. Twenty seven
conductors (flat rectangular conductors 0.05 mm in thickness and 0.1 mm in width) were
arranged side-by-side at 0.2 mm intervals (pitch: 0.3 mm) and two polyester film-bonded
tapes were respectively placed on both sides of the conductors such that the polyester films
faced outward. Then a thermolaminator was used to bond the two films and form a flat
cable. A series of evaluation was then conducted. The mechanical properties and heat
resistance were evaluated by preparing a film composed of the flame-retardant resin
composition alone without a polyester film bonded thereto.

[0062]

Flame-retardant resin compositions shown in Table VIII were each injection-
molded by using SE18D produced by Sumitomo Heavy Industries, Ltd., (maximum
clamping force: 176 N) into a JIS-3 dumbbell specimen having a thickness of 0.5 mm.
Then a series of evaluation was conducted. "Heat resistance with a copper foil wound"

was evaluated by winding a copper foil around a parallel portion at the center of the JIS-3
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[0066]

(*1) Xyron WH100 produced by Asahi Kasei Chemicals Corporation
(*2) Xyron X9102 produced by Asahi Kasei Chemicals Corporation
(*3) HH102 produced by PS Japan Corporation
5  (*4) Styrene-ethylenebutylene-styrene copolymer: Tuftec H1041 produced by Asahi Kasei

Chemicals Corporation (styrene content: 30 wt%)
(*5) Styrene-cthylene-butylene-olefin crystalline block polymer: DYNARON 4600P
produced by JSR Corporation (styrene content: 20 wt%)
(*6) Ethylene-ethyl acrylate: REXPEART A1150 produced by Japan Polyethylene

10 Corporation (15% EA)
(*7) Very low density polyethylene: ENGAGE 8150 produced by Dow Chemical Japan
Ltd. (MFR = 0.5 @ 190°C*2.16 kg, density = 0.868 g/cm®)
(*8) Metal phosphinate: Exolit OP930 produced by Clariant KK)
(*9) Melamine polyphosphate: Melapur 200 produced by Ciba Specialty

15 (*10) Polyphosphazene: SPS-100 produced by Otsuka Chemical Co., Ltd.
(*11) Condensed phosphate ester: PX-200 (P: 9.0%) produced by Daihachi chemical
Industry Co., Ltd.
(*12) Trimethylolpropane trimethacrylate: NK ester TMPT produced by Shin-Nakamura
Chemical Co., Ltd.

20  (*13) Random copolymer thermoplastic polyester elastomer: GriltexD 1652E GF (melting
point: 85°C) produced by EMS-CHEMIE Ltd.
(*14) Thermoplastic polyurethane elastomer: RESAMINE PL201 (ether series)
(*15) Thermoplastic polyamide elastomer: Pebax2533 (melting point: 134°C) produced by
Arkema Co.

25  (*16) Ethylene-methylacrylate: ELVALOY AC1125 produced by Dupont (25% MA, MFR
=0.5 @ 190°C*2.16 kg, comonomer content: 25 mass%)
(*17) Very low density polyethylene: ENGAGE 8150 produced by Dow Chemical Japan
Ltd. (MFR = 0.5 @ 190°C*2.16 kg, density = 0.868 g/cm?)
(*18) Metal phosphinate: Exolit OP935 produced by Clariant KK (OP930 of a fine particle

30 type)
(*19) Polyphosphazene: SPB-100L produced by Otsuka Chemical Co., Ltd.
(*20) Very low density polyethylene: ENGAGE 8411 produced by Dow Chemical Japan
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(*21) Cyclic organic phosphorus-based flame retardant HCA-HQ-HS produced by Sanko

Co., Ltd.

(*22) Melapur MC15 produced by Ciba Speciality
(*23) Condensed phosphate ester: PX-110 (P: 7.8%) produced by Daihachi chemical

Industry Co., Ltd.
(*24) MC6000 produced by Nissan Chemical Industries, Ltd.
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[Table IV]

Flat cable Ex. 20 Ex. 21 Ex. 22

Flame-retardant resin composition Flame- Flame- Flame-
retardant resin | retardant resin | retardant resin
composition of | composition of | composition of

Example 1 Example 2 Example 5

Exposure dose of electron beam (kGy) 250 250 250

Mechanical Tensile strength (MPa) 16.5 17.5 18.5

properties Elongation (%) 340 290 260

Heat resistance | 158°C x 7 days | Z bending

with conductor Pass Pass Pass

attached

Heat resistance | 158°C x 7 days | Tensile strength

(only insulating (MPa) 150 16.0 17.0

part) Elongation (%) 220 235 220

rFeI;?e:rr]c?ancy Vertical specimen flame test (VW-1) Pass Pass Pass

Thermal 140°C*500g | Retention (%}

deformation 68 65 70

properiy

Ex.: Example

[0068]
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Mechani cal

resi stance (only insulating part)

properties

def ormati on property

Ex. 25 Fl ame-retardant
conposition of Exanple 12 Fl ane-
Exanmpl e 13 Fl ane-
dose o e[®&Pton beam (kGy) 250.250 250 Mechani cal

Heat

24 [ 0069] [Tablg VI
resin compositi h Fl ame-
r et ar dant

r et ar dant

strengt h[](a%a\)mw. 0 15.5

resi stance wi th conduct or
Fl ame retardancy Ther nal
Fl at cable Ex. 23 Ex. 24
r et ar dant
resin conposition of

attached Heat

resin

resin conposition of Exanple 14 Exposure

properties Tensile

Flat cable Ex. 23 Ex. 24 Ex. 25
Flame-retardant resin composition Flame- Flame- Flame-
retardant resin | retardant resin | retardant resin
composition of | composition of | composition of
Example 12 Example 13 Example 14
Exposure dose of electron beam (kGy) 250 250 250
Mechanical Tensile strength {MPa) 15.0 15.5 15.0
properties Elongation (%) 250 260 310
Heat resistance | 158°C x 7 days | Z bending
with conductor Pass Pass Pass
attached
Heat resistance | 158°C x 7 days | Tensile strength
(only insulating (MPa) 125 120 13.0
part) Elongation (%) 200 190 200
:':elgpc?ancy Vertical specimen flame test (VIV-1) Pass Pass Pass
Thermal 140°C*500g | Retention (%)
deformation 60 65 70
property
Ex.: Example
[0070]
[Table VII]
Flat cable CE. 19 CE.20 C.E. 21
Thermoplastic polyester-based elastomer (*13): 100 100 4
Polyolefin (*17): Saturated polymer 96
Phosphorus-based compound (*18) 50
Phosphate ester-based compound {*23) 80 40 10
Melamine cyanurate (*24) 20
Polyfunctional monomer (*12) 3 5 5
Exposure dose of electron beam {(kGy) 250 250 250
Mechanical Tensile strength (MPa) 15.0 13.0 14.5
properties Elongation (%) 280 270 340
Heat resistance | 158°C x 7 days | Z bending Fail due to Fail due to
with conductor breaking and breaking and Pass
attached separation from | separafion from
PET PET
Heat resistance | 158°C x 7 days | Tensile sirength
(only insulating (MPa) 11.5 14.0 135
part) Elongation (%) 210 190 220
g?an:gancy Vertical specimen flame test (VW-1) Fail Pass Fail
Thermal 140°C*500g | Retention (%)
deformation 70 70 75
property

C.E.: Comparative Example

[0071]




15.0 Elongation (% 250 260 310 Heat resistance w th conductor
attached 158C x 7 days Z bendi ng Pass Pass Pass Heat resistance (only
I nsulating part) 158C x 7 days Tensile_.strength (MPa) 12.5 12.0 130
El ongation (%9 200 190 200 Fl anme retar 8§ncy Vertical specinmen flane
test (VW1) Pass Pass Pass Thermal deformation property 140C *500 g
Retention (% 60 65 70 Ex.: Exanple [0070] 5[ Table VII] Flat cable
C.E 19 {Sl"a‘EaleY(D[Ip E. 21 Thernopl astic pol yester-based el ast oner

(*13): 10 Polvolefin (*17)Y: Saturated polvner
T’n]ecfbn molded article {thickness: 0.5 mmt)’ EX. ’ Ex. 27 Ex. 28
Flame-retardant resin composition Flame- Flame- Flame-
retardantresin | retardantresin | retardant resin
composition of | composition of | composition of
Example 1 Example 2 Example 5

Exposure dose of electron beam (kGy) 250 250 250

Mechanical Tensile strength (MPa) 135 14.0 14.5

properties Elongation (%) 290 240 210

Heat resistance | 158°C x 7 days

with conductor Pass Pass Pass

attached

Heat resistance | 158°C x 7 days (Tensile strength 1.0 15 1.0
MPa) ‘ ' ]
Elongation (%) 190 200 185

Flame Vertical burning test (UL94)

retardancy V-1 V-1 V-1

(strip)

Thermal 140°C *500g | Retention (%)

deformation 70 75 70

property

Ex.: Example

[0072]

10

15

20

Insulated wires of Examples 1 to 19, flat cables of Examples 20 to 25, and molded

articles of Examples 26 to 28 all satisfied the required properties in terms of mechanical

properties, flame retardancy, heat resistance, heat deformation property, and heat resistance

with a conductor attached.

In particular, Example 1 in which a polyphenylene ether, a styrene-based

thermoplastic elastomer, and an ethylene-a olefin copolymer (polyolefin-based resin)

having a carbonyl group were used as the thermoplastic resin had a flame time as short as

20 seconds and exhibited particularly high flame retardancy. Examples 1, 10, and 14 to

18 in which 50 parts by mass or more of ethylene-o olefin copolymer having a carbonyl

group was contained had a flame time of 30 seconds or shorter and exhibited high flame

retardancy.

In particular, the blend of Example 17 achieved good balance between

properties although only one type of resin was used. When the number of types of resins

to be mixed is large, shear stress must be applied during mixing to enhance the

compatibility between the resins and thus the mixing is costly. Thus, using one type of

resin is advantageous in that mixing is easy and the cost is low.

[0073]

An insulated wire of Comparative Example 1 and a flat cable of Comparative




96 Phosphorus-based conpound (*18) 50 Phosphate ester-based
conpound (*23) 80 40 10 Mel am ne cyanurate (*24) 20 Pol yfuncti onal
nmononmer (*12) 3 5 5 Exposure dose of e& ctron beam (kGy) 250 250 250
Mechani cal properties Tensile strength %l\/Pa) 15.0 13.0 14.5

El ongation (% 280 270 340 Heat resistance with conductor attached
158C x 7 days Z bending Fail due to breaking and separation from PET
Fai | dueEkampleddkhatgsesnidie saparain ampfostivnPiad aRasganieptiospbausbased dlame

(1§.n!5y | nfeltjaltr }11i1t Qg‘le%? E)ggsp}i?n%.‘%) )éogtegtaa% ar-lg_ee gss Ilg)f pgr%sr beynr%%shs r(e{\'c{ﬁet)a tol 005pa:1|"tAsf 'b?z
mass of the thermoplastic resin.  Thus, the heat resistance, the heat deformation property,
and the heat resistance with a conductor attached were poor. Insulated wires of

5  Comparative Examples 2, 3, 4, 9, and 10 and flat cables of Comparative Examples 12, 13,
and 14 had a small organic phosphorus-based flame retardant content and thus the flame
retardancy was not acceptable.

[0074]
An insulated wire of Comparative Example 5 and a flat cable of Comparative
10 Example 15 had acceptable flame retardancy but suffered from breaking and failed in
terms of heat resistance with a conductor attached. An insulated wire of Comparative
Example 6 and a flat cable of Comparative Example 16 contained as low as less than 5%
by mass of the resin having a carbon-carbon unsaturated bond or a resin having a carbonyl
group relative to the thermoplastic resin and thus the flame retardancy was not acceptable.
15 [0075]
An insulated wire of Comparative Example 7 and a flat cable of Comparative
Example 17 contained 22 pars by mass of the polyfunctional monomer, i.e., larger than 20
parts by mass, relative to 100 parts by mass of the thermoplastic resin.  Thus, the
elongation was low and the flame retardancy was unacceptable. An insulated wire of
20  Comparative Example 8 and a flat cable of Comparative Example 18 did not contain any
polyfunctional monomer and thus the heat resistance, the heat resistance with a conductor
attached, and the heat deformation property were poor. An insulated wire of Comparative
Example 10 and flat cables of Comparative Examples 19 and 20 did not contain a metal
phosphinate, a melamine phosphate compound, an ammonium phosphate compound, or a
25  polyphosphazene compound obtained by ring-opening polymerization of
cyclophosphazene that acts as a highly flame retardant organic phosphorus-based flame
retardant, but a phosphate ester only. Thus, the heat resistance with a conductor attached
was not acceptable.  Although the heat resistance with a conductor attached was at an
acceptable level in Comparative Example 21, the flame retardancy was not acceptable due
30  to alarge saturated polymer content.
[0076]
(Examples 29 to 35)



El ongation (% 210 190 220 Fl ane retardancy Vertical specinmen flane
test (VW1) Fail Pass Fail Thermal deformation property 140C *500 g
Retention (%9 70 70 75 C E.: Corrparatg;ée Exanpl e [0071] 25 [Table
VIT1] Injection nolded article (thickn 0.5 mt) Ex. 26 Ex. 27 Ex.
28 Fl ane-retardant resin conposition Flane- retardant resin
conposition of Exanple 1 Flanme- retardant resin conposition of

Exanpl e 2 Fl gie-matefas d;arublemmidmtmmp@hd)\vhhnniﬂe Exanpd each iexyithsgiméxture,

dose o e D Al (KO 220 Am e 2R S e S BEOPEE Pk L
hydroxyphenyl)propionate] were added relative to 100 parts of a base polymer and the
resulting mixture was kneaded with a twin screw extuder having a die temperature set at

5 280°C. Strands of the kneaded material obtained were pelletized with a pelletizer and
extruded to coat a conductor (prepared by twisting 17 tin-plated annealed copper wires
0.16 mm in diameter) by using a melt extruder (45 mm in diameter, L/D ratio = 24,
compression ratio: 2.5, full-flight type) so that the thickness of the coating on the
_ conductor was 0.4 mm. Then an electron beam was applied at an acceleration voltage of
10 2 MeV to form an insulated wire. The mechanical property, heat resistance, flame
retardancy, heat deformation property, and heat resistance with a conductor attached of the
obtained insulated wire were evaluated. Note that the mechanical properties and heat
resistance were evaluated by removing the conductor from the insulated wire obtained so

that only the coating layers were subjected to evaluation.

15 [0077]



El ongation (% 290 240 210 Heat resistance with conductor attached
158C x 7 days Pass Pass Pass Heat resistance 158C x 7 days Tensile
strength (MPa) 11.0 11.5 11.0 El ongation (% 190 200 185 Fl ane
retardancy (strip) Vertical burning tesjg(UL94) V-1 V-1 V-1 Thernal
def ormati on property 140C *500 g Retention (%9 70 75 70 Ex.: Exanple
[0072] Insulated wires of Exanples Ito 19, flat cables of Exanples 20
to 25, and nol ded 5articles of Exanples 26 to 28 all satisfied the
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and an et hyl gne-ha ollefinh copplynern (ppllydl ef|n- haged resin) [Ip havi|ng
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5 Conparative Exanples 2, 3, 4, 9, and 10 and flat cabl es of

Conpar ati ve Exanples 12,
phosphorus-based flane retardant conte
retardancy was not acceptabl e.

[ 0074]
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of Exanple 31 Flanme- retardant resin conposition of Exanple 32 Fl ame-
retardant resin conposition of Exanple 33 Exposure dose of electron
beam (kGy) 250 100 150 150 Mechani cal 6operties Tensil e strength
(MPa) 15.0 15.5 16.5 17.0 El ongation 5 250 285 260 270 Heat

resi stance with conductor attached 158C x 7 days Z bendi ng Pass Pass
Pass Pass Heat resistance (only insulating part) 158C x 7 days

Tensi | e st r enpérdtopyfaéiyorl Burposkd, the résalts of Example 23 in which only an organic

phosphorus-based flame retardant was used are shown in Table X. Examples 37 and 38

in which flame-retardant resin compositions of Examples 32 and 33 containing both an

organic phosphorus-based flame retardant and a nitrogen-based flame retardant were used
5  had a flame time as short as 30 seconds or less and exhibited high flame retardancy.

Industrial Applicability

[0082]

As has been described above, according to the present invention, a flame-retardant
resin composition that does not generate hydrogen halogenide gas during burning, and has
10 high mechanical strengths (elongation and tensile strength), high heat deformation

resistance, and high heat resistance, an insulated wire, a flat cable, and a molded article can

be obtained which can be used in household electronic appliances such as electronic

appliances, OA appliances, audio, video, DVDs, and Blu-ray, and internal wirings and

parts of automobiles, ships, etc.



El ongation (% 200 230 220 270 Fl aneancy ard retW1) V (Vertical
sp(flaecinmene: flame test nme tinsec) Pass (46) Pass (-) Pass (22)
Pass (18) Thermal deformation property3:}40C *500 g Retention (% 60
75 65 66 Ex.: Exanple [0081] 30 For conpari son purposes, the
results of Exanple 23 in which only an organi c phosphorus-based fl ane
retardant was used are shown in Table X. Exanples 37 and 38 in which
flame-retardant resin conpositions ofLBIsi®pl es 32 and 33 contai ni ng
bot h an féﬁﬁﬁ'f phosphor us- based flane retardant and a nitrogen-based
flame re M were used 5 had a flame time as short as 30 seconds
or less and exhj ' 3 ‘gjﬁ{l‘ﬁ halscARRh icability
[ 0082] ﬁlaﬁg%é%ég%&g%%%%%%ﬁgﬁve, izgsé%éodr]gﬁg%@tlgéutche p ragsent

i nvent i opplyfurctiems -metoaraand anegganic pmspboms-bassifimadeesdantt gener at e

hyd hal id durj ng burni has 10 high hani cal

Strenbths (el BIGEEA bR Herpopland wendopding iy by ighormale oier Grader B8 o

resi st angbobskbbh Ghsdi@atcd RRH ot A& h@fing Q%Mb@ﬁ)ﬁ%ﬂﬁﬁflaﬁ% idds?a!é entire
1N

cable, and a nolded article can be obtained which can be use
househol thegheplastisresinappl i ances such as el ectroni c appliances, OA
appl i ances, i vi de DVD Bl U-r .and internal w.ings and
parts of aut opisrsanld SERpn Y CRsel Mg i Pl b ol eret fogl 2 2015
f 1 ame- r et@isthing of & Hietal GHGRNGLIE, Amelamid SHodphade EdiBFdREAl ABihMmohREd N, a
pol yfunctional nononer, and an organi c phosphorus-based flame |

r et atlanphosghyip spapaunds and peplypRespbazeneconIDaURG PhtaINAd bR UiNBYDRESE or
nor e of I V] - on unsaturated bond or a resin
havi ng aﬁ%lg&%gﬁ%}rbq’gdr%ggl%})fe}‘?ggplgi\}g&fgglat he entire thernoplastic resin,

t he organi c phospirontus-thasgenitphogphoaisasgan flamns retrdastEs t 10160 pat<igt ed
fromthe group consisting of a netal phosphinate, a, nelam ne

phosphat & Rep L8P nma%ﬁryféhep%@a plcaeip aithtie captgngof the

pol yphosphaz#BGoeA BRIABAR: RPF # FPshridby thid rOREM B9 nfRL bPhe O
cyclopholg(gplzazen%, and ' tﬁJe conte%’{ %?rfglhe orggﬁﬁgﬁ%phﬁgbp{ﬁe
phoskhor lisrhergedicfresine retardant is 5 to 100 parts by nmass relative
to 100 pagtts mass of the thernoplastic resin and the content of

t he pol y¥uff® fbnal nononer is 1 to 20 parts by nass relative to 100

parts by massripffidhe rekaibaraaRkasbbstiss 3éda>rdiflg%@§hﬁ]l wherein{hg

fl ame-retardant resin conposition according to aim1l, wherein the
t her nopl thetmeplasticirpsiv gontaing §¥6by masnersmorsrofmblegstome stletted Siorothe group

Fesin. e PER P ParitR s Bl Bt R VARG SR i po e epe
t herappl RedphthaR®d, vahéreioplsas E@Ij@ﬁter élaétbﬁéfm%@ﬁfoblés@gbdwﬁl@iﬁ%ﬁ@ 8lastomer,

el astoner, a styrene-based thernopl astic el astoner,

pol yst yrfzrapgdased theimpeplapfic shastomer Hepoty gy eaebasedarsinmyden. elthermontastic
a pol yol ef,i.n- i LAY - car ho S r at b nd
2 Pol yol B BB, Lol s ot e AR A R,
f 1 ame- r esrdrpdalyolefisbasciqasiadiatinga cagwdytimgpt o Claim 1 or 2, wherein
the thernpplastic resin contains 5 to 80% by nass of a pol yphenyl ene
et her - baldd®@™ &kin or a pol ystyrene-based resin, 20 to 95% by mass of

a stysrene- basgpl c}iafﬁ?é—?@i’z&hé‘xﬁ%é‘in BAPEAES acAPHnd1d Claffl %, WRSRiPhhe

pol yol ef i n- based resin.
thermoplastic resin contains 5 to 80% by mass of a polyphenylene ether-based resin or a

polystyrene-based resin, 20 to 95% by mass of a styrene-based thermoplastic elastomer,
and 0 to 70% by mass of a polyolefin-based resin.
[Claim 4]

30 The flame-retardant resin composition according to Claim 1 or 2, wherein the
thermoplastic resin contains 50 to 100% by mass of an ethylene-o olefin copolymer having

a carbonyl group and the ethylene-o olefin copolymer having a carbonyl group has a



[Claim4] 30The flame-retardant resin conposition according to Caim
1 or 2, wherein the thernoplastic resin contains 50 to 100% by nass
of an ethylene-a ol efin copol yner havi 3? a carbonyl group and the

et hyl ene-a ol efin copol ymer having a cafbonyl group has a 32
conononer content of 9 to 46% by nmass and a nelt flowrate of 0.3 to
25 g/10 mn. [Caim5] The flanme-retardant resin conposition

accor di ngornonceamgt conenddf Thed s by mass 4nd & arelthibow coepf 0.8itm@5 3/1t0anth00
parts by ss_of a nitrogen-based flane retardant relative to 5100
parts by[(ﬁgg’ésgf the thernoplastic resin. [ ai m 6] The

flame-ret ar daphe flfakRetaRIAROSEhicBMpBSiEEHA Hodddihe t&hi FRef OISl 3 4 he
nitrogen-based flame retardant is melam ne cyanurate. [Caim 7] 10The

f | ane- r efuthgneemprsing 3 ¢o hpd pirts yhmassadadiimggancbased flame rejérdantaelativa ot o
6, rei . a phosphat sker is further contained as the organic
pho\é\%ﬁor L@b Bad'gsgb&’ Igiasa';rfg tﬁ%@gﬁgﬂ?s.uc[rﬁlﬂri m 8] An insulated wre

conpri si [(@ai 6pating | ayer conposed of the flame-retardant resin

15conposition _according to any one of Claing 1 to 7. [Caim9] . A
flat cabl e cohprlagnergetandaniyesingompgsitonesoegdingjetlaimd. whetein gk inijogsn-
conduct arranged side-by-side in the

i nsul at ?%%%@g@?ggga{ﬂ%@eﬁ?ﬁﬂ%@?{gﬁ%ﬁgg; nsul ati ng coating | ayer is
conposed[Clhini ip | ane-retardant resin conposition 20 according to any

one of Clainms_1 to 7. [Gaim/10] A nulded article obtained by

i nj et i on- ol Hﬁ%@%@etﬂd&wﬁw@@amaﬂvom BSORIRg YT e eiasrldiedy to
any one qsilﬁil] : : Rrteloel] g
to d ai m%%?rgvr\ﬁeﬁ%séh%tﬁee&?rn{ssu atéepg%g/rmamrr%é-ég&ée@%h%ﬁ%p léglﬁlgsb%em rra(lialllrllfp
flane testardaMV 1) set forth in UL standards. [d aim 12] The fl at
cabl e aci:(ﬁr.di to Caim9, wherein the flat cable passes a vertical
speci nen test (VW1) set forth in UL standards.

An insulated wire comprising a coating layer composed of the flame-retardant resin
15  composition according to any one of Claims 1 to 7.
[Claim 9]

A flat cable comprising an insulating coating layer and a plurality of conductors
spaced from one another and arranged side-by-side in the insulating coating layer, wherein
the insulating coating layer is composed of the flame-retardant resin composition

20 according to any one of Claims 1 to 7.
[Claim 10]
A molded article obtained by injection-molding the flame-retardant resin
composition according to any one of Claims 1 to 7.
[Claim 11}
25 The insulated wire according to Claim 8, wherein the insulated wire passes a
vertical specimen flame test (VW-1) set forth in UL standards.
[Claim 12]
The flat cable according to Claim 9, wherein the flat cable passes a vertical

specimen flame test (VW-1) set forth in UL standards.



