WO 03/ 004560 PCT/ US02/ 21077 FLAME- RETARDANT COWVPOSI TI ON AND ARTI CLE
BACKGROUND The present invention relates to a flanme retardant resin

conposi tiwo Boo4s66e in wire and cable covering material . PRBIGS02/21077
specifically, the present invention relates to a flane retardant resin
conposition for use in wire and cable covering material that has excellent
fl ame retardancy using non-hal ogenated materials, especially in the absence
of expl osion at thﬁlﬁ%dﬁ'P&T/ﬂﬂﬁgﬂ}@i@@MWSHﬂ@HﬁNB TYRE resin, and has
excell ent processability, heat resistance, inpact strength, and
flexibility. Polyphenyl ene ether has excellent nmechanical properties,

el ectri caBAQIKIpPROUNI3, heat resistance, and | ow tenperature properties, as
wel | as | ow noi sture absorbance and excellent dinmensional stability.
However, it is deficient in nolding processability and inpact strength,
and t heseThe piebanrinvangorselareasdo lyflanleantirdegt rasinioirpopitiby $eryrse ieware ahd gh

i npact pol ystyrene to produce conpositions that are w dely used, for

exanpl e, ¢dble ebegingi @aensl. ®lastspedificalBatiies preoéiftiibeendey irclatdsausi flgae
aut onobil e parts, precision parts, various industrial parts, etc. The

classic pRlyaiRMLiBN& eI RRTon! £91Mke GAMRAST dnldodhbi O toRGing! madiRO MR NRBY| ene
et her and high i npact polystyrene (see U S. Patent No. 3, 383,435) has

i mproved LRAGH Mt flncP QURY Shninhf SRR fRlerhRSLEATEE i hedBl&ick Or at ed.
enent Or S

Due to thi's, I nprov ofvent resistance and rnpact strength based on

bl endi ng ol yphen ne,.et her and pol yol.efi.n h been praposed i . S.

patent | Noof SRS, BRRE MolRe R, 7 4 e SEEn S 680 PRAER iettent of
i mpact strength and sol vent resistance, base n.bl endi ng a hydrogenat ed
bl ock copB‘loﬁglség’lﬁ? , Bt JSHERg £-dmpagisHepsth o ’@%Wé(nyl ene ether as well as

styrene group resin.

Polyphenylene ether has excellent mechanical properties, electrical properties, heat
resistance, and low temperature properties, as well as low moisture absorbance and
excellent dimensional stability. However, it is deficient in molding processability and
impaét strength, and these problems are solved by blending it with polystyrene or high
impact polystyrene to produce compositions that are widely used, for example, in
electric and electronic parts, office device housings, automobile parts, precision parts,
various industrial parts, etc. The classic polyphenylene ether resin composition formed
from polyphenylene ether and high impact polystyrene (see U.S. Patent No. 3,383,435)

has improved impact strength, however its chemical resistance is deteriorated.

Due to this, improvement of solvent resistance and impact strength based on blending
polyphenylene ether and polyolefin has been proposed in U.S. Patent No. 3,361,851.
U.S. Patent No. 3,994,856 describes improvement of impact strength and solvent
resistance based on blending a hydrogenated block copolymer of polyphenylene ether

or polyphenylene ether as well as styrene group resin.



1 WD 03/004560 PCT/ US02/21077 1In the past, poly(vinyl chloride) resin has
been widely used in resin conpositions enployed as a covering material of
wi re and wabBmo4sdhe pol y(vinyl chloride) resin has anti Progrusa/21077
tenperature lowat 60 Cand it is also flanme retardant. However, since it
contai ns hal ogen, there is a fear of causing environnmental pollution by
generation of dioxin, etc. at the tinme of conbustion, and regul ations
regar di nglnj the pise pedx(sinykebleridg) regiackasebesnrvidgbnhusedqgy repar spsmesitioner e ar e
cases of using tetrafluoroethylene in resin conpositions used as a

coveri ng empleyédds afowering naatetiat abives .and eablaf Theopadwivinyll ehleriide) ré$inrmes
retardant and has the advantage of having drip controlling properties,
however, it thasndlhempérarey Rvt ageEC aadl itieiahg Rtinfd ietartiantt Bowbver,vifide iot her
resin conpositions and having reduced processability. Al so, because of its

ther mal cQptdi@ChdBidni theré &N Fak 8feusingtenvAOAAENREPIRRRIN yhchi@tiSY of est  of
UL 94 and may be associated with electricity | eakage caused by danage of

the wire ._cahl i j.a ' : ' itionto
thi s ot RorPLaro s fo e TroRb RLdrEinlechiBoh ARaRind i Hele KiteARY
pol | uti on, sirrH'eIS Fok poly(vinyl chloride) resin nentioned above, since it

cont ai ns “FPUSS I HE tBRI EF SUMVARY The present invention solves the probl ens

of the techni ques of the past nentioned above and provides a resin
conpositign, useful for wire a d.ca%ie covering material havin xcel | ent
lane et SPHERBEuCefR R GHeR 2T Bt orariby ey & regysBmpapions et g
absence of explosion at the tinme of conlustion or.dﬁipping of the resin.
The a covering material of wire and cables. Tetrafluoroethylene is flame retardant and has

the advantage of having drip controlling properties, however, it has the disadvantages

of being difficult to mix with other resin compositions and having reduced

processability. Also, because of its thermal contractibility (shrinkage), it cannot be used

in the 5V test of UL 94 and may be associated with electricity leakage caused by

damage of the wire and cable covering material at the time of burning,

In addition to this, tetrafluoroethylene has the problem of causing environmental
pollution similar to poly(vinyl chloride) resin mentioned above, since it contains

fluorine.
BRIEF SUMMARY

The present invention solves the problems of the techniques of the past mentioned
above and provides a resin composition useful for wire and cable covering material
having excellent flame retardance using non-halogenated materials, especially in the

absence of explosion at the time of combustion or dripping of the resin. The



2 WO 03/ 004560 PCT/ US02/ 21077 conposition also has satisfactory nelt
properties, and excellent processability, heat resistance, inpact

st rengt h,warnd/obé4sexi bility. The present inventors carried @®GI/Usa2/21005
experinments in order to solve the problens nentioned above, and as a
result they found that the resin conposition obtained by conpounding
phosphate flanme retardant, boron phosphate, and zinc borate hydrate wth
t he pol ypisaippsidine adsohless fatiafaciory PRI preperéies. eanyl exesllont popacseabdity,yheph t he
presence of aromatic vinyl group resin, in a specific ratio gives the
cover i ng mEttendealmmict srangthgadd flesmbil#y.excel | ent flane retardance, especially
in the absence of explosion at the tine of conbustion or dripping of the
resin. The conposition further exhibits excellent processability, heat

r esi st anCEhe progeac invehtoengirfied antdvdrioax ebpdrinients innorder for sotvecthib pelibleang , a
flame retardant resin conposition useful in wre and cable covering

material 5exINb® 8BoveAhnd @9 aPREJISHRY MRIDNat He RShYdRRGRAYHBADLEERRAEr oup
resin, or a polyphenyl ene ether group resin in conbination with an aronatic

i nyl i i f fl
inl | SOHRREH oyt HnR0-RRAE R ELe! o, bheSRRAL S, Esfer 1) ame
o 10 par\;[vﬁh %tp\(l)\ﬁflggglﬁylgge e%fler}.(igeﬁloe'aﬁ’tP% eg a(%lt%r tl'%Sin,'Or}])gﬁaaﬁg}gignge Srg%e\%gé? St , the

flame retardan conpositi on use Wr’e

material is as described in.the first enmhodi pent, wherein ¢t pol yphenyl ene
Coher o GRS RS Eof srin A Agpetifif rafa Gy es (hg coer NGRSV HE | v e
an intrinsic viscosity of 0.08 to 0.60 dllq)neasured at 30'Cin chloroform
as the soteblefxcellpnt flame retardance, especially in the absence of explosion at the time of

combustion or dripping of the resin. The composition further exhibits excellent

processability, heat resistance, impact strength, and flexibility.

In a first embodiment, a flame retardant resin composition useful in wire and cable
covering material comprises (A) 100 parts by weight of polyphenylene ether group
resin, or a polyphenylene ether group resin in combination with an aromatic vinyl
group resin, (B) 2 to 30 parts by weight of a phosphate ester flame retardant, (C) 0.1 to
20 parts by weight of boron phosphate, and (D) 0.1 to 10 parts by weight of zinc borate

hydrate.

In a second embodiment, the flame retardant resin composition useful in wire and cable
covering material is as described in the first embodiment, wherein the polyphenylene
ether group resin is poly (2, 6 — dimethyl — 1, 4 — phenylene ether) having an intrinsic

viscosity of 0.08 to 0.60 dl/g measured at 30 C in chloroform as the solvent.



WO 03/ 004560 PCT/ US02/21077 In a third enbodi ment, the flane retardant
resin conposition useful in wire and cable covering material is as

descri bedwelwemetssm t he first or second enbodi nents, in whiPcCh/ushr210phosphat e
ester flame retardant of. the conmponent (B) is an aromati c phosphate ester.
In a fourth enbodi ment, the flane retardant resin conposition useful in
wire and cable caovering material is as described above in any one of the
first, sd@cn@urdsmbodiment, thaflamieraigrdant sisy compopitien vsefithincwirpaad eadé f ur t her
conprises (E) a thernoplastic elastoner. In a fifth enbodinent, the flane
r et ar dant caveghgmetstipbis s desaribesiefbolve imthedirst onsedorgbdshleodimentsin michaher i al i s
described for the fourth enbodi nent, wherein the thernoplastic el astoner

of the costpeplent edtér)flans atdndit ofitheabaghohdmd ¢R) s apakymaic pifosphaye e, and
but adi ene or a hydrogenat ed bl ock copol yner of styrene and isoprene.
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The present invention

has been @efoaitheshbbéihew, itie flamé Resrdgdatraiih colipdsytdienyfig newat hed cahloup
resin, or polyphenyl ene ether group resin in conbination wth aromatic

vinyl gr o4Refifs inflatéi$ R OREMscidd) abdVel Healf BRERE thOMBRL isBbndWet lhikhown
material s can be used as the PPE group resin of the conponent Nanel vy,

. (A Namel
hown by THeEmELs HAUR 0ol AEACLRORANE SRR 50T caSMiEMS2) 21077

[ For mul a ejllst(l):\;%erl.ql q 0

In a fifth embodiment, the flame retardant resin composition useful in wire and cable
covering material is described for the fourth embodiment, wherein the thermoplastic
elastomer of the component (E) is a hydrogenated block copolymer of styrene and

butadiene or a hydrogenated block copolymer of styrene and isoprene.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The present invention has been explained below in further detail.

Polyphenylene ether group resin, or polyphenylene ether group resin in combination

with aromatic vinyl group resin (component (A))

In the present invention, well known materials can be used as the PPE group resin of the
component (A). Namely, as regards the PPE group resin, generally the polymer has

structural units shown by the general formula (I) given below.



470 wherein, each of the R, R2, R3 and R4 is hydrogen, hal ogen,

hydr ocarbon radi cal, substituted hydrocarbon radical, al koxy radical,
cyano radwoaB/oo4sbenoxy radical, or nitro radical; and n PSTAS0Y/mt0Eyer
showi ng the degree of polynerization. This can be in form of a honopol yner
shown by the general fornmula given above, or it can be in the formof a
copol yner having two or nore than two types of phenylene ether units

conbi ned. Concrete exanples of R, R2, R3, and R4 radicals include
chlorine, bromne, iodine, nmethyl, ethyl, propyl, allyl, phenyl, benzyl,
met hyl benzyl, chloronmethyl, bronmonethyl, cyanoethyl, cyano, nethoxy,

et hoxy, pH@ﬁ@%Vﬂ]nitro, egC. Concrete exanpl es the PPE group resin

i nclude poly (2, 6 - dinmetthyT"4s 1, 4 -}ﬁhenylene ther), poly (2, 6 -
diethyl - 1, 4 - phenylen ™), ( methyl - 6 - ethyl - 1, 4 -
phenyl ene ether), poly (2 y‘ﬂ" propyl 1, 4 - phenylene et her),
poly (2, 6 - dipropyl -4 ) Al ) :

propyl - 1, 4 - phenyl ene
ether), poly (2, 6 - di(chloro
6 - di(brom nmethyl) - 1,14 2 g
4 - phenyl ene ether), pol (%? - 5 WD 03/004560 PCT/ US02/ 21077
1, 4 - phenylene ether), poly (2, 6 - dichloro - " 4 - phenyl ene et her),
poly (2, 6 - dibenzyl - 1, 4 - phenylene ether), poly (2, 5 - dinethyl - 1,
4 - phenylene ether), etc. Preferred PPE group resins include the polyner
havi ng al kyl radicals, particularly, the alkyl radical having 1 to 4
carbon atons as the RI and R2 occurring in the formula (1) given above,
where n is preferably nore than 50. Preferred PPE group resins further

wherein, each of the R!, R%, R?and R*is hydrogen, halogen, hydrocarbon radical,

. (ﬁghyl - 6 -
(2 6 - dlnethoxy - - phenyl ene
henyl ene ether), poly (2,
oly (2, 6 - diphenyl - 1,

substituted hydrocarbon radical, alkoxy radical, cyano radical, phenoxy radical, or nitro
radical; and n is an integer showing the degree of polymerization. This can be in form
of ahomopolymer shown by the general formula given above, or it can be in the form of
a copolymer having two or more than two types of phenylene ether units combined.
Concrete examples of R], R2, R3, and R* radicals include chlorine, bromine, iodine,
methyl, ethyl, propyl, allyl, phenyl, benzyl, methyl benzyl, chloromethyl, bromomethyl,

cyanoethyl, cyano, methoxy, ethoxy, phenoxy, nitro, etc..

Concrete examples of the PPE group resin include poly (2, 6 — dimethyl — 1, 4 —
phenylene ether), poly (2, 6 — diethyl — 1, 4 — phenylene ether), poly (2 — methyl — 6 —
ethyl — 1, 4 — phenylene ether), poly (2 — methyl — 6 — propyl — 1, 4 — phenylene ether),
poly (2, 6 — dipropyl — 1, 4 — phenylene ether), poly (2 — ethyl — 6 — propyl - 1, 4 —
phenylene ether), poly (2, 6 — dimethoxy — 1, 4 — phenylene ether), poly (2, 6 —
di(chloro methyl) — 1, 4 — phenylene ether), poly (2, 6 — di(bromo methyl) — 1, 4 —

phenylene ether), poly (2, 6 — diphenyl — 1, 4 — phenylene ether), poly (2, 6 — ditoluyl —



i ncl ude PPE copol yners conprising units in which three al kyls have been
substituted in the polyphenylene ether structural units given above, such
as copol ywerigioesaprising 2, 3, 6 - trinethyl -1,4 - phenpCensSopetoer units.
Al so, the copolymer in which a styrene group conpound has been grafted to
t hese PPE can al so be used. Exanples of the styrene group corrpound
suitable for graft pol ﬁmerizi ng to the PPE include styrene, ha - nethyl
styrene, bi‘hyPhenylgeneherdy 6514 ditdlorarcl., 4=rﬂ>é1€1i1>d?l‘rq?§§‘?ré RAl% gsﬁ‘ry of the
PPE group resin of the present invention neasured at 30'C is chloroformis
pr ef er abl §ibeiayhi-, ¢ hepheaylges dherd roky (2056 Gmethiyl g 1, 4 £ phesdenentharhsic

vi scosity becones |less than 0.08 dl/g, then the rrechanl cal strength,

el ongat i oPrefearsd PRE gpep résts isclade the pobatermasingtadiad eadi@ls; paniculiatig, the
conposition are lowered. On the other hand, if it exceeds 0.60 dl/g, then

t he proceggahiatiich¥hafind e £ efPeS blonBhstBERY Kﬁ@@océ&@ﬁ@slﬂmeg&&ndw red. In
the present invention, the nost desired PPE group resin is poly ( 6 -

di met hyl sivdn abdve; wm@wkse@@fe%ﬁ'ﬁﬁor@%\ah% pRUE QS PEE W@ﬁ%bﬁﬁ%s@ 12 to

0.51 dl/g at 30 C in chloroform In the present inve e conponent

(A) is the PRE (AL ry%%ér{‘cdlﬁé}—ﬁéugé‘&rﬂts%%‘?cl%’{hreet %g%lg’ﬁﬁre%e%ﬁ%u sﬁﬁht@d' "

conbi nation V\At oma roup resin aromatic

| f d t 6
0 B3/ 004808 BOAPRSISTS T R g: 38‘56969%4 S o B B it
t | pha - methyl st ha - et hyl
chi or ot yhdné tan%‘fmminéﬁfr&fe@e%%éurp%g&o thsaprdhiner porjch yisee pe)

formed from70 to 99 %bg ght of aromatic vinyl conpound
group compound has been graﬂed to these PPE can also be used. Examples of the

styrene group compound suitable for graft polymerizing to the PPE include styrene,

alpha - methyl styrene, vinyl toluene, chlorostyrene, etc..

The intrinsic viscosity of the PPE group resin of the present invention measured at 30°C
is chloroform is preferably within the range of 0.08 to 0.60 dl/g. If this intrinsic
viscosity becomes less than 0.08 dl/g, then the mechanical strength, elongation, and
properties such as heat resistance, etc. of the composition are lowered. On the other
hand, if it exceeds 0.60 dl/g, then the processability of the composition remarkably

tends to get lowered.

In the present invention, the most desired PPE group resin is poly (2, 6 — dimethyl — 1,
4 — phenylene ether) having intrinsic viscosity of 0.12 to 0.51 dl/g at 30°C in

chloroform.

In the present invention, the component (A) is the PPE group resin mentioned above or
the PPE group resin in combination with an aromatic vinyl group resin. Examples of

the aromatic vinyl group resin include homopolymers of styrene or its detivatives, as

6



menti oned above and I to 30 % by wei ght of diene rubber, can al so be used.
Exanpl es of the diene rubber used in H PS include honopol yners of

conj ugat eaodBeMs6@r oup conpounds such as but adi ene, i sopPEmMASOLEH0OT Opr ene,
etc.; copolyners of conjugated diene group conpounds and unsaturated nitro
conpounds or aromatic vinyl conpounds; as well as natural rubber, etc.
These can be used |n the formof 1 type or in ¢the form of mxture of two
or nore t W&k as GePAlyHes. Ofpbwrgnetﬁalﬂaw@w@yl shiiense plPke - medhy) sbmence alBRymer i s
particularly preferred. H PS can be obtai ned by nmethods such as

emul si fi clameth(yﬁ ot ywesleyl stytreren chloxespyeersi, brompestyrems; iefat Thentubberrmodifigd e

pol yneri zation, solution polynerization, or by conbining these nethods.
Addi ti onaﬂ)olystynepé ¢HIRS) foanedrtinc7Oviongd ‘%gbptm:ig}esjf nsomac wad emproand -
acrylonitrile - acrylate copolymer, FPDM group rubber-nodified

pol yst yr ementicHet bav€addPREI0- WDGividight oFldvdneFebber,akh ¥lsO Bk kéd. Exa@pRkY NET |,
etc. In the conponent (A) of the present invention, PPE group resin and

aromatic y w% dicHE Phtbek %§édnmq@1@sbjﬁcﬁegﬂ%ae sﬂqﬂe& 8 %n! g.%%{édQﬂerfér 800 t' on.
However, usuall'y their conpounding ratio s 1to 99 ts by vvelg of

aromt | ¢ iyl 9 8l Robesees oroﬁpeng%tao oBodBhbS dolRgly Of PPE

group resin. ar onma Vin Fesi Gsed THiea quant| ty

within the ranefrom20to8 artts t(g V\nthrespect to 80 20
parts by OBP  PREPYIG p e SPFEIRS B p‘F?é’Efé’UE T e ARG, Sty dant
(conponent (B)) 7 WD 03/ 004560 PCT/ USD2/ 21077 n the_ pr esent i nvention,

exanpl es SAMRKBIHAS YA @asgl &b bFFaéF%TP%%%aHQﬁPS%ﬁ&Fn@ of {@ypg ¢dnude

phosphat es such as trinethyl phosphate, triethyl phosphate, tripropyl
the form of mixture of two or more than two types. Poly butadiene — butadiene —

styrene copolymer is particularly preferred. HIPS can be obtained by methods such as
emulsification polymerization, suspension polymerization, lump state polymerization,
solution polymerization, or by combining these methods. Additional examples of
aromatic vinyl group resins include styrene — acrylonitrile — acrylate copolymer,
FPDM group rubber-modified polystyrene, acrylate rubber-modified styrene —

acrylonitrile copolymer, etc.

In the component (A) of the present invention, PPE group resin and aromatic vinyl
group resin can be compounded in any desired proportion. However, usually their
compounding ratio is 1 to 99 parts by weight of aromatic vinyl group resin with respect
to 99 to 1 parts by weight of PPE group resin. Preferably, aromatic vinyl group resin is
used in a quantity within the range from 20 to 80 parts by weight with respect to 80 to

20 parts by weight of PPE group resin.

(2) Phosphate ester flame retardant (component (B))



phosphate, tributyl phosphate, tripentyl phosphate, trihexyl phosphate,
tricyclohexyl phosphate, triphenyl phosphate, tricresyl phosphate,

trixyl enywophosgsbat e, di net hyl ethyl phosphate, nethyl diPowtusbh2/phosphat e,
et hyl di propyl phosphate, hydroxyphenyl di phenyl phosphate, etc. or the
conpounds in which these are substituted by different substitution

radi cal s. regards the phosp ﬂ e r flame retardant .that can be used
in the r@sPs p&fﬁﬁbgwmw GFARIHES %ﬁ@@éﬁ%@snlﬁiﬁe?ﬁqr Mg TSRS own by
the general formula given below, particularly the one haV|ng (A) to (A4)
as R is (emehdedpliosphates Bechpes frimethyk phesphrier aicihyicehospleptnelaipronydi st ance.
These can be used singly or two or nore than two types can be used

j oi ntly. phosphete,pribsgmhiphbspherst irgreptyd phaspthiat, ltalidxy] phosphetes edyglobsphat e
ester flame retardant is an aromati c phosphate possessing aromatic

radi cal s gidphay,i Mighthg }ﬂioléplfaftd,lrtﬂcﬂé@ﬂ%o&ﬁﬁm&mhayl%hyl()pho%pha-t@ dimethyD>- -- O

0-, Aro Ar4 wherein Ris radi cal chosen fromthe radicals shown by the

]E(I\)/; rmlae_lle e(tﬂzl)pﬂo@pﬁa‘éé)metaylv&eutpﬁbwpﬁm etBy VR4 PR E RHAR BhR 77 - C-~

diphenyl phosphate, etc. or the compounds in which these are substituted by different
substitution radicals. As regards the phosphate ester flame retardant that can be used in
the resin composition of the present invention, the compound shown by the general
formula given below, particularly the one having (A1) to (A4) as R, is preferred from
the point of flame retardance and heat resistance. These can be used singly or two or
more than two types can be used jointly. In the present invention, a particularly
preferred phosphate ester flame retardant is an aromatic phosphate possessing aromatic

radicals and having the structure below

[Formula 2]

0
Jl

i
Ar—O—P—-0—R—0—P—10—#s

9 ?

Ary Afs | n

wherein R is a radical chosen from the radicals shown by the formulae (Al) to (A4)

given below

— 3% @n



CH3 wherein nis an integer from1l to 10; and wherein each of Art to Ar4

i s independently phenyl radical, toluyl radical, or xylyl radical. Al so,
in case oWOn3beisng nore than 2, Ard present in multiple maFhsey2w®an be
identical or different. The phosphate ester flane retardant that is the
conponent (B) of the present invention 1is conpounded in a quantity within
the range from2 to 30 parts by weight with respect to 100 parts by wei ght

of PPE group resin or PPE group resin in conbination with aromatic vinyl
group resin of conponent (A), prefer in a g qtity within the range
from5 to 25 parts by weight. If the oundi 5aﬁguantity of conponent (B)

becones less than 2 parts by weight with respect to 100 parts by wei ght of
conponent (A), then the flane retardancy of the conposition becones
insufficient, and, on the other hang; # & exceeds 30 parts by weight,
then the heat resistance of the comhosi rsTremar KAB)y | owered. (3)
Boron phosphate (conmponent (C)) Boron phosp ate that is the conmponent (O
of the present invention is used as the drip prevention reagent of the
resin conposition of the present |nvent(Qﬁ The drip 9 WO 03/004560

PCT/ US02/ 21077 prevention reagent ;g the asw ive that controls dripping
at the tinme of conbustion, and T >“‘Iu6$6bthylene etc. is
known for this purpose. Boron phosp atecﬁ@? I's the conponent (C) of the
present invention is conpounded in a quantity within the range fromO0.1 to
20 parts by weight with respect to 100 parts by weight of PPE group resin

or the confyréiatd ®AnGhtePEET@NAUB 10e8AdWBEAEinPERABE IAG, ¥ AYlis independently

phenyl radical, toluyl radical, or xylyl radical. Also, in case of n being more than 2, Ary

present in multiple numbers can be identical or different.

The phosphate ester flame retardant that is the component (B) of the present invention
is compounded in a quantity within the range from 2 to 30 parts by weight with respect
to 100 parts by weight of PPE group resin or PPE group resin in combination with
aromatic vinyl group resin of component (A), preferably in a quantity within the range
from 5 to 25 parts by weight. If the compounding quantity of component (B) becomes
less than 2 parts by weight with respect to 100 parts by weight of component (A), then
the flame retardancy of the composition becomes insufficient, and, on the other hand, if
it exceeds 30 parts by weight, then the heat resistance of the composition is remarkably

lowered.
(3) Boron phosphate (component (C))

Boron phosphate that is the component (C) of the present invention is used as the drip

prevention reagent of the resin composition of the present invention. The drip



group resin of conponent (A), preferably in a quantity within the range
from0.5 to 10 parts by weight. If the conpounding quantity of conponent
(O is |ewomheuse®. 1 parts by weight with respect to 100Pparuss2/by7wei ght
of conponent (A), then drip prevention cannot be obtained, and, on the
other hand, if it exceeds 20 parts by weight, then inpact strength is
remarkably | owered. (4) Zinc borate hydrate (conponent (D)) Zinc borate
hydr at e tprevention trépgesionplonetditivehat cbntrdle dppeisgat thetentfi combustians enld as t he
drip prevention reagent of the resin conposition of the present invention

simlar tweblipolyenipaserthyldae, ¢rent kasvadforbigy @urpdséic borate hydrate that is
the conponent (D) of the present invention is conpounded in a quantity
within the range fromO0.1 to 10 parts by weight with respect to 100 parts

by wei ghtoreh ph6¥pheicabia i§ @%icBmPbnent @NRIfiiEe Hresnk inB et ik @éﬁl?o@lﬂéd ihe same of
conponent (A), preferably in a quantity within the range TromO0.5 to 10

parts by I s I i f nes | ess
than 0.1 ﬁ?@%&fﬁl&&gﬁ?ﬂg&ﬁ%wgg% t t%sll\%)%glgav?@gl:%gmmg éﬁ(ﬁ)% conponent

(2 o 0 S0 S S AP Rl B, '

exceeds 1 fien ame ret nce o

conposition tends to be re ed.. 10 WO 03/ 004560 .PCT/ US02/2107

o o D B B A R R DA G L T4 BRER BB s (A)
to (D) nentiogned above, thernoplastic elastonmer is_ . preferably conpounded
as conporksie by pyeigh. B thrsomproupgine gyantitnel compomentdQ éslgssihamy] Partely bility

of the resin conﬁosi tion of the present invention, in a quantity within the
weight with respect to 100 parts by weight of component (A), then drip prevention

cannot be obtained, and, on the other hand, if it exceeds 20 parts by weight, then impact

strength is remarkably lowered.
(4) Zinc borate hydrate (component (D))

Zinc borate hydrate that is the component (D) of the present invention is used as the
drip prevention reagent of the resin composition of the present invention similar to the

component (C) mentioned above.

Zinc borate hydrate that is the component (D) of the present invention is compounded
in a quantity within the range from 0.1 to 10 parts by weight with respect to 100 parts by
weight of PPE group resin or aromatic vinyl group resin and the same of component
(A), preferably in a quantity within the range from 0.5 to 10 parts by weight. If the
compounding quantity of component (C) becomes less than 0.1 parts by weight with
respect to 100 parts by weight of component (A), then drip prevention is insufficient,
and, on the other hand, if it exceeds 10 parts by weight, then the flame retardance of the

resin composition tends to be reduced.
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range froml to 100 parts by weight with respect to 100 parts by wei ght of
PPE group resin or the conbination of PPE group resin and the aromatic
vi nyl growp osmeeisso of conponent (A). Exanples of the ther ropltissr/zw7?

el astoner that can be used in the resin conmposition of the present
invention include styrene group thernoplastic el astoner, polyolefin group
t hernopl astic el astoner, polyester group thernoplastic el astoner, etc.,
however, (F} Themoplasfieelngdmen(coswohsndfidyenat ed bl ock copol yners of styrene
and but adi ene or hydrogenat ed bl ock copol yners of styrene and i soprene.
Details regarding the hydrogenated styrene group bl ock copol yner are

pr esent ednhkéditon to Heecompdnage (A} ©J DS trwméneedyabowp, themedplastipelagtoater ishat i s
preferably used as the conponent (E) of the present invention is the

mat eri al pétabRechnouRied aoeaidnegt (BNt oldkoknmpepa thevhpdcosw@gt s@m t he

pol ynmer block A having at least 2 units of vinyl aromatic conmpound as its

Mai N Constdihigior tBOdedP Eéﬁﬂﬁési@érp%th@ pr&¢hinBvattidneas h q_%aﬁ{_ﬁ!y twithRh (%0N) ugat ed
di ene conpound; as Its nmaln constituent. For exanple, 1t 15 the

hydr ogen f Vi . i - J iene
compoand i arRR dadaroart s K AR RO IR R MR RPN, 5. o
- B- A gA - %4 - g‘i’t‘A - I% FQéTB etc. 1ciLtV\D 03/ 0456(? PCT/ USD2/ 21077
Thi's hydrBYERACRS CHPBTRI, S5 Fep W R ART hngremane ngty! & CBhisstine i n a
quantity wthin the range from5 to 60 % by weight, preferably in a

quant ity SPPARSNt{AS range from 10 to 50 % by wei ght. Moreover, regarding
the bl ock structure, the polyner block A having vinyl aromatic conpound as

its main constituent possesses the cogolyner ) ) .
Examples of the thermoplastic elastomer that can be used in the resin composition of

the present invention include styrene group thermoplastic elastomer, polyolefin group
thermoplastic elastomer, polyester group thermoplastic elastomer, etc., however, it is
preferred to use hydrogenated block copolymers of styrene and butadiene or

hydrogenated block copolymers of styrene and isoprene.

Details regarding the hydrogenated styrene group block copolymer are presented below.
The hydrogenated styrene group block copolymer that is preferably used as the
component (E) of the present invention is the material obtained by hydrogenating the
block copolymer formed from the polymer block A having at least 2 units of vinyl
aromatic compound as its main constituent, and polymer block B having at least 1 unit
of conjugated diene compound, as its main constituent. For example, it is the
hydrogenation product of vinyl aromatic compound — conjugated diene compound
block copolymer possessing the structure suichas A-B—-A,B-A-B-A,(A-B)s—

Si,A—B—A-B, etc.
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bl ock structure of vinyl aromatic conpound containing vinyl aromatic
conpound polyner block or vinyl aromatic conpound in a quantity exceedi ng
50 % by vwDg@bwo456pr ef erably nmore than 70 % by wei ght, andPhoydrsoyznat ed
conj ugat ed di ene conmpound. Moreover, the polyner block B having

hydr ogenat ed conj ugated di ene copolyner as its nain constituent possesses
t he copol ynmer bl ock structure of hydrogenated conjugated diene conpound
cont ai ni nghihpsidogensiedblock rppgamed cait@ne viyhpouradicpompesnd bl @ gkantiy

hydr ogen added conj ugated di ene conpound, in a quantity exceeding 50 % by
wei ght, pwahiarthd rangedren Sharc07% B byighte poiftrablgnid aviquaytityawhiattherangepound.
Al so, in case of these polyner block A having vinyl aromatic conpound as
its main freaNstb 50eNby dekhp MYIBlerlepakinB theiobld sthydhireg8s pbisthe BldLKgat ed
di ene conpound as its main constituent, distribution of vinyl aromatic

conmpound gr,,Birdraganabidric CORMpBERE &GitdhGHEGRIREHN fodsBssb theBhEGHAT Cchai n
p r

occurring in the respective ' ymer bl ock can be tandom tap mat eri al

Cn whi ch ) ) I haim . ¢ q
(o e BLTRESLd O\ bR, PRRGHCorsSRLT O oA AFREEE6Y
Furthernnﬁg

in the case, of re than 2. units of the.respective .pol yner

bl ok A PGP IORRGT TRb Ritertie SRR A e g oD ot e Bl pol yrrer
bl ock B havi n hydrogenat ed conj ugated di ene conpound as its nain
const i t uehfeterabhY nisrelanyyvie by weigh. ed ko gapiprerniveset dicag SO dent i cal
structure or different structure respectively. 12 WO 03/004560
PCT/ US02/ Bleopyer, s pobygagrddockiz haying/hydzse genated comjvapodidigne sapdlymeerps épar e t he
hydr ogenat ed copol yner, one or two or npre than two types can be chosen
from st yreme,coaltpghent-porssieglthes tgpobmeer block structure of hydrogenated conjugated

diene compound containing hydrogenated conjugated diene compound polymer block

or hydrogen added conjugated diene compound, in a quantity exceeding 50 % by

weight, preferably more than 70 % by weight, and vinyl aromatic compound.

Also, in case of these polymer block A having vinyl aromatic compound as its main
constituent and polymer block B having hydrogenated conjugated diene compound as
its main constituent, distribution of vinyl aromatic compound or hydrogenated
conjugated diene compound in the molecular chain occurring in the respective polymer
block can be random, tapered (material in which monomer situated in the molecular
chain has been increased or decreased), partial block form, or a desired combination of -
these. Furthermore, in the case of more than 2 units of the respective polymer block A
having vinyl aromatic compound as its main constituent and polymer block B having
hydrogenated conjugated diene compound as its main constituent mentioned above,
each of the polymer blocks can have identical structure or different structure

respectively.
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vinyl toluene, p - tertiary butyl styrene, and anong these exanples,
styrene is preferred. Also, as regards the conjugated di ene conpound

bef ore cawoydngseut hydrogenation that conposes the hydr @egensozeior7

conj ugat ed di ene conpound, one or two or nore than two types can be chosen
from but adi ene, isoprene, 1, 3 - pentadiene, 2, 3 - dinmethyl - 1, 3 -

but adi ene, etc., wth butadi ene, isoprene, and their conbination being

pr ef er r edAs reggrdsgheriny] aroowsie compersl ysed ympiepise dekhythogangted sapalgaced di ene
conpound before carrying out hydrogenation as its main constituent, its

m cro stroctartwoascuore iy tivo tipes catobe cliosem firobesteieos etphas mekylrsgadend-or
exanple, in a polybutadiene block, 1, 2 - mcro structure is preferably

Wi t hi n t heinylaolené, ety BulsOstYoendRAE 2oL ﬁfe@@é&bnml&sbhtﬁrdn@@s réRAge from 25
to 45 % Also, the nunber-average nol ecul ar wei ght of the hydprogenat ed

styrene grc\%fasgb ths thE QORLYATEY dRASSH/IURE bEREe Strfyicd St ByARREABDSR thapbove

that is suppli o the present invention is desired to be wthin the
range fro . . it hi t ,000 to
500_000, _ esmta b B RoR0P Ron REFAIEN domfh B e B3b B s HBE b e
mol ecul ar, wei ght distribution.ratio (Mv/ ,Vh f.weight average | ecul ar
e gt MAPELH PGB e R el - At SRRy s P ERATab 1 ess
than 10. Furthernore, t hﬁ)ﬁ)m)l ecul ar struc u}l;e of the hydrogenated bl ock
copol yner DHaHENS ey Mty hutadieien 1SOBFeac Ay heih GPOERLPR ARy Pefesithi nat i on
t hereof. Manufacturing nmethods for these block copolymers are known in the
art. For beseyre in dase ghPwnedEmpablepl hpyipeicoaivigated Maenepanppynd befires,
lithiumcatalyst, etc., is used and vinyl aronmatic conpound - conjugated
di ene conpuymg Gltdgkragepatiomas its main LBnINDIGR, IG0AEB0 sSPCHIISCRUBHY 71V its

block can be chosen as desired. For example, in a polybutadiene block, 1, 2 — micro

structure is preferably within the range from 20 to 50 %, more preferably within the

range from 25 to 45 %.

Also, the number-average molecular weight of the hydrogenated styrene group block
copolymer possessing the structure mentioned above that is supplied to the present
invention is desired to be within the range from 5,000 to 1,000,000, preferably within
the range from 10,000 to 800,000, more preferably within the range from 30,000 to
500,000. The molecular weight distribution ratio (Mw / Mn) of weight average
molecular weight (Mw) and number-average molecular weight (Mn) is preferably less
than 10. Furthermore, the molecular structure of the hydrogenated block copolymer can

be straight chain, branched, radiated form or a combination thereof.

Manufacturing methods for these block copolymers are known in the art. For example,
in Japanese Patent Publication No. Sho 40 — 23798, lithium catalyst, etc., is used and

vinyl aromatic compound — conjugated diene compound block copolymer is
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synthesi zed in an inert solvent, and next, as regards the manufacturing
nmet hod of hydrogenated material of this vinyl aromatic conpound -

conj ugat eaodBemseconpound bl ock copol yner, nethods descr iPbgdSomuapanese
Patent Publication Nos. Sho 42 - 8704 and Sho 43 - 6636 can be used.
However, particularly, the hydrogenated bl ock copolyner synthesized using
a titaniun1g@ up. hydrogenation catalyst is preferred, as , the resulting

hydr ogen S@HESZ61 38 10 BHH | SPRIEAT A 15Kt saseriéfé"ria;ébﬁn@ﬁafaaW@g.rg@h% okuch as
weat herability and heat resistance. For exanple, the hydrogenated bl ock
copol yner hyskogenaied praseread of i winyl @mm@mcmp@vﬁt—hmwdbizewnmongd out
hydr ogenation in an inert solvent, in the presence of the titanium group
hydr ogenablodn cc;aﬂﬂhylsmsethsdsdwmﬁlbddeid Japaneda pateat Rubldatinh NRsbShe a2i-en Nos.
Sho 59 - 133203 and Sho 60 - 79005. It is presently preferred that the

hydr ogenag®d Hld®Ho £Dp@bgoREn basisa@l Hosastr, §Atuiafly, hydyoaesaiédblotf t he
al i phatic doubl e bond based on conjugated di ene conpound, so that the

pol ymer btoeknhauhRGeGo% 4G ﬁ%tﬁﬁﬁﬂ%r&l%m%nm EdtSlyomk Bréf&i‘le?lt h{ uent can
be structurally converted into a pol yol efi'n-type conpound pol yner bl ock.

Al'so, t he%lgr s}lﬁmg%xgxaorgteftl 8(‘1’(]16?1 hbl&]tnep&h 1 ABe1ft %gacq ns'BXs.dJu%Eﬁé‘at : gn of

aromatic u ron1t e Vi aromatic conp

pr ef er abl The ant | dro d a c doubl e
bond cont |3rji§edst?h %8?6882388?'%r B’f%’&ﬁ q%%ﬁ%% %ﬁe%ﬁ?(ﬁ(o afYﬁ’c% can be
F esonance e SEEEOUORRYEN Bt O (B) AL BBy BT SR EHEE R0 85Tt her

t han the conponents (A) to (tD) mentioned above, and further, other than
the conpoteyint(Efhe prepense o Msetitanigaerow hydroeenstian caebsisiasidsseribed ihe

present invention at the tine of mxing the resin conposition or at the
ti me of ndipaesgPatent Publication Nos. Sho 59 — 133203 and Sho 60 — 79005.

It is presently preferred that the hydrogenated block copolymer has at least 80 % of
hydrogenation of the aliphatic double bond based on conjugated diene compound, so
that the polymer block having conjugated diene compound has its main constituent can
be structurally converted into a polyolefin-type compound polymer block. Also, there
is no particular restriction on the extent of hydrogenation of aromatic double bonds
from the vinyl aromatic compound, however, it is preferably less than 20 %. The
quantity of unhydrogenated aliphatic double bond contained in the hydrogenated block
copolymer mentioned above can be easily determined by infrared spectrophotometry,

nuclear magnetic resonance spectroscopy, etc.
(6) Additives

Conventional additives other than the components (A) to (D) mentioned above, and
further, other than the component (E), can also be added to the resin composition of the

present invention at the time of mixing the resin composition or at the time of molding
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14 WO 03/ 004560 PCT/US02/21077 as long as the material characteristics of
the conposition are not |ost. Exanples of such additives include

cosneti cswodgeestsad fs, flane retardant synergists, reinforecagsbioers
(glass fiber, carbon fiber, whisker), fillers (carbon black, silica,
titani um oxi de, nica talc, calciumcarbonate, potassiumtitanate,
mollastonlte etc.), stablllzers ant i oxi dant s, meatherablllty agents,

ul t ravi ol &t1oRg e awé%kabél?agactﬁﬁ%%@f%mmﬁ%wwrﬁ aalest: Examplghefspght s, nol d
rel easing agents (nold lubricants), nucleating agents, plasticizers (0|

| ow ol ecedditfvenangjide pesimyatichydyasiffsefant deterldnt ayisegistsoleinforsoigy @iy | ene
glycol, fatty acid ester, etc.), nelt flow nodulators, antistatic
reagents,Qﬁmmﬁb@Lbﬁbhnéﬁsg\ﬂdﬂﬁﬁxwﬁkﬁubmbambﬁsksﬁhhg&&nmnhekkb,amhwdride,
citric acid, etc. as well as their anhydrides, etc.), fungicide, etc.

Phot ost abiald, Zatiuecareagenbstassien tikdnaRywoll&torliteghit.) diARey, Sntfoxedhnas
hi nder ed phenols, benzoate conpounds, benzo triazol es, benzophenones, or

formami di Q@atﬁé}ﬁﬁlﬁﬂnde?gentset Gltravid & Qf heciisy@efor ph@fB@tﬁBx'lﬁQlcﬁ‘ln%béBHfsov' ng
weat herability. A’so, nucleatlng agents such’ as i norgani ¢ conpounds

i ncl udi ng]u%f%a ?Holc?f%@e{g nltg %gﬁ@g uﬁr&'&nts %ggelxﬁszglagtﬁc@errg) tic

carboxylic acl d: ric acid netal

salts, et ar e ffect f artl nd i it ant i
“damage  Ghapdieede Wb gpolz/%ﬂﬁ/&"?'i&?%?%# ﬁoabﬁfér? ?f@ PR T on as
wel | as nol ded naterlal There is ng particular restriction on the nethod
that may Had uSeeh f 8ic-)t h@e wlalors,  PRESIRS| 538D o SPIPEHPILEETE he
present invention, and it can be manuf actured using all the conponents

ment i oned(digsdexyhy acifly ush anmaleit adadrideeiesesid, e ks well as thgireshydsdss,

etc.), fungicide, etc.

Photostabilization reagents and ultraviolet light absorbers such as hindered phenols,
benzoate compounds, benzo triazoles, benzophenones, or formamidine compounds,
etc., are effective for imparting and improving weatherability. Also, nucleating agents
such as inorganic compounds including talc, or organic compounds such as metal salts
of aromatic carboxylic acids, sorbitol compounds, or aromatic phosphoric acid metal
salts, etc. are effective for imparting and improving rigidity and anti -damage

characteristics.
(7) Manufacturing method of resin composition as well as molded material

There is no particular restriction on the method that may be used for the manufacture of
the resin composition of the present invention, and it can be manufactured using all the
components mentioned above by different methods. However, melt mixing methods
are particularly preferred. A solvent can also be added in a small quantity at the time of

carrying out melt kneading, however, generally it is not required. Examples of melt
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are particularly preferred. A solvent can also be added in a small quantity
at the tinme of carrying out nelt kneadi ng, however, generally it is not
requi red. wbanpises of melt 15 WO 03/ 004560 PCT/ US02/ 2107 PCTHIsezziony

devi ces include single-screw extruders, tw n-screw extruders, Banbury

m xers, roll mxers, kneaders, Brabender plasto-graph, etc. However, nelt
kneading _using a tw n-screw extruder is the nost preferred. There is no
parti cul eﬂﬁneﬁ@ggrde&q%rﬂn@vé@ STRg|e-SEREIVE CKFRSIRER, iy R-SFFEYT SXders, NBHRbyEY |
usually it is within the range from150°'C to 350 C. The resin conposition
of the priogers ralhwexdrs,dmeadrrs Brisberideelaste-auspdd etmdHpweve, meltdneatingn a
conductor such as copper wire etc. after which wire cable is nolded by

ext r usi onusinglhevifi-saew exetiderdatiie mess prefamdpbisdre isaro pasechlanresttictéoncaet e
covering material of the present invention has been expl ai ned bel ow in

further dgeaidt m«ieadnn% }%@bﬂﬂr@ﬁdoﬁ/@%‘rths@l@ily 1tS% e the HRYERBM, 1J0NC tPr esent
invention is not restricted onIy to these practical exanples. EXAVPLES

1-3, COVPARATI VE EXAMPLES 1 AND 2 The fol | owi ng conpounds were used in the
practi cal exanples. Conponent (A): PPE group resin (A-1): Poly (2, 6 -
dimethyl - 1, 4 - phenyl ene ether) having an intrinsic viscosity

(chl or of of I r ; - N . iCcs
Kabushi Ki ]i?arl ﬂ ang%gggg%b}% 14rrgsse %l{n{n?%ﬂ g? th‘lgsfbt}%gd 1561[1\‘3'-685’9 d ltqgﬁg+e?é& 1, 4 -
phenyl ene_et her,) . havi intrinsic, Vi.sco r.of or of 0.46
17 g (& Schar R e s as R et ABE R Tisk M nBH o TR B %)uswn-

The flame retardant resin composition used in wire cable covering material of the

present invention has been explained below in further detail with the help of practical

examples. However, the present invention is not restricted only to these practical

examples.
EXAMPLES 1-3, COMPARATIVE EXAMPLES 1 AND 2
The following compounds were used in the practical examples.

Component (A): PPE group resin (A-1): Poly (2, 6 — dimethyl — 1, 4 — phenylene ether)
having an intrinsic viscosity (chloroform, 30°C) of 0.12 dl/g (trademark SA 120,

Nippon GE Plastics Kabushiki Kaisha),

PPE group resin (A-2): Poly (2, 6 — di methyl — 1, 4 — phenylene ether) having intrinsic
viscosity (chloroform, 30°C) of 0.46 dl/g (trademark PPO 646, Nippon GE Plastics

Kabushiki Kaisha),

Aromatic vinyl group resin: High impact polystyrene (HIPS) (trademark Topolex

876-HF, Mitsui Kagaku Kabushiki Kaisha)
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Aromatic vinyl group resin: Hi gh inpact polystyrene (H PS) (trademark
Topol ex 876-HF, Mtsui Kagaku Kabushi ki Kai sha) WO 03/ 004560

PCT/ US02/\20®3/B045@nponent (B): Phosphate ester flame retardanisoy/dor) TPP:
Tri phenyl phosphate (Dai hatsu Kagaku Kabushi ki Kai sha), Phosphate ester
flame retardant (B-2): Conmpound shown by the fornmula (i) given bel ow,
here, mxture of r =1 to 10 (trademark CR733S, Dai hatsu Kagaku Kabushi ki
Kai sha), C&oponghta (B): BhdBphate \astef f{apneHedtodanaibet) goPy skriphemd: piBspimtsnat ed
pol ystyrene (trademark PYRO - CHEKG68PBC, Al bemarle Asano Kabushi ki

Kai sha), (CeipmudtdgakCKabBdnlorkgiliegphat e (Yonehama Kagaku Kogyo Kabushi ki
Kai sha), Conponent (D): Zinc boron hydrate (Mtsuyo Kasei Kabushi ki

Kai sha), Tetrafluoroethylene: (trademark FRL04M - B, SHANGHAI 3F Kabushi ki

Kai sha), P}ﬁ@gﬂweﬂa (lhe rEhedd@rBayt Conpbasd eR®in by Fi@l:wshmm@r(gl giv@pl y
(ethyl ene - butylene) - polystyrene (SEBS) (trademark Kraton 650, Shell

Chem cal WaluIRtKimikais B?) = 1 ) 10 GRIRRARNER7YES, O dRlttu Kﬁ@ﬁéﬁe@aﬂu@hﬂ(pe

proportions g|ven intable 1 (parts by weigh %?g to formpellets using a 30
mm t Wi n- s%%%extruder wi th a kneadi ng tenperature of 17 WO 03/004560
PCT/ US02/

[Formula 3]

6

(42

Q
S

Halogenated polystyrene: Brominated polystyrene (trademark PYRO — CHEK68PBC,

Albemarle Asano Kabushiki Kaisha),

Component (C): Boron phosphate (Yonehama Kagaku Kogyo Kabushiki Kaisha),
Component (D): Zinc boron hydrate (Mitsuyo Kasei Kabushiki Kaisha),
Tetrafluoroethylene: (trademark FR104M — B, SHANGHALI 3F Kabushiki Kaisha),

Component (E): Thermoplastic elastomer : Polystyrene — poly (ethylene — butylene) —

polystyrene (SEBS) (trademark Kraton G1650, Shell Chemical Kabushiki Kaisha).

All components were melt kneaded in the proportions given in table 1 (parts by weight)

to form pellets using a 30 mm twin-screw extruder with a kneading temperature of

17



280 C and a screw rotation rate of 280 rpm These pellets were used and
test plates were O prepared by injection nolding at a tenperature of 260
C and a mwpaBli4setrol d O tenperature of 80 C. Test pl at espagrusorymbiuat ed
and the results are presented in table 1, below In conparative exanple 1,
boron phosphate and zinc borate hydrate were not used. In conparative
exanpl e 2, hal ogenat ed pol ystyrene was used instead of phosphate ester

flame ret&@Uan %m‘ﬁﬁ@ﬁtlor(@}e Ofa?r$8rPl@tTl?eﬁsm@}%%wyrué@ﬂaanﬁégst@%W%tead of
boron phosphate and zinc borate hydrate. Measurepent nethods used for

char act er prspired dpalinjeeticon nieddieg biden tpmperetire df bW, andrhemstallicdafcdd mat i on
tenperature (heat distortion tenperature; HDT) was neasured as per ASTM
D648 usi ngnmetadgt op8@Te Tex plangy wht ekalessd afd the febuitnab padsemed ondblefl, 18. 6
kg/cm2. Melt flow index (MFlI) was neasured as per ASTM D 1238 at 250' C and
at the | opglo@f 10 kg/cnR. Conmbustion test: VB (vertical burning) was
carried out as per conbustion test indicated in Bleten 94 "Conbustion test
for material classification" of the Under Witer Laboratory Incorporated

(known asyt gngdkati 94 ekﬁ%&])e(lu ot ﬁlob'}SHafteSalﬂf zihEBdraRkBlLRe WefShot uBd@ES havi ng

a thickness of 1/16 inc If the material had a conmbustion tine

wthin 10, %ﬁl@?ﬁ% &%‘ﬁg S P Q{Erehﬁg érgt?f n 'wﬁas NQLq Hl ’ceBd o'fhhé(@ﬁat%‘é@ﬂe}‘at ed as

"sati sfact _ cotton dri ppe was eval uat ed
?r; as E ; g?rg %rge retargarétg(r:olmgcalegp {ﬁ)a SanS etlggr%@jw%é%nes %vrase rlll d¢ ngsteagj()f bo-;gne

phosphate and zinc borate hydrate.
Measurement methods used for characteristic evaluation have been presented below.

Thermal deformation temperature (heat distortion temperature; HDT) was measured as

per ASTM D648 using a test plate having thickness of 1/4 inch at a load of 18.6 kg/cm®.

Melt flow index (MFI) was measured as per ASTM D1238 at 250°C and at the load of

10 kg/em?.

Combustion test: VB (vertical burning) was carried out as per combustion test
indicated in Bleten 94 “Combustion test for material classification” of the Under Writer
Laboratory Incorporated (known as the UL-94 test) using 5 units of test plates (test
plates having a thickness of 1/16 inch (1.6 mm)). If the material had a combustion time
within 10 seconds and the ignited cotton did not drip, it was evaluated as “satisfactory”
in Table 1; if the ignited cotton dripped, it was evaluated as “Presence of drip” in Table

1.

Izod impact strength (IZOD): The measurements were carried out as per ASTM D256

at 23°C using a notched test plate having thickness of 1/8 inch.
18



at 23C using a notched test plate having thickness of 1/8 inch. 18 WO
03/ 004560 PCT/ US02/ 21077 Tensile strength (TS): Measurenent was carried
out as pewOASIMSBI638. Tensile elongation (TE): Measur enentCrasovanri ed out
as per ASTM D638. Degree of environnental |oad: At the tinme of the
conbustion test, the material not form ng harnful substance that exerts
bad i nfluence on the environment or the human bodg was judged as "o", and
t he mat er i Ensieoitiepgy (ha)- A easueemsat wae eartiphpute def ASHNHDO %%fluence on the
envi ronment or the human body was judged as "X" [Table 1] Practi cal
Practical Practical Conpara Conparati exanple exa exanple tive ve 1
3 exanpl e Texsitptlengation (TIoy Mrasprmepiavas cagfedati@s pey ?\;)SWEDQ% 2) 55 55 55 55
Styrene group 45 45 45 45 45 resin (H PS) Conpo TPP (B-1) 15 15 15 nent
(B) CR733S (B-2) 15 Hal ogenated 10

Degree of environmental load: At the time of the combustion test, the material not

forming harmful substance that exerts bad influence on the environment or the human

L‘ 2

body was judged as , and the material forming harmful substance that exerts bad

influence on the environment or the human body was judged as “X”.

[Table 1]
Practical | Practical | Practical | Compara | Comparati
example | example2 | example | tive ve
1 3 example | example 2
1
Compo | PPE (A-1) 55
nent
(A) PPE (A-2) 55 55 55 55
Styrene  group | 45 45 45 45 45
resin (HIPS)
Compo | TPP (B-1) 15 15 15
nent (B)
CR733S (B-2) 15
Halogenated 10
polystyrene
Compo | Boron 1 1 1
nent (C) | phosphate
Compo | Zinc borate | 0.5 0.5 0.5
nent hydrate
D)
Tetrafluoroethyl 0.1
ene
Compo | SEBS 5 5 5 5 5
nent (E)
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pol ystyrene Conpo Boron 1 1 1 nent (C) phosphate Conpo Zinc borate 0.5 0.5
0.5 nent hydrate (D) Tetrafluoroethyl 0.1 ene Conpo SEBS 5 5 5 5 5 nent
(E) 19 WwO3B0e#sb60 PCT/ US02/ 21077 Evaluat HDT (C) 80 90P@3/1$02/4@0@7 i on

i ndex MFI (g/10 25 16 10 18 8 m nutes) Conbustion test Satisfacto
Satisfactor Satisfact Presence Satisfactor ry y ory of dripy 1Z0OD 18 23

20 22 28/ Elk tcnﬁgrp(od§ (KOT&® 400 Py 500 553 580 [d§ (Ko/ Fidg 30 50 45 38
60 Degrel%no 00 0O
index MFI (g/10 | 25 16 10 18 8
minutes)
Combustion test | Satisfacto | Satisfactor | Satisfact | Presence | Satisfactor
ry y ory of drip y
1ZOD 18 23 20 22 28
(kg.cm/cm)
TS (kg/cm®) 400 470 500 . 510 580
TE (kg/cm’®) 30 50 45 38 60
Degree of | o 0 o o X
environmental
load

The invention provides a flame retardant resin composition that has excellent flame
retardance using non-halogenated compounds, especially in the absence of explosion at
the time of combustion or dripping of the resin The composition further provides
satisfactory melt behavior and excellent processability, heat resistance, impact strength,

and flexibility. It is extremely useful as a wire and cable covering material.
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environnmental |oad The invention provides a flanme retardant resin
conposition that has excellent flanme retardance using non-hal ogenat ed
conpoundswoaspetrss@l |y i n t he absence of explosion at thePCrnsonti077
conbustion or dripping of the resin The conposition further provides
satisfactory nelt behavior and excellent processability, heat resistance,

i npact strength, and flexibility. It is extrenely useful as a wire and
cabl e cov@LA%&Shateri al . 20 WO 03/ 004560 PCT/US02/21077 CLAINS: 1.A

t her nopl astic conposition, conprising: 100 parts by weight of a resin
conponent conprising a pol yphenyl ene ether group resin, or a polyphenylene
et her gr obp theioplasic eanbosiien, 6amprisingan aromatic vinyl group resin; 2 to
30 parts by weight of a phosphate ester flane retardant; 0.1 to 20 parts
by wei ght of boron phosphate; and 0.1 to 10 parts by weight of zinc borate
hydr at e. R0Tetsbherenghp bhstdsin coopposittcdomprising Epalyphdnyleteeatiedr grauperesin,

pol yphenyl ene ether group resin is a poly(2,6-dinethyl-1,4-phenyl ene

et her) hayi ngoBphényldnensgher yosg @sdit ¥n @bmBindBon txdth0ard BrofeaRwigd @abuB0C in
chl oroform 3. The thernoplastic conposition of Claim1, wherein the

pol yphenyj.gine ether group resin is a copolyner conprising
2,3,6-trinmethyl-1,4-phenyl ene ether units. 4.The thernoplastic conposition
of Claiml, wherein the aromatic vinyl group resin is

2 to 30 parts by weight of a phosphate ester flame retardant;
0.1 to 20 parts by weight of boron phosphate; and
0.1 to 10 parts by weight of zinc borate hydrate.

2.The thermoplastic composition of Claim 1, wherein the polyphenylene ether group
resin is a poly(2,6-dimethyl-1,4-phenylene ether) having an intrinsic viscosity of 0.08

10 0.60 measured at 30°C in chloroform.

3.The thermoplastic composition of Claim 1, wherein the polyphenylene ether group

resin is a copolymer comprising 2,3,6-trimethyl-1,4-phenylene ether units.

4.The thermoplastic composition of Claim 1, wherein the aromatic vinyl group resin is
a homopolymer or copolymer of styrene, alpha-methyl styrene, alpha-methyl-p-methyl

styrene, chlorostyrene, or bromostyrene.

5.The thermoplastic composition of Claim 1, wherein the aromatic vinyl group resin in
a high-impact polystyrene comprising 70 to 99% by weight polystyrene and 1 to 30%

by weight of a diene rubber.
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a honopol yner or copol yner of styrene, al pha-nethyl styrene,

al pha- net hyl - p-net hyl styrene, chlorostyrene, or bronostyrene. 5. The
t her nopl awDios/oesrposi tion of Claim 1, wherein the aromati @CIiusg22roup
resin in a high-inpact polystyrene conprising 70 to 99% by wei ght

pol ystyrene and 1 to 30% by weight of a diene rubber. 21

6.The thermoplastic composition of Claim 1, wherein the resin component comprises 1
to 99 parts by weight of the polyphenylene ether group resin and 99 to 1 parts by weight

of the aromatic vinyl group resin.

7.The thermoplastic composition of Claim 1, wherein the phosphate ester flame

retardant is an aromatic phosphate ester.

8.The thermoplastic composition of Claim 1, further comprising 1 to 100 parts by

weight a thermoplastic elastomer.

9.The thermoplastic composition of Claim 8, wherein the thermoplastic elastomer is a
hydrogenated block copolymer of styrene and butadiene or a hydrogenated block

copolymer of styrene and isoprene.

10.An article comprising the composition of Claim 1.
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