WD 03/004560 2 9 DEC 2009 PCT/ US02 /21077 FLAME- RETARDANT COMPCSI TI ON AND
ARTI CLE BACKGROUND The present invention relates to a flane g@%ﬁﬁg{nt resin
conposition for use in wire and cable covering material. '
speci fi caVPP3/043€0 present invention relates to a flane rREHPHRAAOFesin
conposition for use in wire and cable covering nmaterial that has. excellent
fl ame retardancy using non-hal ogenated materials, especially in the absence

of explosion at the_ti ti 0 i.ppi resin, and has
excel | ent processEBﬁhﬁ?ﬁ%ﬁﬁéggggighgpgﬁ%g&hhﬁﬁgﬁgA@%?éﬂgth, and
flexibility Pol yphenyl ene et her has excel |l ent nmechani cal properties,
electrica ﬁ%fertles heat resistance, and |ow tenperature properties, as
wel |l as | UMD absor bance and excel | ent di mensi onal stability.
However, it is deficient in nolding processability and inpact strength,
and t hese problens are solved by blending it with polystyrene or high

i npact polespryseahinvertiquelates o & dapesetrrdsntresinppmppsition fogiuge s ardor
exanple, in electric and electronic parts, office device housings,

aut onobi | @bRacsveringreateridl oMopaspaificallyy theugresant irsential rgbates & acltame The

cl assi c pol yphenyl ene ether resin conposition fornmed from polyphenylene

et her andefar@iht iregiacdonipobilish oL mee (i eRiré).ahd ddBleetiveliiy ndatS®al, thatbhas has
i nproved i npact strength, however its chemi cal resistance is deteriorated.

Due to t kkéx%o:]]ériFHFai?ﬁé"rBﬁﬂi&m6%$f usid H&ﬂhalb@&la‘%é@z‘ﬂ&t%nﬁ@%bé&%ﬁ&tm%é ghghée based on
bl endi ng pol yphenyl ene et’her ‘and pol yol efi n has been proposed in U.S.

Patent No, eé@ggsanéggéthe ot BBk i, BF Rl b, mparent o

i mpact str sol vent eS| st ance a hydrogenat ed
glt ngngogﬁéﬁeﬁs? §tp’ ea ES¢ ané/e 1errnl§ac%ts ength, and@f%x%ﬁhqernyl ene et her as well as

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 2 9 DEC 2005 WD 03/ 001560 PCT/US02/21077 In the past, polyvinyl chloride)
resin has been widely used in resin conpositions enployed as a covering
material of wire. and cable. The poly(vinyl chloride) res g]ljgg%%antl
thermal tenperature low at 60 *C and it is also flane, re ant . However,
"since it coMldPii¥ Hal ogen, there is a fear of causing eﬁ‘?ﬁﬁ‘%ﬁﬂﬁﬁt al

pol lution by generation of dioxin, etc. at the time of conbustion, and:
~regul ations regarding its use have recently beconme stringent. Furt herm)r.e,
“there are cagfmheHastUpoInN@inkyEtiladde) asineiab pb@neidely usab innredin ppowisitionns used as
a covering material of wire and cables. Tetrafluoroethylene is flame

- retardant anemplaged & beoasivgnpaegs odivirband crag]edrhen;oty()@rim;ﬂolhlbmdegremh@ert| es,
however, it has the di sadvantages of being difficult to rnix with ot her :
resin corrposmtti thermahrechphamidigwrae6lic e it py dodkerbetidint. HiWese, silredause of its
thermal- contractibility (shrinkage), it cannot be used in the 5V test of
UL 94 and nayonténsdsigern, SMendiswi fedn oéb@&ng lemmymtréailpa@elooamsmrabyn danage. of-
the wire and cable covering material at the tine of burning. In addition to
this, tetraf figuinode flihe timetod sornlivetiqny widiregnlatipnsragasdingiteysy havs repeRtbval

pollution simlar to poly(vinyl chlorid€) resin mentioned above, since it
contains flbespinpgtringR-EF SUMVARY The present invention solves the problenms
of the techni ques of the past nenti oned above and prOV| des a resin '

conposi tion E‘H@ r wre aogca te t(ﬁ:;llg rs Stz)avusrel excel | ent
i e et ar dTEETP Qf’%ﬁ“‘ﬁ%ﬁ aaﬁ%&eé el SRt Rhe T o
ab_sl_ﬁgcg Qf exgclv%grlmgo Qmatg‘%al 05‘ wite andﬂ-rcglb]es. _Tetrarmlgr%gthqgnqu ﬂar I Peparcﬂgt a(PlIl his he r esin..
the advan;age of haviﬁg id‘rip 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 thé 5V test of UL 94 and may be associated with eléétricity 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 ¢nvi;onm_ental
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
: haﬂ/ing excellent flame retardance using non-halogenated materials, especially in the Lo

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



- 79 DEC 2005 WD 113/004560 PCT/US02/21077 conposition also has satisfactory
melt properties, and excellent processability, heat resistance, inpact
strength, and flexibility. The present inventors carri ed) bl Wb ous
~experinents in order to solve the problens nentioned above, and as a
result they MOWHI4EMat the resin conposition obtained byPCWeHRpSHdi ng
phosphate flanme retardant, boron phosphate, and.zinc borate hydrate wth
t he pol yphenyl'ene ether (called PPE hereafter) resin, optionally in the

presence of co%p%pﬁ%r; sasymyéaﬁgv;&%}gg?&s}sr&mieg AIREMAEH Fockablifydleyes the.

covering materia wre an e ‘excel 'ent fl ane 'retardance, especially

in the absen{%%g@;fce}%?ﬁﬂé&%&?tha&ndtﬂ%ﬁibhitﬂe of combustion or dripping of the
resin. The conposition further exhibits excellent processability, heat

resistance, inpact strength, and flexibility. In a first enbodinent, a.
flame retar dand preesii ifvep@RP@SIddi d@DvarRed edperimentd in@rden b Bl ltiee pretdeney | ng
material conprises (A) 100 parts by weight of polyphenyl ene ether group
resin, or a pettppéicsbplenead ed hessuly ey found shan therreshopdnpositipo nbtenedbyan ar omati ¢
vinyl group resin, (B) 2 to 30 parts by wei ght of a phosphate ester flame
retardant, (&mmpuiditgophoRfhaaiidns tstardeei, §ivon phospbata ranp kims portechydeted (D) 0. 1
to 10 parts by weight of zinc borate, hydrate. 1n a second enbodi nent, -the
fl ame ret ar daiih the pelyphesdensetict (calted PPEhateafien) redin, eptimmallciathepresenseef i ng
material is as described in the first enbodi nent, wherein the pol yphenyl ene .
et her group eremtie. viny greup yes{in @speciflf ratip Ispves the govering mpleeal \pff wite aest her )
having an intrinsic viscosity of 0.08 to 0.60 dl/g neasured at 30"C in
chl or of or m ageblerracallent\flape retgrdance, esprcislip p5heysese oORpBEoparhe e rH 1077

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

processability, heat resistance, impact strength, and flexibility.

In é first em-bodi'ment, a flame retardant resin coniposition useful in wife and cable
covering'materiél comprises (A) 100 parts by weight of polyphenylene ether group
resin, or avpo]yphenyl_ene'.ethevr grdup resin in combination with an aromatic y-inyli
group résin, (B) 2 to 30 parts by weight va a phosphate ester flame retardant, (C) 0.1 tb
20 parts by weight of boron phosphate, and (D) 0.1 t0 10 farts by weight of zinc borate |

hydrate.

In a second embo"diment, the flame retardant fesin compdsition useful in wire and cable
covering material is as described in the first e:hbodimcnf, 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°Cin chloroform as the solvent.




In a third enbodinent, the flanme retardant resin conposition useful in wre
and cable covering material is as described above in the first or second
enbodi ments, in which the phosphate ester flame retardap$ Dat lilbe Conponent
.(B) is an aromatic phosphate ester. In a fourth enbodlneqé s%gﬁo%
retardant re¥PH3YH80si ti on useful in wire and cable Wy material is
as described above in any one of the first, second, or third enbodinents,
wherein the resin conposition further conprises (E) a thernoplastic:
elastonl er. o @ird bfbdAirsernasd Mmntretatda résiedmpostiar wbafit inrveied and cabigposi t i on
useful in wire and cable covering material is described for the fourth
enbodi ment,  yhergi Hatétieis bhesampd Asve 6 thedira st econdrembbdimbes, dovipdrient (E) is
a, hydrogenated bl ock copol yner of styrene and butadi ene or a hydrogenat.ed
bl ock copol ypmepifate esteyflanacaridnt iof tye cenponedER )b EDODREBGROFMIMEOMNIEE THE
PREFERRED EMBCDI MENTS The present:invention has been explained bel.ow in

further detail. Pol yphenyl ene ether group resin, pol yphenyl ene ether -
group resin I foetismbadimsnt, thgillemne gt ieémW’hRﬂsmﬁP Bifﬁ‘l PR EAN 6 onent (A))
In.the present invention, well known mat eri al s canépe used as th PPE’group
resin of thecovedmgpmatsr ip &y depgrbed gbovedn aayAPGeT HeetiBPESPG i

general |y the polynmer has structural units shown by the ne { fornula
(1) gi ven betrahedimatsphersigdhe [N RposiBB0Per/ cOMBHSF ¥ £ FeEoniag 1% 1] (1)
wher ei n, each of the R, R2, R3 and, R4 is. hydrogen, hal ogen," hydrocarbon
radical , suBlat®eit ed hydrocarbon radlcal -“al koxy radical, cyano radical,
phenoxy radical, or nitro radical; and n is an integer show ng the degree"

-of pol'ymerization en-lrbmdl%ne%?rhebf?arnler}et&%&mre_sin-compositioh useful in wire and cable
| - covering material is described for the fourth embodiment, wherein the thermoplastic
elastomer of the ¢component (E) is a hydrbgenated block copolymer of styrene and

butadiene or a hydrogenated block copolymer of styrene and isoprene.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
' The i)resent in\}ention has been exp'l_aihedlbeelow in further detail.

' Polyphen’yléne ether group resin, or po]yphenylehe ether group resin in combination

with aromatic vinyl group resin (component (A))

In the presexjt invention, we]i known:materials can be used as the PPE group resin of the
component (A). Néme]y, as regards the PPE group resin, generally the polymer has

structural units shown by the general fonnula“_(I) given below.



- of a honopol yner shown by the general formula given above, -or it can be in
the formof a copolyner having two or nore than two. types of phenyl ene
ether units conbined. Concrete exanples of R, R2, R3, 3AdDECRAY adical s

i nclude chlorine, brom ne, iodine, nethyl, ethyl propyl, ally), phenyl,
~benzyl, met hybobemsyl , chl oronmethyl, brononethyl, cyandﬁﬂﬂ#mﬂHEVano
nethoxy et hoxy, phenoxy nitro, etc.. Concrete exanples of. .t he PPE group
resin include pon (2, 6 - dinethyl - 1, 4 - phenylene ether), poly (2, 6 -
diethyl - 1, 4 - phenylene ether), poly (2 - nethyl - 6.- ethyl -1) 4 -
phenyl ene ether) poly (2 - nethyl - 6 - propyl - .|, 4 - phenyl ene ether),

- .'poly (2, 6 - dipropyl - 1, 4 - phenylene ether), poly (2 - ethyl - 6 -

propyl - 1, formbhenyl ene ether), poly (2, 6 - dinmethoxy - 1, 4 - phenyl ene
ether), poly (2, 6 - di(chlpr8;y nethyI)Rq 1, 4 p\enylene ether), poly (2, 6

di (bronmd net hyl) . 1.,-4 - pheny poly (2, 6 --diphenyl -1, 4 -
- phenyl ene et her), poly (2, 6 - di 2 9 DEC}2005 WO 03/004560 -

PCT/ US02/ 21077 .1, 4 - pheny g o(2—6- - dighjoro - 1, 4 -

phenyl ene ether), poly (2, {6 - d|a- ' 1, 4 ¢ phenylene ether), poly

(2, 5 - dinethyl - 1, 4 - e enher), etc.| Preferred PPE group
resins include the polyner |hagi, g al kypgradi cal s particularly, the alkyl
radi cal having Ito 4 carbo at 8ns as the’Rl and Rg occurring in the formula
(1) given above, where n is preferably nore than 50. Preferred PPE group
resins further include PPE copol ymers conprising units in which three

al kyl s ‘have been substituted in the polyphenylene ether structural units
gi ven above, such as copolyners conprising 2, 3, 6 - trimethy | - 1,4 -
phenyl ene ether units. Al so, the copolyner in which a styrene group
compound hasRgeRn, eichfot @f k'O RENRS£HdRAPEs Gadtogdns Raldden, Us@tbcarbargdicels of t he
styrene group conpound suitable for graft polynerizing to the PPE include
styrene, substituted hydrocarbon radical, alkoxy radical, cyano radical, phenoxy radical, or nitro

rad.ical; and n is an integer shox)ving- the dégree of ﬁolyrﬁerizétion. This can be in form
of a homopolymer shown Ey the general formula given above or it'can bein the form of
a copolymer having two or more than two. types of phenylene ether umts combmed
Concréte examples of R1 R2 R3 and R4 radicals mclude chlorine, bromine, 1od1ne,
_ methyl, ethyl propyl, allyl, phenyl benzyl methy! benzyl, chloromethyl, bromomethyl

cyanoethyl, ‘cyano, methoxy, ethoxy, phenoxy, nitro, €tc..

Concrete examples of thé PPE gropp resin include poly (2, 6 — dimethyi -1,4 -
phenylene éther), poly (2, 6 — diethyl — 1,4 - phenylepe ether)? poly (2 - methyi -
ethyl — 1, 4 — phenylene efher), poly (2 - rﬂethyl -6-— ”p‘rOpylk -1 , 4—phenylene ether),
poly @, 6- dipropyl — 1, 4 - phenylené_,ether), poly (2 — ethyl — 6 — propyl - 1,4 — |
‘phenylene ether),. poly (2, 6 — dimeth.oxy -1, 4 - pheny]éne ether), poly (2, 6 —
. ai(chlox'é méthyl) — 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~ di_toluyl -




~al pha - nethyl styrene, vinyl toluene, chlorostyrene, etc.. 0 .The
intrinsic viscosity of the PPE group resin of the presené9 [m; @]tsl on
measured at 30 C is chloroform is preferably within the”r 3 of 0.08 to
0.60 dl/g. If this intrinsic viscosity becomes less than 0.08 dl/g, then
"the mechani c¥P"¥%¥hgt h, el ongation, and properties sucif” Aiso2 0y

resi stance, etc. of the conposition are lowered. On the -other hand, if it
exceeds 0.60 dl/g, then the processability of the conposition renarkably
tends to get] kovwsHepdend dthdrpolp (B Sendictiisrsent, i40nphehilenereist), pids (2, 6= PPE gr oup
resin, is pon (2, 6 - dinmethyl - 1, 4 - phenylene ether) having intrinsic
viscosi t y ofdigni@ 1104 0.phénytthé gha, p@9 (X 5i-ndimethylerio# ephanylene diies), present

i nvent.i.on, the conponent (A) is-the PPE group resin nentioned above or the
PPE group r extfarrehPRIOghonm@sinoinclivdetthe polynasr bereing dkyliradydalsgragiisplansdhen.  Exanpl es
of the aromatic vinyl group resin include honopolyners of styrene or its
derivati ves,allas r@i] BE®g2003 csiPOBHO0BSBOR ﬂ@mzusoxzmrgmm fomja @s
copol yners of styrene and p - nethyl, styrene, ha - nethyl styrene,
“al pha - net hyiven-abpve, wieretmyib pl@feyqbb’rreoreé}rﬂﬂowogltﬁﬁleﬁ PE pioaprirsy fsthed etc. The
rubber-nodified polystyrene. (HPS) forned from 70 to 99 % by weight of
aromati ¢ vi rigtludedifFoenelymes serpived vaiioneviagidhree alkylgbavebpgn S\Kkﬁ“&ﬁ? of diene
rubber, can al so be used. Exanples. of the diene rubber used in H PS '
i ncl ude honnip gsipphihenylsne o’aﬂﬁptn@@}faéama.géwe algwwﬁch % BRROBTTERSOBRE TS s

but adi ene,. i soprene, chloroprene, etc ners of .co at ed dlene
group conpouhdsd ametikal-tir 2bhewlens ?W"éuﬁ’éﬁ'rﬁg g%COB?]y’H?ro’h’ﬁﬂdb‘?

: I(:O{T‘;)ggngf i ?]gsroall\)e clzolm}:'oun({.I ﬁ‘ashl;)reeanl gra#et?ibt%rthese tP?’E caheFég b(e:?igedbﬁxamp? f r%het he ‘f.o_r m of

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

alpha - methyl styrene, vinyl toluene, chl.orostyrene, etc.. .

. The mtnnsm v1scosny of the PPE group resin of the present invent:on measurcd at30C

' '1s chlorofonn 1s preferably within - the range of 0.08 to 0.60 dl/g If th1s mtnnsm

. viscosity becomes less than 0 08 dl/g, then the mechanical strength elongatxon, and |

) _properhes such as heat resistance, etc. of the composition are lowered. On the-other -
hand, if it exceeds 060 dl/g, then the-pro‘cessabﬁity of the composition re_niarkably

~ tends to get Jowered.

In the presen“( 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 preseni invention, the component (A) is the PPE group resin mentioned above or
the PPE group resin in combination with an aromatic viny] group resin. Examples of
the aromatic vinyl group tesin include homopolymers of styrene or its derivatives, as

6




- the formof mxture of two or nore .than twot.
but adi ene - styrene -copolymer is particularly preferred Bﬁbﬁfaﬁ n be -
obt ai ned by net hods such as enulsification polynerizati gen3|on

pol ymeri zation, lunp state polymerization, solution polynerization, or by
" conbi ni ng t hWed3/PeiNods. Additional exanpl es of aronatrg'vwwypogroup |
resins include styrene - acrylonitrile - acrylate copol yner,.- FPDM group -
rubber-nodi fied polystyrene, acrylate rubber-nodified styrene o
acryloni tril gef QPQpYBkss o2tiSrend shalp1eneMIPMIENR] alfH)- iyl Bi9repé, AfpBaL

i nvention, PPE group resin and aromatic vinyl group resin can be - :
‘COWpounded i @l feshéid sprapehlofRRrentiBreM Gtyrendsital The rublei-modiiedpoundi ng
ratiois | to 99 parts by.weight of aromatic vinyl group resin with respect
to'99 to | ppdlyssyrb)e @EPYHOmed FORE7 Qo9 besieeht BY beatizbliny] canpvad i ¢ vi nyl
group resinis used in a quantity within the range from-20 to 80 parts by
" wei,ght Wit h mestjpeed attoge 8@ 1tto 30 2Abypeaigls obdienveritipht, canfalsPBEugpddRpmplsi n.  (2)
Phosphate ester flane retardant (component (B)) 2 9 DEC 2005 WD 03/ 004560
PCT/ US02/ 21037 thel diertehrebtpr exd it HIHS\/recitldajlm,m@x]annpls@ﬁ cofugated dighogehpt e est er
flame retardant conponent (B). include phosphates such-as trinethy .
phosphat e, t cingiobyds spHosyiivedepe, tisopnephloroppine syxhiatogolymers bfitapjugatephosphat e,
tripentyl phosphate, trihexyl phosphate, tricyclohexyl phosphate, .

tri phenyl phdispharap tcompmedsylanghosgibrated, nitre | ooyipewylb ‘gshexopiatie evindi met hy|

et hyl phosphate, nethyl dibutyl phosphate, ethyl ropyl. phosphate, - :
hydr oxyphenyrommnlpﬂﬁewqﬂapnefsrph”a‘ﬂ@r et Eheseranﬂ)heseés'hﬁge@ﬁﬂe APAPRiiBh t hese
are substituted by. different substitution radicals. As regards the
phosphat e esthefom] afbitue of dunpr PR than Ve, BPEss BelYj Bytadiepge— rbégfi‘ﬁ""corrposr tion

of the present invention, the.c ound t he ener rmul a gi ven
bel ow par &1 BYESR {oDTE SR RUT DB EATY T AR ouene S SRR 1 r om

emulsification po]yme_nzatxon, suspension polymerization, lump state polymerization,

solution polymerization, or by combining these ;hethods. Additional examples of
aromatic vinyl group resins include styrene — acrylonitrile — acrylate' copolymer,
FPDM group rubbei-modified polystyrene, acrylate rubber-modified styrené -

acrylohihi]e copolymer, etc.

in the component (A) of the preserrt invention, PPE group resin and aromatic-vinyl
group resin can be compounded in ahy desired proporti'on; Howéver,‘i;sually their
eompounding ratio is 1 to 99 parts by;w'eight of aromatic Qinyl group resin with respect
to99to 1 pérts by'wei ght of PPE group resin, Preferably; aro_matic vinyl group resin is
" used in a quantity within the renge from 20 to 80 parts 5y-weight»With respeét to 80'to |

20 parts by weight of PPE group resin.

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



the point of flanme retardance and heat resistance. These can be used singly
or two or nore than two types can be used jointly. In the present ‘
invention, a particularly preferred phosphate ester flarpd EtA¥dant is an
aromatic phosphate possessing aromatic radicals and. havin the structure
“bel ow [ For muw@ o0 11 Art -O-P-0 1 Art 0-Ar3 Ar4 J n \‘/’\ﬁggﬁ’?’ﬁ“’ﬁ is a

radi cal chosen fromthe radicals shown by the formul ae (AI) to (A4) . given
bel ow G WD 03/ 0045611 2 9 DEC 2005 PCT/ US02/21077 (A2) (M CH U3  Y--O
(A4) wher ei N1k $redéht IeRRI exafn@RY bf 1he pﬂ&phz@d’l&téﬂﬁﬂ@merd‘ihr&hcbbanona@mt to Ar4

I'S |ndependently

: : "(B). include phosphates such as mmethy] phosphate triethyl phosphate, tripropyl
' phosphate, tributyl phosphate, tnpenty) phosphate, trihexyl phosphate, trlcyclohexyl

phosphate, triphéhy] phosphate, &jcresyl phosphate, trixylenyl phosphate, dimpthyl ' ¢

ethyl phosphate, methyl dibuty] ph‘o.‘spha_t_e, ethyl dipropy] phosphate, h_ydroxyphényl |

dipheny] 'phosp'héte, etc. or the pompounds in. which these arevsubstituted by different
| substitution radicals. As regards the phosphate ester flame retardant that can be used ix_1
' the »;‘esin composition pf the present‘ invention, the pompo'uhd shown by the general
- formula giy'en below, particularly the one having (A1) to (Ad) as R, is ’preferreqfrom
“the point'of ﬂaxﬁe retardance and heat resistance. These cah be used singly or two or
more than two types can be used jointly. In the" present inv'eptioh, a particularly
, pfefe;wed phos'phate ester flame retardant is an aromatic phoéphate possessing aromatic

radicals and having the structure below

[Formula 2]
. I 1
, N;*‘*O—'li"”‘—Of'—R—-fO-l"-—-f'O'*ﬁd’s
. L '
| 9
Arg| Afg | n
wherein R is a radical chosen from the radicals shown by the formulae (A1) to (A4) .

. given below

— (A1)



- phenyl radical, toluyl radical, or xylyl radical. Al so, _.in.case of. n being
more than 2, Ar4 present in nultiple nunbers can be identical or
different. The phosphate ester flame retardant that is t@q s@mpgnent (B) of
the present invention is conmpounded in a quantity within the range from?2
to 30 parts Wpwwmigit with respect to 100 parts by wei gMEeW2BBE group
resin or PPE group resin in conbination with aromatic vinyl group resin:of
conponent (A), preferably in a quantity within the range from5 to 25 .
~parts by weight. If the conpounding antity of conponent (B) becones |ess
- than 2 parts by weight with respect tg—300 parts_by wei ght of conponent
(A), then the flanme retardancy of th osi {£ becones insufficient,

and, on the other hand, if it exceeds 30 parts by weight, then the heat -
re§1stance of the conposition is renarkably | onered. (3) Boron phosphate
~(conponent (C)) Boron phosphate that 'onponent C) of the present
invention is used as the drip preVeR agent of(ABhe resin conp05|t|0n
of the. present -invention. The drip 2 9 DEC 2005 WD 03/ 004560

PCT/ US02/ 21077 prevention reagent is the additive that controls dri ppi ng
at the tinme of conbustion, and .use_ of Hytetrafluoroethylene etc. is
known for this purpose. Boron pho _4;; q pnponent (© of the
present invention is conpounded in QH thin"the range from0.1 to
20 parts by weight with respect to 100 by wei ght of PPE group resin
or the conbination of PPE group resin and aromati ¢ vinyl . group resin of

conponent  ( A)AherBB%f@ErﬁQ erl florf | %Jﬂf';lﬁéwhe‘(’élﬁ Bich of RA 16 ANGSinkE (pQﬂath]ﬁ to 10

parts by wei ormpoundi ng quantity of conponent is less than

0.1 parts by he\‘@hgcmal Mbiti rhBSPELy119adl@0 ARAY ih SasB ¥t MEigthorothas DO NENt  (A),
then drip preventlon cannot be obtained, and, on the other-hand, if it

exceeds 20 pPaflct MnuiI@Rimberd R bé [ABAICA] or different.

The phosphate ester flame retaroant-thai 1s the componeot (E) of the preséot inVexition
is‘ compounded in a -quantity within the range from 2 to 30 parts by weight with respect
to 100 parts by wexght of PPE group resin or PPE group resin in combmatlon with
aromatic vmyl group resm of component (A), pr eferably in a quantity within the range
from 5 to 25 parts by weight. If the comp_oundmg quantity of component (B) becomes
]ess.than 2 pafts by weight with respect to ]‘OO parts by weight of component (A), ?hen
' ihe flame retardancy of the composition becomes insu‘ﬁiojént, and, on the other hand, if
it exceeds 30 parts by weight, then the peat 1'esistance of the composition is felnarkably

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




-strength is remarkably | owered. (4) Zinc borate hydrate (conmponent (D))
Zinc borate hydrate that is the conponent (D) of the present invention is
used as the .drip prevention reagent of the resin conpog fgopypf the

pr esent |nvent| on simlar to the conponent (C), nentiored above. Zinc
“borate hydr &Y@uxm#60 i s the conponent (D) of the present FCRYENRABA is
conpounded in a quantity within the range fromo0..1 to 10 parts by wei ght
- Wi th respect to 100 parts by weight of PPE group resin or aromatic. vi nyl

group resin Vg’ﬂ}og??ag% f ad%ﬂqgﬁgﬁdg}xtr(ﬁg ’c‘&}ip]gr% ehRhitfloY cdnfbuiclliant i ty within

t he range f Fo parts by wel conpoundi ng quantity of
conponent (92 g%éﬂl',&ééhm@ra@mhamosw u\efdsght with respect to 100.

parts by weig conponent (A), then drip prevention is-insufficient,
and, - on the ot her hand, if it exceeds 10 parts by weight, then the fl ame

retardance Qordnffosph&s kifat i€ QRRESEHANEM NCY EFristSrésent ireventivd itc@oipoundddin2 9 DEC 2005
WO 03/ 004560 (5) Thernoplastic el astomer (conponent (E)) PCT/U.S02/21077s

I n. addi ti on gumtitheiten mRaaeRtHn @) 1o 2D ) byerighowkidreatrome 100 pasivppl asti c -
el astomer is preferably conpounded as conponent (E) in order to inprove

the inpact sieighngt FPEgdup febiexi tic lcbrhlyin@don tofi BPE goiup rasinrgpd siomatiaviogl t he ,
present invention,, in a quantity within the range froml to 100 parts by
wei ght Wi t h gieap pesirt oftcompeienta@), tpsefévybl wizi ayfutntsy Witk t}garrmg@ fromdsito 16r the -
conbi-nati on of PPE group resin and the aromatic vin resin of _
conponent  (Ayrts txeigit d§the fortpvenditequans ity a%qomowna@csd@ﬁ 81@!?1%1 PE®Ybe used in

the resin conposition of
welghi with respect to 100 parts by wei ght of component (A), then dnp preventxon

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

strength is remarkably Jowered.
(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 simil_ar to the

~ component (C) mentioned above.

Zinc borate hydrate tﬁat is the compon’éni (D): of tvh'e present inyentidn is compounded
in a quantity within the fan ge from 0.1to 10 parts by wei ght with respect to 100 parts by
weight of PPE group resin 'of aromatic yinyl group resin and the same qf component
(A), preferably in a. quantity within tﬁe range from 0.5 toi IQ parts by weight. If the
compounding quantity of component (C) becomes less thaﬁ 0.1 pérts by weight witﬁ
réspect to 100 parts By weight of conlponenf (A), then drip prevention is insufficient, -
and, on the other h‘and, if it exceeds 10 parts by weight, then the flame retardancie of the

resin composition tends to be reduced.

10




~the present invention include styrene group thernoplastic elastoner,

pol yolefin group thernoplastic el astoner, polyester groug %Egrﬂﬁplastic
el astoner, etc., however, it is preferred to use hydroge atlsd WP ock .
copol ynmers of styrene and butadi ene or hydrogenated bl ock co olyners of
styrene and weophen@. Details regarding the hydrogenat edPSH EH@’broup B
bl ock copol yner are presented bel ow.- The hydrogenated styrene group bl ock
copol yner that i's preferably used as the conponent (E) of the present . .
i nventi-on-i-s;the mRtier - Tel drogenating the--block - copolyner
formed from &5%@166%%&git%ftg@{?a(k&%%\?ﬁéﬂgt | east 2 units of vinyl .aromatic
-conpound as its main constituent, and polynmer block B having at |least |
unit of conjugatissiodheap AWy th (D3 sehticheMtione, Ahenabplistieebstonkeis exanpl e,
it is the hydrogenation product of vinyl aromatic conmpound - conjugated
di ene conp té;n@kerablly%iﬁp&ma'@d WBRfp SRS ERHIofdpr tolifProvt teGmpacestresgitinds A - B -
A, B- A- -A (A-B4- .S,ABAB etc. 11 2 9 DEC 2005 WO
41311104560 R&HASQP e KO cdiipositioy 6f Mg readne thvbitioakinaopmettityreithiealnt ai ns vi nyl
aromatic conpound in a quantity wthin the range from.5 to 60 % by

wei ght, prefgraiftom | B B0G4abY Wyighivithirespédie 10apaes byf waght dOPREDEE % by

wei ght. Moreover, regarding the block structure, the polyner block A

havi ng vi nyl regi ofreiel @nibanapausliPRE giotys rasini and dienabinbticevityl repassrsef t he

copol yner bl ock structure of vinyl aromatic. conpound containing vinyl
aromat i ¢ compaopnaent POl yner bl ock or vinyl aromatic conpound in a quantity
exceedi ng 50 % by weight, preferably. nore than .70 % by wei ght, and
hydr ogenat ed_conj ugat ed di ene conpound. = Moreover, the polyner block B
havi ng hydr o@@ﬁ’@ieéﬁfﬂ’éﬁ]}%@ﬂ%%fc }agﬂée?é}?fbﬁ?we‘g’él thg gsin WQYPS]&’B?Ig%i t uent

possesses the copol ynmer, bl ock structure, of hydro enat ed colnﬁu at ed
,  the present invention include styrene group thermoplastic efastomer, 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 ﬁnydro‘g‘enated st.y'rene gﬁiup block copolymer are presented below.
The hydrogenated sfyrene group blhbgk'copolymer th‘at' is preferably uééd as the
component (E) of the present inven_tion is. the material obtained by hydrogenating the
‘block copo]ymer formed _from,the polymer block A having at ]eéét 2 units of 'viﬁy]
a¥omatic compouhd as its main constituent, and po]ymef 5]00]( B having at.l'éas; 1 unit
of conjugaiéd diene compdund, -as its main cons'titu‘entv‘.' For example, it --is‘ the
.+ hydrogenation product of vinyl aromatic cémpound — éonjugated di‘ene_ compound |
block coi)olymer pqssessing.the structure:such as A-B — A, B-A-B-A,(A-B)~

Si,A-B—A-B, etc.
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di ene conpound contai ni ng hydrogenated conjugated di ene conpound pol yner
bl ock or hydrogen added conjugated di ene conpound, in a quantity exceedi ng
50 % by weight, preferably nore than 70 % by wei ght, a_ndZQ/iUEWﬂUéronatic -
~conpound. Al so, in case of these polyner block A having ylLn matic,
conpound as YPL'M&*h constituent and pol ymer bl ock B ha%ll(%fr?\%goﬁ?g‘}r%genated
conj ugat ed di ene conpound as its main constituent, distribution of vinyl
aromati c conpound or hydrogenated conjugated diene conmpound in the :
nol ecul ar chaiinh@esaendtedigotincdpbigmeespris ivirg] golnytivecompbbmicik agamtiye r andom
tapered (material in which nononer situated in the nolecular chain has
 been i ncr easeithipthedaedaaetl)o 6Q%Htyivadighh lppefkrailp im3 quntiy vdégi thetingonbi nat i on
of these. Furthernore, in the case of nore than 2 units of the respective
pol ymer bl oconAl 0 toed0i% iy weigtyMompenBedasiingthpldodkdtracuretthe podimer bloglst i t uent
and pol'yner bl ock B having hydrogenated. conjugated di ene conpound as its
mai n const i t Admtingreinyi woreaicadooipeynd apats madf canstgugnd pyssessesthoedpslysan have ,
identical structure or different structure respectively. 12 2 9 DEC 2005
WO 03/ 004560018ETstrukiSe2 672 HdY17 ardmaticegrampdend hentaming lvinal eneneiic caorpepedind used to
prepare the hydrogenated copol ymer, one or two or nore than two types can
" be chosen f rmisnsr plosher viaylphematicrremhgrind dn ¢ geantity expsedipg 5P &b beweighty - |
tertiary butyl styrene, and anong these exanples, styrene is preferred.
Al so, as regariggblyheore thap (¢ & o™ dehdrad Byirpesinied ‘t&?‘éd Ei5Rs SPPIREUut
hydrogenati.on;that _conposes the hydrogenated. co at ed di ene. conpound,

one or two OMOKPYS ﬂ?“}P&W"Ie\i\B]"C]f9B%Vé“gé‘é(iif°§@‘af?ﬁ6%”é?1ga¥ryfjg. HPYIPERE S | soprene, |

-1, 3 - pentadiene, 2, 3 - dinethyl - 1 - butadiepe, ete, . .wt
~ butadi ene, 'iQHbF@ﬁBE“e%{ﬁ’BSSF’ﬁEﬁn‘_Ee %ﬁﬁ?’ﬁéﬁlf’%ﬁ%&?ﬁd’qb?‘gf’%ﬁ“?tg‘g‘.’om%?gover ) in
L case o the. P o 2 oS e A el 1 RRE TR R R LR

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

~ weight, preferably more than 70 % by weight, and vihyl'ar_.omatic compound.

~Also, in Casé of -these.polymer block A having yiny] arovmatic,conﬁpound.as' its main
constituent and pblymer block B having hydrq genated qonjﬁ gated diene cbrr.xpounda's.
o its main constituent, distribution of \)inyl’ aromatic. éompoﬁnd or hydrogﬁnated :
v conjugated diene compound in the mo)‘ecﬁlar ghaiﬁ occurring in the respective. polymer
~ block can be randbm, tapered (materja]. in which monomer situated in the-moleéular
‘ch'ain has been increaséd or decreased), partial block foffn, or a desired combiga_tion of .
these. Furth‘er.mor‘e,-in the case of mbré than 2 units of the respective polymer block A
having vinyl aromatic compound as its main constituent and polymer block B having
hydrogenatéd_ conjugated diene compounc‘]v ‘aé its main constituent mentioned above,‘
~each of the lpolyr'ner blocks can have identical structure or different structure

respectively.
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-carrying out hydrogenation as its nmin. constituent; +ts—m-€cro-structure
occurring in its block can be chosen as desired. For exa hﬁ% bﬂ“a‘
- pol ybut adi ene block, 1, 2 - micro structure is preferabﬁ&P il t he range
from20 to 50 % nore preferably within the range from /‘}592/24‘%7%' Al so,
- the.nunber - MRPUYE DI ecul ar wei ght of the hydrogenated styrene group bl ock
copol ynmer possessing the structure nentioned above that is supplied to the
present ‘invention is desired to be within the range from5,000 to-
1,000, 000, ppefegsrading vitiyt fbRattcBmpaing @sell t@prefds MODydrapefddl dfiflymerpre
preferably within the range from 30,000 to 500, 000. The nol ecul ar wei ght
‘di stributiongdeat tvid drivieré thivh)wotypesehrghitt cheses fragiatyrene) aidia - anethylstygérte, (Ma)  and
nunper - average nol ecul ar weight (M) is preferably less than 10. o
Fur't her nor e, vihjl€oloe ge-LieAtarysiutyl sty tefie anafantong thesednamys exastpenes$ welerrebpol yme
~can be straight chain, branched, radiated formor a conbination thereof.
Manuf act ur i nglset fegalds fhe tortjiiese dehowkpoopbeforensyiag entkypdegenitiontiae art. For.
exanpl e, in Japanese Patent Publication No. Sho 40 - 23798, [ithium
cat al yst, et compobes thistgdrogathted\cbmjygated dEpnatingpoondypoaerdwe ocoee tigated di ene
conpound bl ock copolyner is 13 2 9 DEC 2005 WO 03/ 004 560 PCTYJSI| 2/ 21077
synt hesi zed iypesaan baxkosen Somisitrdiena frdprmeex 1,3 -aesnipdigess S —tdimeetivtndif3ct uri ng
met hod of -hydrogenated material of this vinyl aromatic conpound - -
conj ugat ed dbwsiéeneortoourith bikdierie. isopetey #ed  theve edmekinatige deing ieferred- Japanese
Pat ent Publication Nos. Sho 42 - 8704 and Sho 43 -.6636 can be_used.
However , par Moeayar inycase plethppalvmgeblatkepvimegorved eheFRremPeYtisEEs zed usi ng
a.titani um group hydrogenation catalyst is preferred, as the.resulting
hydr ogen addexFyHRSEKhYIEIRERaHRR S LSRR ConstiBgntalty G STHAPE OPRFI8rT 88 such as

weat herability and _heat resistance. [For. exa .. the rogenat ed bl ock
copol yrer - of b]>o/ck can be chosen as des}re£ %or example, ])1’(1 arg%&y%u’ca&lene bqgc(iic, P,% — mIcro

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

range from 25 to 45 %.

Also, the number—ave;agé molecular weight of the_hydrqgenated styrene groﬁp block

- copolymer péssessing‘the structure mentioned above that is ,supplied to the pres‘ent-
invention is desired tlo be within the .r.an'g.e. from 5,000 to 1,000,000, prefefz;bly 'within

| the range from 10,000 to .800,00.0,' more preferably within the range from 30,000 to
500,000. Tﬁe molecular . weight distribu_tion ratio (Mw / Mn) éf weight aVe;age
‘molecular wei ghf (Mw) and nu1nber;a\}eragé mo]ecularvv;/ei ght (Mn) is preférabl_y less
than 10. Furthermore, the moj ecular structure of the hydrpgchated block c0polyme;- caﬁ

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

* | Manufacturing methods for these block copolymers are known in the art. For example,
inl apanese 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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~the present invention can be synthesized by carrying out hydrogenation in
an -inert solvent, in the presence of the titanium group hydrogenation
catal ysts as described in 'Japanese Patent Publication s DEGHISS 59 - :
133203 and Sho 60 - 79005. It is presently preferred that the ogenat ed
bl ock copol yH"A%3at | east 80 % of hydrogenation of t,%‘éh«g?"zgﬁ’g{i c doubl e
bond based on conjugated di ene conpound, so that the polyner block having
conj ugat ed di ene conpound has its nmain constituent can be structurally .
converted i nsmlasipal ipodneihem-solype, admes ad rqgaidy ther mblufackiringingtodtofere is no
particular restriction on the extent of hydrogenation of aromatic double
bonds fr om. hjreogensigd matemaaf ihis woipomais compernderconjugateddipnespmpady | ess

- than. 20 % The  quantity of wunhydrogenated aliphatic double bond contai ned
i n the hydr ofedatedlybienohkethasle plejoyibest inepanessiatenabBehlicatvaiNaseSwa®d +y

determ ned by infrared spectrophotonetry, nuclear negnetic resonance

spect r oscopy §708tand She 3 AdER¢ Fanpcxs wserh Vleweyes rrarticalady, thosydrogensed dlagkin t he
components (A) to (D) nentioned above, and further, other than the B
‘conmponent ( EFopobyarT ainshssiprd usiigeditariug group bydrpgeadippodithsioh Peferehes present
invention at the time of mXxij ng] the resi'n conposition or at th% time of

mol di ng r 14ty reulpghysigse Wded Bledowpdinperhibisraroiey FharadieisiGaghas the
mat erial characteristics of the cqmpositjon are not St . anpl es of such
addi tives i n®FaiefEabdyy ﬁ’éd(‘?eé?,es‘ﬂ%%%d’f F“%’P‘Ph Qﬁgy"r"é%ea?‘acgﬁ?&%%?}%‘g}“ﬁn&? s,
reinforcing fillers. l.ass f.iber. carbon fi.ber, isker), .fillers (carbon
bl ack, silicHe W?S?’ﬁﬂ?{fﬂ“%&fa&elfe Hiplbgsized ?’él"@:’y‘ﬁ%f"éti %"(‘?ﬁ?aﬁ)‘%ﬁgﬁ@ 86t assi um
titanate, W-Olsoll\?'e% X ?nnghte %fese%&:g fo? the ti%l‘%]t%' glrcl)uzpe_hryﬁfogeanra}&(Ijnoc):(zaltal(il)?‘slf!stass 'described in

'V‘Japanese‘ Patent Publication Nos. Sho 59 - 133203 and Sho 60 - 79005.

Ivtiis presently _preferred that the hydrdgégated block‘ copblymerhas at least 80 % of
',hydfogenatiqn of the aliphatic double bond based on conjﬁgated diene compound, so

that the péiyiner block havin-g conjugated dienlel céh_’xpound has its main oonétituent can

. be structurallyicohverted into a po]yol_eﬁn-_t};pg compourﬁ pblymer vblock. Also, there
' 1s no particular restriction on the éxtent of hydrogenation of ar'omatvickd'o'ublc bonds .
" from the vi'n'yl arométjc compound,-however, it is preferably less than 2_0‘%. The

vq‘uantity of unhydrbgenated aliphatic double Bond contained in the hydrogenated block

copo}ymer mentioned above can be easily determined by infrared spectrophotometry,

nuclear magnetic resonance spectroscopy, etc.
(6) Additives

Conventional édd_itives 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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weat herability agents, uftraviblet.light'absorbers, phOtostabiIization

reagents, lubricants, nold releasing agents (nold |ubricants), nucleating
agents, plasticizers (oil, |ow nolecular weight polyethy}®fel 78poxi dated
soybean oi'l, polyethylene glycol, fatty acid. ester, etc.), nelt flow,

nodul ators, eotisdsadol ¢ reagents, conpatibilizers (di car BEXYS¥I0HCi ds such
as mal ei c anhydride, citric.acid, etc. as well as their anhydrides, etc.),
fungi cide, etc. Photostabilization reagents and ultraviolet Iight

absor ber s SU(:h]oxe)gr as]t{'}iae 1115%1?3%1%@%&9 tis of tgg%%@&l@on%%@)}b@ldﬁxangfegéf)suw i azol és

benzophenone§ oun are effective for.inparting

‘and i nproving ?A"PveE hel u%? ch:]ie){]cs ésgxffsnﬂ'&lleeﬁtakdagt SHERES, reiFhin@AlldrfIOr gani c

conmpounds i nc ani ¢ conpounds such as netal salts of .

arofmti-c car ?@%&X Ifb& afid ?Sﬁbexs Whgkérf)liﬁ]‘axw&‘rmsoiacﬁrsﬂﬁ_ﬁ QiTRkS 0BG SREOT i C aci d

metal salts, ate effective for inmparting and inproving rigidity and

~anti - damage tal& Qﬂl%%ﬁﬁbrﬁé FStassiuftitdaie h Az btbiileldic. Y EeiktiR£rspdntib £84nts,
conposition as well as nol ded material There is no particular restriction

on the net hocjveﬁthé}ﬁbﬂ’i@y aP@tslSReati6lEt tHpRt NGt Hlicostbilizitivn reagénts,
conposi tion of the present invention, and it can be manufactured using all

the Cormonembﬁcéﬁaspﬁabrar}aeasaulgag@tmmm [fifrRemst nuerktgdgentdiplasiczers (sikl t i xi ng
met hods are particularly preferred. A solvent can al so be added in.a small

quantity at tdemblet@ar@feighCpolyeylge opbxidapddisoieandl, polyethyeore\gbicol, fsmer al | y it
is not required. Exanples of melt 15 2 9 DEC 2005 WD 03/ 004560 PCT

/' US02/ 21077 _alibeadérn et VineRs flowc nwtdelasisn gingistsiixr evagents,r wompatibilizews n- scr ew
extruders, Banbury mixers, roll mxers, kneaders, Brabender plasto-graph,
etc. However (dlémuob;ylkcmﬂidsm asmslmngn}a/dnda qm@cxéwtoea@twthdethelrsnlwﬂ@deﬁmst :
preferred. There is no particular restrlctlon over

: etc.), fungicide, etc.

/

Photostabilization reageﬁts andAultra_V_idlet light absorbers ‘such as hindered phenoié,
be;lzoate compounds, benzo- triazoles, benzophenones, or formamidine compounds,
efc., are effective for _impaﬁing and impr'oying weatherability. Also, ﬁugleatiﬁg agents
b_such as inorganic combounds including talc, 6r organic compounds such as metgl' salts
of aromatic carboxylic acids, sbrbité]_édrhpounds, or aromatic phosphoric acid,me_tal
salts, etc. are effective for imparting and improving rigidity and anti -damagé

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

There is no particular restriction on the m ethb_d that'may .be used for the mamifacture of |
the resin composition of the present invention, and it can be m_anufactdred 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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the nelt kneadi ng tenperature, however, usually it is within the range from
150 Cto 0 350 C. The resin conposition of the present invention thus .
obtained is used and it is covered on a conductor such a8 ﬁﬁﬁﬁr wire etc.
after which wire cable is nolded by extrusion. The flane r % rdant resin

~ conpositionWEEYHH wire cable 'covering material of thACTﬁ @@gﬁ? i nvention
has been. expl ained below in further detail with the hel p of practical

exanpl es.” However, the present invention is not restricted only to.these
practical  exanRkeRvicEXARUESinkle2rewCeNRARTIWE sEANRLESrY, BdNbr  The

foll owi ng conpounds were used in the practical exanples. Conponent (A): PPE
group resi nnfidrs, 301 mixe| ¥nebders, Brabestenplafiy-eraph, letc. AHowqyie melt énendiat her )

havi ng. an intrinsic viscosity (chloroform 30 C) of 0.12 dl/g (trademark,,SA
120, N pponsifia Rlimsidve sxtifddrusthe kiosti§efesiled ) ThefeREnogradisplar esirictiog Ave2) : Poly ( 2,
6 - di nmethyl - 1, 4 --phenylene ether) having intrinsic viscosity :
(chl or of or mthe3fklt@neatingXedBeratbreghqviavariesvaikit RROUGH e radgp from ISBECRPastics v
Kabushi ki Kaisha), Aromatic vinyl group resin: H gh inpact polystyrene
(HPS) (tradéhérk Topolex 876-HF, Mtsui. Kagaku Kabushi ki Kaisha) 1.6 2 9
DEC 2005 WO 03/ 00460 PCT/ US02/ 21077 Conponent (B): Phosphate ester flane

retardant (B-1) TPP: Triphenyl phosphate  (Dai hatsu Kag%ku Kabughik
Kai sha), . Theresin composition of the present invention thus obtained 1s used and 1t 1s covere ’

: on a conductor such as copper wire etc. after which wire cable is molded by extrusion.

. The flame retardant resin composition used in wire cablé 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 1AND?2 ,
" The following compounds were used in the practical examples.

Component '(A): PPE groxlp tesin (A-1): Poly (2, 6 — dimethyl — 1,4- pheny]eﬁe 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 fnethyi -1, 4- phenylene ether) having intrinsic
viscosity (chloroform, 30°C) of 0.46 dl/g (trademark PPO 646, Nippon GE Plastics
Kabushiki Kaisha), - | _ L
Aromatic vinyl gfdup resin: High impact polystyrene (HIPS) (trademark Topolex

876-HF, Mitsui Kagaku Kabushiki Kaisha)
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- Phosphate ester flane retardant (B-2): Conpeund shows by the formula (i)
given below, here, nmixture of r =1 to 10 (tradenmark Czﬂﬁgéy Uﬁ)ﬁi'hatsu
Kagaku Kabushi ki Kaisha), [Formula 3] O Hal ogenated. Poly ? e: -

Br om nat ed ol ystyrene (trademark PYRO - CHEKG68PBC, Al b no

" Kabushi ki Kaﬁé’Hé’)"f*’(@orrponent (O : Boron phosphate (Yonehg(?ra;ﬁ%gg/é@zﬁ Kogyo
Kabushi ki Kai sha), Conponent (D): Zinc boron hydrate (Mtsuyo Kasei .
Kabushi ki Kai sha), Tetrafluoroethylene: (trademark FRI 04M - B, SHANGHAI
3F Kabushi ki cKkabsg) (1B9: PRAREN EstdrBlame T REFCBO (R SY TEP: elramitmyphosphdRol yst yr ene
- poly (ethylene - butylene polystyrene (SEBS) (trademark Kraton—Gl650,
Shel I Chem cabajttabwapidik BaihaiRhishd) | conponents were nmelt kneaded in the
proportions given in table 1 (parts by weight) to formpellets using.a 30
nun-tw' n-screw-extruder with a kneadi ng tenperature of 17 2 9 DEC 2005 WO
03/ 004560 PCPhdspR &1ed Flame 28@rdantaie2)a Compawd rsbavat by therfatmeula (i) 281 r pm  These
pel4ets were used and test plates were prepared by injection.nplding at a
t enper at ure bélow6@GONAMe af Netldb |10 ¢radeierk (GRTPET, taiheisu 84“8%‘9 Kabushist pl at es
were eval uated and the results are presented in table 1, below In ' -~
conparative Erghgdl e 1, boron phosphate and zinc borate hydrate were not
used. In conparative exanple 2, hal ogenated polystyrene was used instead
of phosphate ester _flanme retardant conponent (B), and tetrafluoroethylene
was used i nstkoagua?l por on o | o

o ..
O
o—P
I

o
O

(i

Halogenated pol ystyréne: Brominated polystyrene (trademark PYRO — CHEKGSPB'C,

Albemarle Asano Kabushiki Kaisha), ..~

Component (C): Boron phosphate (Yone};ama Kagaku Kogyo Kabgshiki Kaisha),”
'Component tD); Zinc bofén ﬁydrate:(Mitéuyo Kasei.K-abushiki Kaisha),
Tetxiaﬂu01'oéthylene: (tradcm.ark' FR104M -B, SHANGHA:I 3F Kabushiki Ka%sh_a),

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

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

All components were melt kneaded in the proporlioris givenin tab]_e 1 (parts by weight)

to form pellets using a 30 mm twin-screw extruder with a kneading temperature of
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.- phosphate and zi nc borate hydrate. Measurenent nethods used for '
characteristic evaluation have been presented bel ow. . The@]ﬁg ﬂ]ﬁ%or-mati on
tenperature (heat distortion tenperature; HDT) was measur rs er ASTM-
D648 using a test plate having thickness of 1/4 inch at a Iogd of 18.6
kgl cmR. Mel t WO Hdex (MFI) was measured as per. ASTM DYSEB™4¢1%950 C and
at the load of 10 kg/cnR. Conbustion test: VB (vertical burning). was
carried out as per conmbustion test indicated in Bleten 94 "Conbustion

test for mat i’ @hndd seetirblab@irk 6} 280fprh Theddpeis Wit iised anditesbpintad vodry
| ncorporated (known as the UL-94 test) using 5 units of test plates (test

ptates havi ngapartdibg kilRston0MmobiipOatl nabngelatfe 1) 260°d fnd hememltiermad had a

. conbustion tinme wthin 10 seconds and the ignited cotton did not drip, i}
was eval uat egniperatusedfiso aTesoplytes wena evediated add the festltserd pyesertedin edietlon dr i pped,

it was evaluated as "Presence of drip" in Table 1. lzod inpact strength .

(1Z0OD): Thebeilmmsurenents were carried out as per ASTM D256 at 239C using

a notched test plate having thickness of 1 /8 inch. 18 2 9 DEC. 2005 4 WO

03/ 001560 PCT/ US02/ 21077 Tensile strength (TS): Measurenent was carried out

as per ASTM be@spamiyisispmple|lobrjer Phosphetrend Zinpberele BYSHE WREELOESES 1Rd out as

- per ASTM D638. Degree of environnental |oad: At the tinme of the conbustion
test, the nafERRaEAtvaGtamPiGd HRlRgeAlSH RPITtyreterEas Bsedainstepd ol @ROSPRAL IGH i nfl uence

on the envirgnment or the human - :
~* " flame retardant component (B), and tetrafluoroethylene was used instead of boron

'phos'phate and zinc borate hydrate.
.‘Measurement methods used for characteristic evaluation have been presented below, .

~ Thermal deformation temperature (heaf distortion temperature; HDT) was measured as

per ASTM D648 using a test plate having thickness of 1/4 inch at a load of 1 8.6 kg/cm®.

Melt flow index (MFI) was measured as per,AST'M D1238 ét 250°C and at the load of B

10 kg/em?®.

' .Combustiox-l | vtest_: VB (vertical burning) was gam'ed out as per combustion test
indicated in Bleten 94 %‘.Cc)mbustion téét’ for material cl‘avssiﬁcatior'l” of the Under Writer
-Lébéfatory Incorporated (knowﬁ és 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 timé
within 10 seconds and the i gnited cotton did not drip, it was_eva]ugt_ed as “satisfactory”
in Table 1; if the igni‘tved cotton dripped, it was 'éva]uated as “Presence of drip” in Table

1.

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

at 23°C using a notched test plat_é hav.in-g thickness of 1/8 inch.
' e | 18



- body was judged as "o0", and the naterial'forning harnfui szstance; t hat
exerts bad influence on the environnent or the human, body ‘was judged as
"X'. [Table I) PractlcalPractlcalPractlcalCowparaCbnparﬁﬁlEﬁ%ﬁ Ieexanple

~ 2exanpl etiveve 13exanpl eexanple 2 1 CanoPPE (A-1)55 nent é@é
( A- 2) 555555 WBB03BM4FSENe gr oupd5. 45454545 resin (H PS). COtp ﬁ’”é 1) 151515
nent (B) CR733S (B-2)15 Hal ogenat ed10 pol ystyrene CbnpoBoronlll . nent '

(C) phosphat e- ConpoZi nc borat e0. 50. 50. 5 nent hydrate (D) Tétrafluoroethylo 1

| ene OOWOSEB%%%@&engtb (TS) Measur ement was camcd out as per ASTM D638
N Ténsi]e elongation (TE): Measurement was carried out as pérASTM D638.

Degree of environmental Joad: At the time of the combustion test, the material not
fonning harmful substance that exerts bad influence on the environment or the h\imah
bddy was judged as *0”, 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
Compo | PPE (A-1) 55
nent . ' . :
(A) [PPE(A2) 55 55 |55 [S5 -
Styrene  group | 45 145 0 {45 45 |45
resin (HIPS) ' :
Compo | TPP (B-1) 15 |15 ‘ 15
nent (B) |__ ' ’
CR733S (B-2) Sl 15
Halogenated | - S |10
| polystyrene ' :
Compo | Boron 1 | S 1
nent (C) | phosphate
[ Compo |Zinc = borate 05 0.5 10.5-
nent | hydrate '
- ® |
. ' Tetrafluoroethyl 0.1
' ene ‘
2 Compo | SEBS 5 5 5 5 5
nent (E) '
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nent. (E) 19 2 9 DEC 2005 WO 03/ 004560 PCT/ US02/ 21077

(C) 80909590120 i 0

n i ndexIvFl

Eval

uat HDT

(g/] 0251610188 mi nutes) Conbusti on

t est Sati sfactoSati sfact or Sati sfact PresenceSati sfactor ryydr§dfiith i py

The invention provides a flame retardant resin composition that has. excellent flame

retardance using non-halogenatéd compounds, especially in the absence of explosion at

.the time of combustion or dnppmg of the resin The composxtxon further prowdes

' sansfactmy me]t behavxor and exce]lent processab:hty, heat res:stance 1mpact strength,

and ﬂex:bxhty. .It is extremely useful as a wire and cable covering material.

20

IZCD1823202228§% cmcn) TS (kg/ cm 2400470500510580 T
" (kg/ cm) 3050"™% @%6 Degree of 00ooX environnent al Ioad§$ﬂnmwﬁygﬁtlon
provides a flanme retardant resin conposition that has excellent flame
retardance using—pon-halogenated conpaunds—espeet +f absence of
expl osi on aﬂh@WHe FPW&CBf contilist i on @? drlpﬁ?ﬁg of %%e resF@,The
conposi ti on Pr t hee— provi sat+stactory—meti—beh apg—excet] ent
- processabi | [ii]4¢* he r sﬁgpgrgé a?% strehg h, [and er<|biIity_ It is
extremely useful & re and cable covering materjial. 20| P 9 DEC
2005 Combustion test | Satisfacto | Satisfactor | Satisfact | Presence | Satisfactor ‘
- ry y ory . of drip y .
120D 18 23 20 22 28
(kg.cm/em) . ' ’
TS (kg/cm*’) 400 470 500 . 510 580
TE (kg/cm®) 30 50 45 38 60"
Degree ~of | o vo' 0 0 X
environmental
| load '




CLAIMS: 1. A thernoplastic conposition, conprising: 100 parts by wei ght of
a resin conponent conprising a polyphenylene ether group resin, or a

pol yphenyl ene ether group resin in conmbination with an aromatic vinyl
group resin; 2 to 30 parts by weight of a phosphate ester flanme retardant;
0.1 to 20 parts by wei ght of boron phosphate; 0.1 to 10 parts by wei ght of
zinc borate hydrate; and 1 to 100 parts by weight of a thernoplastic

el astonmer selected fromthe group consisting of polyolzimgtgm?up
t her nopl astic el astonmer and pol yester group therno- plastic astoner. 2.
The therngphpgki ¢ conposition of Gaim1l, wherein the polyphenyl ene ether
group resin 1s a poly(2,6-dinethyl-1,4-phenyl ene ether) having an
intrinsic viscosity of 0.08 to 0.60 nmeasured at 30C in chloroform 3. The
t hernopl asti¢c conmposition of ClaimJl, wherein the pol yphenyl ene ether group
resin is a4 BnoRlestic Comppsiipmompsiswet r i met hyl - 1, 4- phenyl ene et her units.
4. The thernoplastic conposition of aim1l, wherein the aromatic vinyl
group resin is a honmopol ymer or copol ynmer of styrene, al pha-nethyl

styrene, HiOppeatsrnt wyighpef awédiy Icompynmeon@ﬁhmg%pmyﬁtMyleﬁé cthepgRBipyr ene. 5.
The thernopl astic conposition of Claim1, wherein the aromatic vinyl group
resin i FeHthPHA-PORPRERYIERA Glhes, gronp TesiAPR icombination vd thogwateyatisi iml
polystyr§%§$pﬁgml to 30% by weight of a diene rubber. 21 2 9 DEC 2005 6
The thernopl'asti ¢ conposition of Claim1, wherein the resin conponent
conpri ses

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

1 to 100 parts by weight of a thermoplastic elastomer selected from the group
consisting of polyolefin group thermoplastic elastomer and polyester group thermo-

plastic elastomer.

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

to 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.

21




1 to 99 parts by weight of the pol yphenyl ene ether group resin and 99 to 1
parts by weight of the aromatic vinyl group resin. 7. The thernoplastic
conposition of Claiml, wherein the phosphate ester flame retardant is an
aromati ¢ phosphate ester. 8. A thernoplastic conposition, conprising: 100
parts by weight of a resin conponent conprising 20 to 80 Bg%ﬁ n wei ght a
pol yphenyl ene ether group resin and 80 to 20 parts by wei % of "an aromatic
vinyl group resin; 5 to 25 parts by weight of an aromatic phosphate ester
flame retardant; 0.5 to 10 parts by wei ght of boron phosphate; 0.5 to 10

parts by gweing i?1':1er{-i’lfoplzalkt'ilf’c Ritfon ngl{n?’l Fheih tBQre%Q)OCOH@rohént%?l\ﬁﬁ% ht of a

t hernopl astic el astoner ecte om the group consisting o yol efin
group ther tof pats by eleéght ofide poigplralyleas tettier graipresih had 9Opb dsparts byl ast oner .

9. An article risin onposition of claim8. 22
wgight o% t}rlsreparoma’uég meFgroug?es?n

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

retardant is an aromatic phosphate ester.

8. A thermoplastic composition, comprising:

100 parts by weight of a resin component comprising 20 to 80 parts by weight a
polyphenylene ether group resin and 80 to 20 parts by weight of an aromatic vinyl
group resin;

5 to 25 parts by weight of an aromatic phosphate ester flame retardant;

0.5 to 10 parts by weight of boron phosphate;

0.5 to 10 parts by weight of zinc borate hydrate; and

1 to 100 parts by weight of a thermoplastic elastomer selected from the group
consisting of polyolefin group thermoplastic elastomer and polyester group

thermoplastic elastomer.

9. An article comprising the composition of claim 8.
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