V! HSURe3e @231 7v7?6?T @4 TI TLE OF THE | NVENTI ON Pol yphenyl ene et her
conposition 5 BACKGROUND OF THE | NVENTION Field of the Invention The
present invention relates to a pol yphenyl ene et her conposition

only has excellent flame retardancy and excell ent inpact resi stlmm IMW ”m[”m
also is 10 friendly to the environnent. Mre particularly, the p

invention is concerned with a polyphenyl ene ether conposition conpr F%g
100 parts by weight of (A) a pol yphenyl ene ether resin or a co ation of
a pol yphenyl ene ether resin andTdT n NY-ENT 40 15 par mm mmmwum
of (B) a flame retardant which is comprised mainly of at Ieast

sel ected fromthe group consisting of two specific types of condenssgoooz
phosphoric esters; 0.3 to 10 arts ght of (C) a_hydrogenated bl ock
copol yner which is defined B8 zph?nzée@¢ogéha¥u6ﬂm99§abé9nof a bl ock

copol ymer conprising a polynerized styrene bl ock and a pol ynerized

conj ugat ed di ene bl ock, wherein at |east one polynerized styrene bl ock has
a nunber _average nol ecul ar meight of 15,000 or more: and 0.3 to 10 parts by
wei ght of (D) a pon 25 olefi UN Ey fRV ratio of the

conponent &O onent (D) is from70/30 to 15/85. The

polyphenylene e EBELP%e present invention is friendly to the
envi ronment because h | ene, et her £o0pos tion_contains, neither a
hal ogen 5 conpound n%r a ¥$ ﬁn%y %%ﬁ%ound Qg #3n% ?%?%?%%%¥le%fso t he

pol yphenyl ene oL gL CONRESL L o8 GhELAageo0h Isahateskal pice, PRGN Co

characteristics ri'c properties are rnheren possessed by

a pol yphenyl ene_ E%QE&aﬁS tQnngﬁégfienEh§m§85¥pPSQ¥L€Qﬁcéo g&@eél o is

conposition of the prese Inventron, In e I'n Jection nol |ng t ereof

exhi bi t ggexcel | epiofBLY £6! eﬂéeeﬁvﬂeﬁﬁ@sﬁtst | S dy free

fromgeneration of a gas and from ad I on of thqualane retardant to the

mol d, so that tBEeBEhQ'ﬂﬂvéﬂﬁi@nti§Ecgﬁcé§néﬁewﬂ@hyahﬁai%ﬁﬁén§léﬁé
conposition can be shortened. Furthernore, the pol yphenyl ene ether

conposi tion al satR¥hi Bbihposxeebhesbmphesingt 1 e6i phabsepandeeyrel bent
i npact resistance. 20 Prior Art Conventionally, as a nethod for inparting

fl ame retardancyA)oaapblagpnabiytesgneébiétrcresshnoraanmebhbiinbasohees anpl oyed
in which a hal ogen conpound or a conbination of a hal ogen conpound and
antinony trioxi gelyphébyadoedetbea fésimabhé ayatheene resin;td bbtadn a
flame 153 parts by weight of (B) a flame retardant which is com-
prised mainly of at least one member selected from the
group consisting of two specific types of condensed
phosphoric esters; 0.3 to 10 parts by weight of (C) a
hydrogenated block copolymer which is defined as a hy-

20 drogenation product of a block copolymer comprising a
polymerized styrene block and a polymerized conjugated
diene block, wherein at least one polymerized styrene
block has a number average molecular weight of 15,000

or more; and 0.3 to 10 parts by weight of (D) a poly-

25 olefin resin, wherein the weight ratio of the component



retardant resin. However, this nmethod is disadvantagenus fromthe vi ewpoi nt
of environnmental hygi ene since, when the flame retardant resin is burned, a
poi sonous gas is generated. Therefore, it has been desired to 5 i nprove the
above-nentioned nethod for inparting flame retardancy to a flamuabl e
synthetic resin. Wth respect to each of a,polyphenylene ether resin and a
m xed resin conprising a pol yphenyl ene ether resin and a styrene resin
(hereinafter, this 10 m xed resin is frequently referred to as a

"PPE/ styrene rein"dq theampnmmentand) déh 700 i3k de ot IARS r edPE by

i ncorporating thereinto an organi c phosphoric ester instead of, a hal ogen

conpound and arpéiuphenylieng dethem HANRAS HFL e gfhi o RIGHIT LB s
include a nono 15 phosphoric_ester, such as triphenyl phosphate re

syl di phenyl photitmtis ofriendkesie e gharon taa/%foéﬁbse%sﬂbe p‘?ﬂ)]g}bhori c
ester which is produced using as a raw nmateri al a.%oh%P dric H? 0
(especial |y a dphsgmilengreihsr cQmprsiktierfFWidingm ol 5%59?? is
gen 20 erally said that the above-nentioned or @hic h f%ﬁgric esters do
not advebsely afPERURGAFM\AR FMEHIANY WWE sa%oip’g ot Hel 3. of
t he hal ogen conpounds. It is also said that a resin. c osition_ c i ni ng
a condensed phggbﬁ%ri’ﬁh%s?%y?%e‘b%]r?ré‘? ¢ ‘?\rac‘?'%%?%l?g??zge%%:'éﬁi%ﬁég

cont ai ni ng a nonophosphorjc ester i,n that.t i D i ki -
containing a coﬁﬁgﬂsﬁ Sbﬂ%@%ﬂ%ri%e%%?%$?a}rgﬁéﬁﬁéEégi%?%ﬁgg%ﬁgi%%Q?%%reof,
has excel |l ent hgat resi Ny i tjon of a
gas and fron1adﬁﬁé?oﬁg%ﬁéfﬁggé?gﬁ%éﬁeégé3%%%5%%%{£§?%§%§§§§ﬁ2$2?nbto t he
nol d, so that t i i e f or L N @Gmesig EXEHal nin
a condensed phOE§%§P$§ng%%%§véﬁgagvgggg?heFgggggﬁkentionedxﬁgg?h )
conposi §jon CO”EﬁhQL”QoﬂgSQBQEQﬁegfp@ﬂépBPééénﬁsiﬁﬁeﬁﬁﬁoﬂiSﬂﬂV@HelﬂnLages-
g

For exanpl e, although t resin conposition containing a condensed

phosphori ¢ eSteﬁe@?§oh”ﬁ69&§ﬂgpﬁﬁaﬁééf?Sekﬁiﬁieg tacslibhpemslasueh as
tensile strength, flexural strength and flexural nodulus, as conpared to
those of the resbRseORRAshttLOPisONESI AhAJia dbbsvanphasphpofireeestem, the
resin conposition containing a condensed phosphoric ester does not retain a
good inpact resiyshapaeivhi 68 hsghshenanfrympadsessed by the Bdhppheeyl ene
resin, so that the resin conposition is |likely to suffer cracking. Further,
with respect tota@dshe itoptheemoitl,obof that tbeamdidipg gycémdé&amedofhos
phoric estex is |less effective than a nonophosphoric ester. Therefore, it

i s necessary totheepalyphdemdedephtbphocp®pesisionncan| Aegeharsenedas
conpared to the case of a nonophosphoric ester. However, when the 25 resin
conposi ti on confFairtbeamozege thropatyeheavdene ethgensenrpRdSHRGr BdS8st er,
the inpact resistance of the resin conposition becones further Iow%red.
Therefore, it i exhibidsapycedlendy ehemineli FESLE tRBSesPRACEXGEIERE Y esin
conposition fromlowering. For this purpose, for 5 exanple, a |arge anount
of an el ast oner i®aCkc5EFdFEPEECi'nt o the resin conposition. As an el ast omer
used for inproving the inpact resistance of a PPE/styrene resin, a

hydr ogenat ed bl ock copol ymer havi ng excell ent heat stability is generally
used. However, Epn sa%&%facto 10 rily inproving the inpact resistance of

t he PPEFglyrene St s necessary to use the hydrogenated bl ock

copol yrer n-a | ar ¢ ANQUALs HAWALET ool BE 3Bl £8:] AL AT 1ainel he

hydr ogenat ed bl ock Copol'ymer 1S sadvant ageous not only in that the flane

retardancy 15 ofre c}tﬁg@l@gsttg %ﬁn%lraeﬁam,_lies g_yql\@{eecqjc Hds13] SQ ietHyd Hdwe use
ocC

of the hydrogenate copol ynmer which i's expensive i s uneconom cal. As

a conventional RRINOG{AGYdE LR WwHIBY QViH ddes | ur e Y15 tad nintiifn et
PPE/ styrene resin conpasition 20 (i.e., conposition conprising not only a

pol yphenyl ene  tijon of a halogen compound and antimony trioxide is

25 added to a flammable synthetic resin to obtain a flame



ether resin and a styrene resin, but also another conponent, such as a
condensed phosphoric ester), there can be nmentioned nethods using a

hydr ogenat ed bl ock copol ynmer in conbination with a polyolefin resin, which
25 are disclosed, for exanple, in U S. Patent Nos. 6 4,145,377, 4,166, 055
and 4, 383, 082, Unexam ned Japanese Patent plication Laid-Open

Speci fication No. Sho 5651356, Unexam ned Japanese Patent Application
Lai d- Open Specification No. Sho 62-17956Z, Unexani ned Japanese 5 Patent
Appl i cation Lairktpstapesisicat HoweNer , Hshiz megbed f60ALE8FYARTRG to EP O
719 832), Unexam ned Japanese Patent Application Laid-Qpen Specification
No. Hei 4-7357 demus espondibey tiewpE.n tpafe mnwWeonnerd@ 15 4591 a3 Sih Fed
Japanese Patent Application Laid-Open Speci 10 fication No. Hei 4-279697
(cor respondi ng when. ihe Fkang 1etamiags et Gy WHSet fedP ¥ Pat ent
Appl i cation Laid-Open Specification No. Hei 6-19256]1. However e
conventional tezaitgegerpratesed TheTEAOTEL o ENBAE: %ﬁ&? \gz%rsé‘rﬁedég@unent s
are not concerned with a 15 flanme retardant resi onposition co i ning a
con densBd phosbhRF¢¥e e%ﬂ%ra%v%‘meqfa?@?%t’%ﬁﬁé‘?#,fc‘ﬁafml’?%lfth% %i‘%%ese
conventional techniques is not intendg@ﬁmﬁth re;Pect tp the resin

conposi ti ons haW®hareanee tRtriiilePhhef B ey ¢ He Db ect s of the

i nventions 20 of the_above-nenti oned tent doc i nt from
that of the present W%%n’f‘??ﬁﬁc*énﬁot%%%r%%n?&%%‘yﬁ%%@%n%%@%ﬁbl ock
copol yner and a polyol efin resi ed i . e: i nt
dogungnts are Iﬁgﬁé a?"%o f}é%gt%g?h%s(goﬁélghgﬁ t%enﬁg% glgﬁlgy?%%gnti on. 25

General 1y, the mpre the, ATOURL S, O 5. LYdlr PGENA! pro bl pike tox gRRSI yrer and

a polyolefinre nore 1rnproved the inpact resistance of the resin
ConpOSIﬁbon: buf ; £08 gggfnl?%eff%%ﬁgﬁti&afgféﬁfé&d@BCHS05 thery88Rene
e | npac

conposi tron. For 1 nprovi ng resistance of a flanme 5 retardant
resin conpositigps¢ntai Bhpgeareendanseyd BAASHBOLhFaLEear tasthef kastkn
retardant (wherern thé resin conposition has poor inpact resistance),
Unexanf i ned Japﬁ?eiﬁc8§5695t£ﬁ§|Eﬁéké@ﬁtbahd-GbganSaephbbpabrma BgtelHe

09- 151315 attenpis to incorporate a 10 grafted copolyner into the resin
conposi tion, whengikBatihergaahhedgeapebypeunisanit anhédoby grabwidg.a hybrid
rubber onto a pol yorganosil oxane as a base polyner. Tn this case, the

i mpact resi st anggafplieBeofesirgantnpphbspbordanebterspioedddsi BhEGNO-oweri ng
the flame retar 15 dancy of the resin conposition. However, the grafted
copol yman used bhosiphpirdei egtelne soghcasr sgiiphanyd shosREatési §T€onpositi on
i s expensive and, hence, the use of such a grafted copolyner is
econoni cal | y di sgdvdphagyiuphoz@hatPPBLs tyieresydsPhosPRsdsit @9 Gont ai ni ng
a phos phoric ester having high acid value is susceptihle to ahsorptiaon of

wat er and hydr olopsidensed phesRROEdcy sisdest WhiePppE Prpduced Jgipg as a
conposition, the dielectric properties (i.e. qizl%FEJLC %pn%}%ﬂﬁa%ﬂqc
di el ectric 25I§§¥Wﬁta)16fppﬂé(hﬁﬁélig‘[ &Y &SR Corfpogi 3 on dre
phenol, such as resorcinol or bisphenol A). It is gen-
20 erally said that the above-mentioned organic phosphoric
esters do not adversely affect the environmental hy-
giene as compared to the case of the halogen compounds.
It is also said that a resin composition containing a
condensed phosphoric ester is better than a resin com-

25 position containing a monophosphoric ester in that the



8 lowered. The mol ding of a PPE/styrene resin conposition (especially a
flame retardant PPE/styrene resin conposition containing a flanme retardant)
is frequently cons ducted by injection nolding. In this case, there is a
problemin that a shaped article obtained by the injection nolding exhibits
poor releasability fromthe nold. It has bgen desired to i nprove the
rel easability of the shaped article fromthe nold in the injection nolding.
10 SUMVARY OF THE INVENTION In this situation, the present inventors have
made ext ensi ve wewlin ntemmisid isudictadining aicmdaigad RRAAARAFHY a
techni que for solving the above-nentioned 15 probl ens acconpa |q9 t he
prior art. As eeswesml tin jthednigrsdsut maldinbdharanfo that Et’hée/e en
above- nenti oned problens can be solved by incorporating a s eC|f|c
hydr ogenat ed bllekt copolstatcannd Spes 4%’-‘&%@0@@? II:%I REFRLEPci fi ¢
ratio to a flanme retardant resin 20 conprisin hen e ether resin
and a condensed®Hhosprorand cEren adhesPd P ht f lrﬂfﬁ/‘ggre Eh’é %‘F%s%?ﬁ_
i nvention has been conpl eted. Accordi ng] it |s an_object of the present
i nventi of to pre¥ired atReEedkn req athedto Jp%i %n‘éhee‘%?lejrsz% ﬁ’lé%‘f’ﬁ
conposition which not only contains no | o 9 €O ound nce, is
friendly to thed%%%$¢dﬁ%§n?)r%ﬁ&Prﬁﬁp¥&§iﬁ+ tc?ﬁ %9$£ éﬁag%sggct to
heat resistance, nechanjcal characteristics and electrlcal characteristics
(such as di el ecPRPEPRPEHEr¢$ESY: but 5 also, in the injection mol ding
thereof, exhibits excel|ent nn%d éé%fgﬁﬁ@ﬁ%@gﬁg efé§$ﬁcioﬁ§€Ei§ion

ra d

substantlally free f %%?6%59 i on a gas and from a on of the flane
retardant contalngdaiNehsla bondbeedB! thodindll 85tbasnaxcalbaavahmpact

resistance. 10 TR oreg |ng an cts features and advant ages of

t he pre nt inv n reptydd tgﬁbffggfﬂuduh a4 &
descrip ?on ande%%gnde clal Q%E%%iLESREESCRIPTICN OF THE | NVENTI ON 15

According to thg pEesgihyi BVEBLESRsel NBREshRoREEVEEedranas! yiapeoykane et her
conposi ti on conprising: % parts by wei ght of (A) a pol yphenyl ene ether

resin or a Conbbﬂébb981Q§ @e@@h&&hEBYEEBEfﬁébgr sashnasndeassilyr ene resin,
20 1 to 40 parts by weight of (B) a flame retardant which is conprised

mai nly of at |easteagennesbekxuselestednrthmahiiefgerupatonsidsiveg es a

condensed phosphoric ester (I) and a condensed phosphoric ester (I1),

respectively, repmpagatedobyhbhe b6l kbwei mgsfior pomaesfitionscangadpipg a 10

(@)m (RF)n~ ~QGamt 3 OROOGP-O~ OGP-On ~~v~ 1 Ra/~ O (R2)n2 (I) and

(Q@) 2 +6B8) N8B SmofephwspRot)icnesten) theOresin ppmpopibionpcongaining
a condensed phosphoric ester does not retain a good
impact resistance which i1s inherently possessed by the
polyphenylene resin, so that the resin composition is
likely to suffer cracking. Further, with respect to

20 the improvement of flame retardancy, a condensed phos-

phoric ester is less effective than a monophosphoric
ester. Therefore, it is necessary to use a condensed
phosphoric ester in a large amount as compared to the

case of a monophosphoric ester. However, when the

25 resin composition contains a large amount of a con-



OO0 (ll) ~Q2) n2 ~Q 3) nB wherein each of Ql, @2~ B and 4 is a sub
stituent and independently represents an al 10 kyl group having 1 to 6
carbon atons; each of RL and R2 is a substituent and represents a nethyl
group; each of R3 and R4 independently represents a hydrogen atomor a

met hyl group; 11 n has an average value @f 1 or nore; each of nl and n2

i ndependently represents an integer of fromO to 2; and each of nil, n2, n8
and m} i ndependently represents an integer of fromO 5 to 3, 0.3 to 10
parts by wei ghtderséd)plo sphivoienes kel bl dek epatty e s ik aHCe sOfietfed as a
hydr ogenati on product of a bl ock copolynmer conprising a_polynerized styrene
bi ock and a pol yesinzeomposi Lier ceearreee HLHERST 1H0WRES @i n'%’teqeé%%’feone

pol ynmeri zed styrene bl ock has a nunber average nol ecul ar, wei ght o%mﬁg 000
or nore, and 0.3Bttbs 1BepeFsarPytochERTCRY ¥y Ja‘“%%‘l";’yo?"éﬂ%t?‘g‘é?n? Pein
the weight ratio of the conponent (C) to the comone Ll]'(D) is from70/30 to
15/ 85. 15 For eB8§imnCePRPSHELAY BFOP hEOPPELRAY ier%H't oh PYRE E3sentt al
features and various_ preferred enbodi nepts of thg gresent.inventig gre
enuner at Bd bel o9¥anple, p3| JRREAYFBARNEL AEr 2R oAPBEFPTOR t3npPTRFRGF 28 100
parts by weight of (A) a polyphenyl ene, ether resin or .a comhjnati of a
pol yphenyl ene etREP Fé%iﬁgﬁﬁ% g°% 9Féﬁ%°?egﬁﬁ ?Pt?}éﬁf%ﬂﬁ%T? %gﬁﬁgﬁht of

(D)o e LA aPL LR A RRIPEL 358 AR ¥eOh Bhe) BepheRRC-gRTHET S¢
a hydrogenated block copolymer having excellent heat
stability 1s generally used. However, for satisfacto-~

10 rily improving the impact resistance of the PPE/styrene
resin, it is necessary to use the hydrogenated block
copolymer in a large amount. However, the use of a
large amount of the hydrogenated block copolymer is
disadvantageous not only in that the flame retardancy

15 of the PPE/styrene resin is lowered, but also in that
the use of the hydrogenated block copolymer which is
expensive 1s uneconomical.

As a conventional method for further improving the
impact resistance of a PPE/styrene resin composition

20 (i.e., composition comprising not only a polyphenylene
ether resin and a styrene resin, but also another com-
ponent, such as a condensed phosphoric ester), there
can be mentioned methods using a hydrogenated block

copolymer in combination with a polyolefin resin, which

25 are disclosed, for example, in U.S. Patent Nos.



12 phoric ester (I) and a condensed phosphoric ester (l1), respectively)
represented by the followng formulae (1) and (I1): (@)m (R-)n~ ~A)md 3
OROOP-O~OP-On Ra/~ O (R2) (1) and n2 ~~2)n2 ~B)nB 5 ~Q ~ )m- ~R ~
)y n ~~A) M OOIIl Il OGP-OOP-Onl I OO(Il) )m ~@)nB wherein each
of QI, @, B and 4 is a sub 10 stituent and i ndependently represents an
al kyl group having 1 to 6 carbon atons; each of RL and R2 is a substituent
and represents a nethyl group; each of R3 and R4 independently 13
represents a hydriogers 7at,0m ,dré 63 05sSt lapld dr, 383;, 08 Zhadnexamiaesyd apgneseof 1
or nore; each of nl and n2 independently represents an integer of fromO to
2: and each of Raltem? Apyflisvetioh 3.a8idddpend Sme ol figatdeoan N .afhontSfger of
fromO to 3, 0.3 to 10 parts by weight of (C) a hydrogenated bl ock

copol ymer whi ctblidselefUnsastansisesl Wabaggsieatfagiendt daurdl Gort 1o ILedid -QR$st yner
conprising a polynerized 10 styrene bl ock and a pol ynmeri zed conj ugat ed

di ene bl ock, wHmresirf igat s (Noon Shso 6958 st ipest W apasies Sunber
average nol ecul ar wei ght of 15,000 or nore, and 0.3 to 10 parts by weight
of (D) & pol yolR&tient fnmlicielan @Q%%f@rﬁp%ﬁi&%trquhé“o%o#&dne%ﬂ (O to

15 the conponent (D) is from 70/30 to 15/85.
169665 (corresponding to EP 0 719 832), Unexamined

Japanese Patent Application Laid-Open Specification No.
Hei 4-7357 (corresponding to U.S. Patent No. 5,296,540),
Unexamined Japanese Patent Application Laid-Open Speci-

10 fication No. Hei 4-279697 (corresponding to U.S. Patent
No. 5,296,540) and Unexamined Japanese Patent Applica-
tion Laid-Open Specification No. Hei 6-192561. However,
the conventional technigues disclosed in the above-
mentioned patent documents are not concerned with a

15 flame retardant resin composition containing a con-
densed phosphoric ester as a flame retardant, that 1is,
use of these conventional techniques is not intended
with respect to the resin compositions having flame
retardancy. Therefore, the objects of the inventions

20 of the above-mentioned patent documents are different
from that of the present invention, and the amounts of
a hydrogenated block copolymer and a polyolefin resin
used in the above-mentioned patent documents are large
as compared to those used in the present invention.

25 Generally, the more the amounts of a hydrogenated block



2. The pol yphenyl ene et her conposition according to item 1 above) wherein
the flane retardant (B) is comprised mainly of the condensed phosphoric
ester (1). 20 3. The pol yphenyl ene et her conposition according to iteml1
above, wherein the flanme retardant (B) is comprised mainly of the
condensed phosphoric ester (1), which has AN acid value of 0.1 or less. 25
14 4. The pol yphenyl ene ether conposition according to any one of itens 1
to 3 above, wherein the amobunts of the hydrogenated bl ock copol yner (C) and
t he pol yol ef i n g Iyn(ed) sarde,a mesiyediefiel yesdrs ttdhed meae sMpFapEdgihes and
0.5 to 4 parts by weight, and wherein the weight ratio of the conponent (C)
to the conponenimpddt iresirsdmmB® 4F ttdel 37eg5.n Zonpes iFdIafph WA ¢4 et her
conposition according to 10 any one of itenms 1 to 3 above, wherein the
amount s of t he niopr dgevestest] e did amspotgtprdanoy £fd thee GTFAWOISMRP $Esi n
(D) are, respectively, 0.5 to 3 parts by weight and 0.5 to 4 parts by

wei ght, and mheuxnnm1:ﬁerwem@mpvﬁagi6h@fimﬁécgoﬁﬁéﬁéﬁﬁnee)OFoatﬁéaEﬁnponent
(D is from15 55/45 to 25/75. 6. The pol yphenyl ene ether c osjtion
according to amﬁtnnﬂaﬁtin@#ﬁﬁJPQQPQS%&%R&LC%WRQ¥R¥PQH%‘Hyﬂﬁggﬁﬁ%ted bl ock
copolymer (C), in terns of a non-hydrogenated 20 formthereof, .conprises a
pol ymeri zed st PhRORPIIBEK SFLR %I%r&fﬁ%&%ﬁﬁ%@%gﬁﬁ%n WHEF ei n t he

wei ght ratio of the polynerized styrene block to the pol i adi ene
bl ock is from #BSR tePIRYSHtios Has T%%oﬁﬁ%%%ﬂﬁ%%jeg%?#e?{té%g%}gﬁi on

according to 15 any one of jtens 1, to 6 above, r&Ld, tsePpEyohefin

D Rere BataRt MRLIRETTE A LE e et
ey 1o & Srye A g;?%‘% e ek ool LT resi
(D) is a lowde %%?yN%bl_%Th§€g%e. g. Fhe H%pr ep§+ene etﬁgr conposi tion
?E;O{g'gﬂ to anéﬁgfg?gggéégf§m&rt?n@oa@ﬂ%gFe¥£§rSbﬂpéthPQﬁyo&ﬁétéiﬁ0 resin

et hyl ne- ‘copolyner. pol yphenyl ene et her

conposition acc i n i OMBaf¥ORE A Nhibeid
pol yphenyl ene e?%gr8?%%?%8(%Sspgyg%fy%g?%?g?%g?ﬁy??1¥4a€5 p%eny?gne§ et her

whi ch has an -~ £P8 Q- Boi9oPgdn8siMBasHEEds USi Bgs8 pbloketor nin
sol ution thereg?éﬁgg%né g tenggrg?u?enofl30 C, and has an Mv Mh ratio of

from2.2 to 5. Oynyhepgha, MhkSihpacwereblstdpeagermehecnbalnwebghbsat the
pol y(2, 6-di met hyl -1, 4- phenyl ene) ether 20 and M1 is the nunber average

nmol ecul ar wei ghtigh the Bel Yhprévedanwibybut, 1opbenpbenby €lbme zetiawherein
each of the Mv and Mh is determ ned by gel perneation chronmatography (GPC)
usi ng ajieal i br ahhaByCUEVehebirasnadcomphsitdpect H@wsvgndat@emﬁﬁ%ﬁtg%erse
pol ystyrene sanR5 ples. .

copolymer used for improving the impact resistance of

the resin composition is expensive and, hence, the use

of such a grafted copolymer is economically disadvanta-

geous.

20 A PPE/styrene resin composition containing a phos-
phoric ester having high acid value is susceptible to
absorption of water and hydrolysis. By the hydrolysis
of the PPE/styrene resin composition, the dielectric

properties (i.e., dielectric constant and dielectric

25 loss tangent) of the PPE/styrene resin composition are



16 Hereinbelow, the present invention is described in detail. The

pol yphenyl ene ether resin (A) used in the pre 5 sent inventionis a
honopol ymer or a copol ymer conpris ing recurring units each independently
represented by the followng fornmula (111) or (IV): RS (I I I) ~Rs RO R7
o- (I V)V R~o0VRs 10 wherein each of R5;, R, R , R8 , RO and Rl inde
pendently represents a hydrogen atom an aF kyl group having 1 to 4 carbon
atons, an aryl group having 6 to 9 carbon atons or a hal ogen 15 atom with
t he proviso thatoRereédd Rl are not 17 simul taneously hydrogen atons.
Representative exanpl es of pol yphenyl ene ether resins which are

hormopol ymer s i ncl udeThe| ygdizeg ek (/| RRE /Stang erfjintfrpposition

pol y(2-met hyl -6-ethyl 5 1,4-pheny|eneg et her, .
pon(2,6-diethy(eﬁpﬂcb%é%¥lén%}a@?h@?,ardant PPE/styrene resin compo-

pol y(2- et hyl - 6-n-propyl -1, 4- phenyl ene} ether, .
poly(2,6-di-n-p?bE&Pnl?ﬁnﬁﬂégﬁm%n%)f mg retardant) is frequently con-

| y(2met hyl - 6-n-but yl - 1, 4- ph I i her, .
BSI ;E > ob h§| - 6i gBﬁIlg%%yI’Y 1%1215) ‘bﬁgi‘vﬁgg'ﬁ%}g’e‘&irer IH IR SRty It S 18 @
hi t hyl -1, 4- ph I t , . . N
Solgzg?neghyl-63§8$£§92$ﬁ§?§i?25pﬁ%ﬂ%?%n ft%?%%rogﬁﬁlned by the injec-

pol y(2- net hyl - 6¢hl or oe | -1, 4- | ene S I e ne
eher s, pol y(2, LB nBoh 29 s BRERSF Breyon FerSrenti Lt B £ SR URE RN ELS
above 15 nmentiongd I n t per j ' I Qet mai n
chai n thereof, g? ngs¥ggﬁea%§%gﬁ§rPﬁn?TBE%Yggﬁé%a#%%ﬁ?%ﬁ%§%$gﬂpggoﬁg?sting
of a 2di al kyl anj h = et hepy! et he it 18q.

2. (N al kyl - Ko phenapas; KEEEeTs] XQR ERK FoRTLRCEnE) TRIBLLLOh mBtlida.
wher ei njphese nononmer units are disclosed in Unexan ned Japanese Patent
Application Laid-Qpen Specification No. Sho 63-301222 and the like. In the
present invention) the pol yphemgtrengyeidre mruEpiyERerIorans a copol yner
conprised mainly of a nono 25 ner unit having a phenylene ether structure.
Exanpl es 18 of pol yphenykeseteabeoncophéypeesenticindenaorsphayaenade
obt ai ned by copol yneri zing 2, 6-di net hyl phenol and 2, 3, 6-trinet hyl phenol, a
copol yner obt ai egdehyi¢epahgnmentznsdgve, 6tdameshyliphenoviandtowerdsde- and a
copoly

veloping a technique for solving the above-mentioned
15 problems accompanying the prior art. As a result, it
has unexpectedly been found that the above-mentioned
problems can be solved by incorporating a specific hy-
drogenated block copolymer and a specific polyolefin
resin in a specific ratio to a flame retardant resin
20 comprising a polyphenylene ether resin and a condensed
phosphoric ester. Based on this finding, the present
invention has been completed.
Accordingly, it is an object of the present inven-
tion to provide a flame retardant polyphenylene ether

25 resin composition which not only contains no halogen



5 mer, obtai ned by copol yneri zi ng 2, 6-di net hyl phenol, 2,3, 6-tri nmethyl phenol
and o-cresol. As an especially preferred exanple of a pol yphenyl ene et her
resin for practical use, there can be nentioned

pol y(2, 6-di net hyl - 1, 4- phenyl ene) ether which 10 has an ~Sp/c of fromO0.3 to
0.7, preferably from0.4 to 0.6, as neasurﬁd using a chl orof orm sol ution

t hereof having a tenperature of 30 C, and has a wei ght average nol ecul ar

wei ght / nunber average nol ecul ar weight ratio (MM Mh ratio) of from2.2 to
5.0, preferabl yvdmpoud 3(ditd t hehds, viterieriensiich tof the averighanmeser hge

nol ecul ar wei ght and nunber average nol ecul ar wei ght of the

pol y(2, 6-di net and lhals pireryllere) mtdreriiesioticrnireapdnt ged paheee 1 on
chromat ography (GPC) using a calibration curve obtained with respect to

st andar d nonodi $hetarce) maihanigahchappttarisiics apbleddrinlehe et her is
especially preferred fromthe viewpoint of nolding fluidity. In the

pol yphenyl ene eztharacermpbsti¢on(sich ms piskentyiy aRergrtigst hdebnponent
(A), there can be used 25 an aci d-nodified pol yphenyl ene ether resin
produceddby  1®3L$Rr t1al the okn iR &t dPSLMRE FiHeRERE pAXIpHEEYS eteCel her
resin wwth an unsaturated carboxylic acid or a derivatine thereof. Such an
aci d-nodi fi ed pb#YpHEMYA Rl @A Herchad trel S e A, 19 Fukstapttalin
Unexam ned 5 Japanese Pat ent Jication Lai d-Open Specification . He
2-276823 (corr eg‘beo‘?\ ﬁ‘ﬂ“t%erlf’g%)@% e Ma%,ﬁ%,%,a e n%%l\gké?)anese
Pat ent Applicatipn Laid- n Specification No.. Sho 63- 1080 and

Unexanf i ned Jap%ﬁ%’g% ?%Y%&a%p??rb%ﬂ%% L&i‘%’;?ﬂént%p it fr\“%]ggloaﬁ i%%iko. sho
59-59724. The acjd-nodifie ol yphenyl ene_et he esin can be produced, for
exanple, by a n%fg%%si?ﬁﬁﬁéiéb ##@% Fer%ﬁl%F?éﬁébhenylene ether resin with
an unsatyrated carb [ o] ery I wes e ' t-kneaded in
the pr eisgnce or absce]ir%%‘a o?’@éz;dérjlargé céz;’?&il(g&l?/‘%it tﬁ%ﬁ’n?%éf%%ét i%ll‘rid]iégCSJ

effected. Aterpatiyghy. of hen@GhAss0di figde POl ¥RV ehe ShheFek£SERoRAN

al so be produced by a nmethod in which a pol yphenyl ene ether resin and an
unsat urated carpQXyEbr1&eitly Olie PaflBld V@bi¥LipHEEL0ANAr £pEld $8OH VELaims an
organic solvent in the 20 presence or absence of a radical initiator to
obtain a solution, and a reaction is effected in the solution. Exanples of
unsaturated carboxylic acids and derivatives thereof include dicarboxylic
acids, such as malefic apETAILENEBDESCRTPTION tQEOMHE BGVENTID@logenated 25
mal efi ¢ acid, cis-4-cyclohexene-1, 2-dicarboxylic acid 20 and

endo- ci $5bi cycl o( 2, 2adgetd trept emetlRe Fprkesan bakyverct hon d; tlaenhy di s dese -
esters, am des and im des of the above-nentioned di carboxylic acids;
nonocar boxyl i ¢ atded, aspechypenyigné cebloeéd eomipoelhienytomprutstngand 5
esters and am des of the above-nenti oned nonocarboxylic acids. Further, a
saturat ed carboxyl i c1@@ipexhs Ry svebehtised (ﬁ)t%ep%éxﬁ¢%ﬁﬁhe%%r%ﬁR9¥ic aci d
is thermally deconposed at a tenperature at which the production of an

aci d-nodi fi ed pbP§pRedy| @neoBbhRetian cORdBcPRYYPREPTIHCLRaELRRE EGFHPat ed
carboxylic acid can be converted to an unsaturated carboxylic acid or a
derivative ther@gf @& styrene resin, '

20 1 to 40 parts by weight of (B) a flame retardant

which is comprised mainly of at least one member se-
lected from the group consisting of a condensed phos-
phoric ester (I) and a condensed phosphoric ester (II),
respectively, represented by the following formulae (I)

25 and (II):



used in the present invention. Specific exanples of such saturated
carboxylic acids include malic acid and citric acid, which can be used
individually or in 15 conmbi nation. In the present invention, the styrene
resin used in conbination with the pol yphenyl ene ether resin neans a
styrene honopol yner obtai ned by honopol yneri zing a styrene conpound, or a
styrene copol yner obtai ned by 20 copolynerﬂ ing, in the presence or absence
of a rubbery polynmer, a styrene conpound and a conpound which is
copol yneri zable with the styrene conmpound. \When the pol yphenyl ene et her
resin and the styrene resin are used in conbination, the polyphenyl ene
ether 25 resin/styrene resin weight ratio is preferably in the 21 range
of from10/90 to 99/1, nore preferably from 20/80 to 90/10, still nore
preferably fronkgph70 to BOI%Q?yﬁpecific exanpl es of styrenesconpounds
i ncl ude styrene, \a- et hyl styre e,”2,4;d;nethylstyrene, 5 ocRFor ost yr ene,
d e

p- met hyl styrene, rt-botyl sty ; hy| st w ene. ese styrene
conmpounds, styre m9§g_6r- g. |EXARDPNE jg_ whi ch are
copoyneri zable w yremne Conyx i e netihacfr {1 | ers, such as
met hyl net hacryl ate and ethyl . fhsatura nitriles, such
as acrylonitrile and ne onnitriIe;(- aci ydri des, suchl asand
mal efi ¢ anhydri de. Thes oyneri zabl e’ comidu e used in conbination
wi th styrene conpounds. mount of the copol zabl e conpound is

preferably 20 ~ by wei ght 15(@°f)),g@ss, nore preferabl@®15;~ by wei ght or

| ess, based on the total anmount of the styrene conpound and the conpound
copol yneri zabl e therewi th. Exanpl es of rubbery polyners which can be used
in the production of a styrene copolyner include conju 20 gated di ene
rubbers, conjugated di ene-aromatic vinyl conpound copol yners and

et hyl ene- propyl ene copol yner rubbers. Pol ybut adi ene and styrene-but adi ene
copolyne¢s are especially preferred. It is also preferred to use, as a
rubbery polyner, a partially hydrogenated 25 pol ybut adi ene havi ng a degree
of unsaturation of from 22 80 to 20 ~ or a polybutadi ene having a cis
1, 4-bond content & X991 ~ or nmoreR Bpecific exanpl es 68 '3ty ene resins

i ncl ude a pol ystyrene and a rubbey-nodi fied polystyrene; a sty 5
rene-acrylonitrile Iyné? (AS n) andﬁé r ubb ei nf or ced
styrene-acrylonitri {$ot §He e copol yners ot her

t han nmentioned abov t hgse st e resigs, e viewpoi nt of an
i mproved conpatibility wtpbithe pol yphenyle ether resin, a 1QIpb)ystyrene
and a rubber-nodified pol ene are pre d. The flanme retardant (B)

used in the present inve
(Q2) (Q3) s

wherein each of Ql, @2, Q3 and 04 is a sub-

stituent and independently represents an al-
10 kyl group having 1 to 6 carbon atoms; each of
Rl and R? is a substituent and represents a

methyl group; each of R3 and R% independently

represents a hydrogen atom or a methyl group;



tion js conprised mainly of at |east one nmenber se |lected fromthe group
consi sting of a condensed phos 15 phoric ester (1) and a condensed
phosphoric ester (I1), respectively, represented by the foll ow ng fornul ae
(1) and (I'1): ()rpt (R)n~ (A)mM 3 OROOC P-O~0O P-Ob R4~ o0 (R2)n2
(1) and (@)nm2 (@) nB 23 (@)m~ (R~)n~ (94)m4 OOOP-OOP-ONnNI I OO
(rry ~@)nm2 ~@)nB8 wherein each of QL, @, éB and Q4 is a sub stituent and
i ndependently represents an al 5 kyl group having 1 to 6 carbon atons; each
of RL and R2 is a subshas usntazewchgeprabentsf al et hyorey oagch eaEh of R3 and
R4 independently represents a hydrogen atomor a nethyl group; n has an
average val ue of 1 orl nard;n2audeperidemt 1andepilesentepeameinitegerpr esent s
an integer of fromO to 2; and each of m, n2, nB and n4 i ndependently
represents an intege?f ofrémoin o t2: AndEapdchiof el comiems®daphasphori c
esters (I) and 15 (I1), respectively, represented by the above-nenti oned
formulae (1) and (I13ndere t1% ecepresenpt siran i intedenodcinem Qhains. In
each nol ecul ar chain, n represents an integer of 1 or nore, preferably from

1 to 3. $n each of t¥He fondensed phosphoric esters (1) and (11), 24 n has
an average value of 1 or nore. The condensed phosphoric ester (I) is nore
advant ageous than t H: ¥ oriel RppHd Phdrekokds t1f &H )2 ihverpgenatesi ng

points. In the | t - kneadj ng for producing 5 the pol yphenyl ene et her
conposi tion of ﬁ CIbr%%%‘?‘lifyT?‘?F s AeEined iiF A Ry drogsnzbien ed

used. 2 comparttEeuet nef c v e eT A IR (BB R Aot es ) (1)
i's used. GEnerag{§¥E£g block and a polymerized conjugated diene block,
10 wherein at least one polymerized styrene block has a
number average molecular weight of 15,000 or more, and
0.3 to 10 parts by weight of (D) a polyolefin
resin, wherein the weight ratio of the component (C) to
the component (D) is from 70/30 to 15/85.
15 For easy understanding of the present invention,
the essential features and various preferred embodi-

ments of the present invention are enumerated below.

1. A polyphenylene ether composition comprising:

20 100 parts by weight of (A) a polyphenylene ether
resin or a combination of a polyphenylene ether resin
and a styrene resin,

1 to 40 parts by welight of (B) a flame retardant
which is comprised mainly of at least one member se-

25 lected from the group consisting of a condensed phos-



10 the bl ack-colored inpurity is considered to occur due to a deconposition
reaction or dehydration reaction of a condensed phosphoric ester. Further,

t he condensed phosphoric ester (1) is advantageously low with respect to
wat er absorption as conpared to the condensed phos 15 phoric ester (I1),
wherein the water absorption causes a lowering of the dielectric properties
(i.e., dielectric constant and dielectric 8ss tangent) of the

pol yphenyl ene et her conposition. O the above-nenti oned condensed

phosphori c est gfisor 29 esyEaci @ ) yarmi &f eyoeibrised ppespidrcid eraheaf (Cohdensed
phosphoric ester (1) wherein each of the substituents Ql~ @2, B and 4 is
a met hyl group;resgedciafveily, ndspmss amntedvby vithe HE oelspeiotg visdymulge eSent t he
nunbers of the substituents QL, @@, B and 4) independently repre 25 sents
an integer of famdn(LX): 3; each of nl and n2 25 (which respectively
represent the nunbers of the substituents Rl and RZ each representing a

met hyl group) is 0; each of R3 and R4 represents a nethyl group; and n in
each condensed phosphoric ester nolecular chainis 5 froml to 3. In the
above-mentioned sgpecific forquf)condensed phosphoric esteﬁaej%,4 it is
especially prefer noht qf ; phosphoric ester chainS of formula
(I') inwhichnis s 500~ or N It i s—preferoed tha e condensed
phosphoric ester i i § value of 0.1
or less. The aci d\vaVde i3 meas\red/in| acgerdancel with 2501, in which

the acid value is definedjas the wei gR* (4 ndi categ by ng) of potgf i um
hydr oxi de needed for negégég;zing the agRdiyc ¢ nts contained'fnddg of

15 a sanple of the cond phosphori c est ér? y phenyl ene et her
havi ng i ncorporated ther condensed phospho ter (especially the
condensed phosphoric ester ({QF)hgving an acid val uéQoPnx 1 or |ess has
excellent dielectric properties because such a poly 20 phenyl ene ether is
not susceptible to hydrolysis (i.e., is not susceptible to absorption of
wat er). ¥hen the acid value of the condensed phosphoric ester is large, the
foll ow ng di sadvantages are |likely to occur. During the nolding of the

pol yphenyl ene et her conposition, 25 not only is the nold easily corroded,
but also a |l arge 26 anmount of ggs is generated since }he pol yphenyl ene
ether is easily de@dmpesed. Fur€RePnithe pol yphenyl erd® Otder conposition is
susceptible to absogption of wateX (susceptible to hygrolysis), so that the

dielectric 5 proper ﬁhe po nylenéﬁether osition are
di sadvant ageously | -PRC a-nk-ed e anount of the
flame retardant (B) I ch gs co ed nain£y of densed phosphoric

eferably from3 td Bd)parts by
conponent (A) (i.e., the

he pol yphenyl ene ether resin
and the styrene resin). W the, amount of e b§ne retardant (B) is |ess
than 1 part 15 by weight, t he ¢ I@phenylene et hér “€ohposi tion has no flane
retardancy. On the other hand, when the anount of the flame retardant (B)
is nore than 40 parts by wei ght, disadvantages are likely to occur not only
in that the flame retardancy of the pol yphenyl ene ether 20 conposition does
not shaw any appreci abl e i nprovenent over the case where the anount of the
flame retardant (B) is 40 parts by mehght or Less, byt also in that the
mechani cal strength WRETARAt eRER| SfaRte Bf -tR2 BBRyBhHeh Tl Bn8UBF her
conposiﬁhon are inpag

ester) is from1l to 40 part
wei ght, relative to 100 p
pol yphenyl ene ether resin

by wei ght, 10
by wei ght of
conbi nati o

Egghent and independently represents an al-
kyl group having 1 to 6 carbon atoms; each of
Rl and R2 is a substituent and represents a

methyl group; each of R3 and R4 independently



25 The above-nentioned flanme retardants are generally 27 comercially
avail able . Exanples of comercially available flanme retardants incl ude
CR-741, CR 747, CR733S and PX-200 (trade nanes), each manufactured and sold
by Dai hachi Chem cal Industry Co., Ltd., Japan. 5 The hydrogenated bl ock
copolynmer (C) used in the present invention is defined as a hydrogenation
product of a non-hydrogenated bl ock copol yk&r conprising a pol yrmerized
styrene bl ock and a pol yneri zed conj ugated di ene bl ock, wherein at | east
one pol ynerized styrefgrddehtHcK Hiasrdydil ieim BEragee i) e cdtaip wei ght  of
15,000 or nore. By the hydrogenation of the non-hydrogenated bl ock

copol ynmer, the unsatmrieds can deggesgofvdlne o yiInest aeskcongagatesl di ene
block is | owered generally to 40 ~ or less, preferably to 20 ~ or less. The
hydro 15 genat ed bl atk amdpaly nenddggndsant e ypypchsead hyara otevgpsnt | onal

met hod. Exanpl es of such conventional nethods include nethods which are

di scl osed i n Unexam eiedfdampahese Patand o icfatmlon 2 daXDpemd Spkeci fi cation
Nos. Sho 47-11486, Sho 49-66743, Sho 50- 75651, Sho 54-126255, 20 Sho

56- 105425 Sho 56- 628uvdeprh &irot 56 - 1€)S<En tEB fationteddor dfi 3097610,0 U. S.

Patent Nos. 3,281,383 and 3,639,517, GB Patent No. 1020720, and U.S. Patent
Nos. 3,333,024 and 4t®03, 857. The hydrogenated bl ock copol yner is produced
by 25 hydrogenating a non-hydrogenat ed bl ock copol yner com 28 prising a
pol ymeri zed styrene ®dche X UrRREEHRY maighdd Cégrﬁ @& v regrRn etk v,
wherein the hydrogenation is effected with respect to the block Y. Exanples
of non- hydr ogen2t ek PRI EBH| Wt 1hdefded i BYTRgeRat P di ene

bl ock copol ynmers havi ng bl ock configu rations represented by the, fornul ae:
X Y- X, XOY- X v PFOAHES 015 3 PGk \e SR e PRI L1 1Y i ROMHFELERC 4

conj ugat ed di ene,_ ther an be ntioned butadiene, Wth.r ect. 1o the
i orostHict ur o SHYATES oo rtdch 00 RN TAAS Lol P HPD SR ST o
particular limta tion. However, with respect to the 1, 2-vinyl. bond content
b the pol yer | JBST £Hih St So b e TR bAReT 11t convenne | aloRrar IS from 2

R T e T L

non- hydr ogenat e k™ copo r, a S yneri ze yrene

have a nunber average 0l &cid afa el Ay A1 QP @) :%rﬁoh}gléﬁrpreferred
er

that at | east one polynerized styrene bl oc as a nu aver age nol ecul ar

wei ght of 20, 008 £Pn Orwh®F&in | £né SwdDgier PFRE LS T8 thet cdhSoRén€aLd) to
pol yneri zed styrene bl ock in the non-hydrogenated bl ock copol yner has a

nunber ayerage fRéesshPond®t ghd) ofs 1Ex&R07@r300ES. 15 n8s he present
i nvention, the nolecular weight is 25 determ ned by gel perneation
chr omat ogr aphy (GPC) using 29 a calibration curve obtained with respect
to standard nonodi sperse pol ystyrene sanpl es having predeterm ned nol ecul ar
wei ght's, wher ei A. t et Tladnyplo bf phiemy 1 snelsethers corguds/ett on Thecowddbey aver age
nol ecul ar wei ght of the or 5 each polynerized styrene bl ock can be obtained
as fol item 1 above, wherein the flame retardant (B) is com-

prised mainly of the condensed phosphoric ester (I).

20

3. The polyphenylene ether composition according to

item 1 above, wherein the flame retardant (B) is com-

prised mainly of the condensed phosphoric ester (I),

which has an acid value of 0.1 or less.

25



| ows. The nunber average nol ecul ar wei ght of the hydrogenated bl ock
copolyner is nmeasured by GPC using a calibration curve obtained with
respect to standard nonodi sperse pol ystyrene sanples. Then, the nunber av
10 erage nol ecul ar wei ght of the or each polynerized styrene block is

cal cul ated fromthe above-obtai ned nunber f¥erage nmol ecul ar wei ght of the
hydr ogenat ed bl ock copol ynmer in terns of a nhon-hydrogenated formthereof
and the weight ratio of the or each polynerized styrene 15 block to the
non- hydr ogenat eql. bl e qeyioiphey ldne teithenomdmpdrsddaimam e dsimtina dpol yner,
the weight ratio of the polynerized styrene block to the pol ynerized

conj ugat ed di erenplaok dricfemsbl ytpd yaherieedlnneaid die FRAKES t9fe nunber
of the polynerized 20 conjugated di ene bl ocks) and the nunber average no

| ecul ar wei ght die tpinrgenste bt yawt i canb kol gdd el dite RO ¥ eihot
specifically limted so long as at |east one polynerized styrene hlock in
t he nonhydr ogerresih bl D karoporesrgc e iy nuhdert avd Rt P D¢ L@t ar

wei ght of 15,000 or nore. However, the anount 30 of the polynerized

styrene bl ock iandhe. hokhyHrereitRy 8Bkt c Al yWRereln phs efed IRt f rom 25

to 80 ~ by weight, nore preferably from40 to 70 ~ by wei gh name 60 to
30 ~ by wei ght ¥ethorefpeee ¢QnEPRgRt alfolint® ofh¢ h‘éorb%‘?%‘?l é%g :b%n%%‘ef&t ed
di ene bl ock), based on the total weight of the polynerized styrene bl ock
and the pol ymer 3640 cbtj t482d di ene bl ock (preferably pol ynerized

but adi ene bl ock). In the present invention, the nunber average no 10

| ecul ar wei ght of the hydrogenated bl ock copolyner (C) is generally in the

range of from 40,000 to 50 00 refe 0 As the
pol yol efi n resi g ( D)TIE]%e%of%p%%%ylg?ne%eén@?élynvéeénﬁ%%&thg&e)réeg%g{r)l&%lgggg%d a

pol yol efin resin_having 15; t r RO Aodnte 8 9/ 10
mn, priberablya?Yo%?%.%%t%egaygfiégﬁ$n?gégg%égéﬁ%%%ﬁat %90 %:ﬁnder a | oad
of 2.16 kg in a r j IM D123 | g8y ofn@OL el 861 Poi88iAS (D)
used in the preggﬁtg?ﬁggﬁ%#%ﬁeﬁnc%%de p%??e hyleﬁe? sﬂch_as g |gM120
density p0|y3th¥€§ﬂﬁ’(ﬁ?hbﬂg,dﬁg§%é¥tPGéY§§hUl@”@ooB Batbtseny, wkoyhdensity
pol yet hyl ene; pol ypropyl ene; an et hyl ene-propyl ene copol yner; and an

et hyl ene- but eneag@pel 5mes. 4 Fatheseypebyghef i andeshssein thw Wenghty

pol yet hyl ene and an et hyl ene- propyl ene copol yner are 25 preferred. 31
Each of an ethykgegopbepyheneompprbyie(Candoanhet byhparehtit €n¢ topbiymer is
generally a noncrystalline or Iow crystalline copolyner. Each of these
copol yness nay bayesatbhesd760onponent copolynmer s ized there into so |ong
as the performance of the co polynmer is not adversely affected. In the
copol yner, the ethylene nononer unit/propyl ene nononmer unit ratio or the

et hyl ene nononer unit/butene nononer unit ratio is not specifigall¥
limted. Howeveb,. t hEheonpémphehylenehethespyreresikbhorercaAraiBe bAt ene
mononer unit in the copolynmer is generally in the range of from5 t 0 nol
~. These copol yABYsOaPeOfeAELBE| } EBnRePEPEPIyWRGIPLDIERS R?dEHQSQQES e of
such commercially avail able copol¥ner, t here c%n be ne t%pned T%fg$r (trade
15 name; manuf abLOFEdCoREL¥BRY HG M LBuiteERENPEaPs POPREY A P8R S %The
above-nentioned ol efin resins can _he used individually.or in Lnat.i.on.
The essé®ial f&RETy &P6FCHe 59@?§ﬁ§e?n9eﬁfﬁgwefﬁzFQs%& ] %ﬁ%?ka%kd
speci fi c anount of speci fi.c, hydr.g genated, bl g 0 h ;
conponent (C) aﬁdpﬁigﬂngﬁﬁg gﬁéﬁﬂﬂegF gagﬁgdiﬁﬁér%gﬁyg¥gfﬁﬁﬂiggi%é&éophe
component (D) alg IBGOLBILALS] L 3RV RABAY G3e +RIENFo AR Y Ch 1 S

caused to have fra ncy by i corporating theérernto a condensed
phosphoric esteky,;a4iene block is f£rom 40/60 to 70/30.

25 7. The polyphenylene ether composition according to



32 The pol yphenyl ene et her conposition of the present invention contains
0.3 to 10 parts by weight of the hydrogenated bl ock copolyner (C) and 0.3
to 10 parts by weight of the polyolefin resin (D), wherein, as nen 5 tinned
above, the hydrogenated bl ock copolyner (C) is defined as a hydrogenation
product of a bl ock copol yner conprising a gglynerized styrene bl ock and a
pol yneri zed conjugated di ene bl ock, wherein at |east one polynerized
styrene bl ock has a nunmber average nol ecul ar 10 wei ght of 15,000 or nore.
It is preferredrhaing hef dinmams sl dfo tehetopdr,ogéveatedad Bihec ko adgpsolefiiar  ( C)
and the polyolefin resin (D) are, respectively, fromO0.5 to 5 parts by

wei ght and fromesin t@Pb jgara Pdyetdivfiane rel ative to 100 parts by wei ght
of the component (A). 15 It is nore preferred that the anounts of the

hydr ogen ated bl ock copolyner (C) and the polyolefin resin (D) are,
respectively, from0.5 to 3 parts by weight and fromO0.5 to 4 parts by

wei ght, rel ativie t o Theo Qedipheny heaegather qeapesifdmenrqeRrdifngetq he
amount of the 20 conponent (C) or (D) is nore than 10 parts by weight,

di sadvan® ages @AW |97KeISE tiFaelr tHté gV e n Whske s R v et hani cal
characteristics (such as tensile strength, flexural strength and flexural
modul us) whi ch FREA bdeh &1 R d57P% REIFLRY 1&3ifbi nati on of the 25

pol yphenyl ene ether resin and the condensed phosphoric 33 ester are
inmpaired, but also in that the flame retardancy of the pol yphenyl ene ether

conposition is advergely affected On the ot , en. the t of

t he conponent (% or eD)pciaJSyq%%es qtef'unaen %%rpfﬁ%p&%%%q&n%%o% IS Virtually
i npossible to i 0 t j t, r,esist istics
and chem cals resis rgenc(g?o#% lpofcgs/p eny een'e@ eérﬂcg%?pee(;g{?%ﬁféﬁlﬁthe

present,inventi .t h ' rat 1 r%ﬁ&@éﬂt bl ock copol yner
(O to Jf(?le pol y]g%ejfrlg n@%ﬁ%h‘%rb)é%ﬂsﬁ%%ﬁo&%%% wever, fromthe

vi ewpoi nt of remarkably inproving the inpact resistance, it is preferred
that the weight ratio of the hydrogenated bl ock copolyner (C) to the

pol yol efin resifp (Drie 48P PUAD dithekd/dbm m&cﬁﬂvaéu&gm\ﬁlﬁ/ofrom
55/45 to 25/ 75, still m)é epjz;ﬁdvar?tﬁ%eousl y fromp50/ 50 to 30/70. en the
anount of the pohyobedidr resdds (D)td 9 |as6vd hamefe partise hyo et ght or nore
than 85 parts by weight, relative to 100 parts by weight of the total of
the conpo 20 neptienyI3nansiti{dd , réden | (Ppcls r\esivtancedimeehyhgl r€si st ance,
nol d rel ease characteristics and chemi cals resistance of the conposition
are likesy to bsh¢oplendy éticer paiitdh ngasinan ngyganio€ fFirbme0 .Gsaoh tag a
glass fiber, a glass flake, kaolin clay or talc) or a 25 fibrous

rei nforcing agens roedsuredansieatd orietordboen saiution thereof yiadeing et her
conposition of the present invention, a high strength conposite having
excel | ent fl ui datyemperaeate reti 3 aifce agah hgs éint vt edriq e inpose of

inparting a property other than 5 nentioned above to the gol henyl ene
et her conposi tidn? obOthed priverein Mients obbe t FRl SohpdeeTaen Rayechhtlin an

present i nvont {BRCPRETEE THRAPI LYl 2 EaRHTERNEr Al PRORE Gt hbr S Ehah
nentiongg and Mn is the number average molecular weight of the
poly(2,6-dimethyl-1,4-phenylene) ether and wherein each
of the Mw and Mn is determined by gel permeation chro-
matography (GPC) using a calibration curve obtained

with respect to standard monodisperse polystyrene sam-

25 ples.



10 above include a plasticizer, an antioxidant, a stabi l|lizer (such as an
ul traviol et absorber), an antistatic agent, a nold rel ease agent, a dye, a
pi gnent and other resins. The additive is used in an amount which is
conventional ly used. For the purpose of further im15 proving the flane
retardancy of the pol yphenyl ene ether conposition of the present invention,
the resin conposition may contain at | east ¥¢ne member sel ected fromthe
group consi sting of conventional flane retardants and auxiliary flane
retardants. Exanples of such flane 20 retardants and auxiliary flame
retardants include nmag nesi um hydroxi de contai ni ng water of
crystallization, aluHepeimbylowxi tite conéaent ngnvetietonfisrgssatribeat inn,
zinc borate conpounds, zinc stannate conpounds, and inorganic silicon
conpounds, suchdasasill.i ca, kaolin 25 clay and talc. 35 Wth respect to
the nethod for producing the poly phenyl ene ether conposition of the
present invention, tfibeeppiypbepri¢neuétineri nesani 6h) Esedekanphe, prae

pol yphenyl ene et her conposition can be produced by 5 kneading a m xture of
t he conpénents eenthénvenpdent isnaubdmgpalimeader, asgehodyman equpuder, a
heating roll, a kneader or a Banbury m xer. Fromthe viewpoint of pro
ductivity, it isngrepeprednghunithceanbadinggrendentlyi xepresestednliict ed
usi ng an extruder. The tenpera 10 ture enployed for kneading the m xture
can be chosen a&ber §rhdovdnghéorvupar 4IGFe af WAVEh the nol ding of the base
resin (i.e., polyphenylene ether resin (A)) is preferably conducted. The
kneadi ng tenperature is gen erally in the range of from 200 to 360 C,
preferably 15 from 240 to 320 C . 36 BEST MODE FOR CARRYI NG OQUT THE

| NVENTI ON Her ei nbel ow, the present invention will be described in nore
detail with reference to the folloy®RAg Exanpl es and Conparative Exanpl es,
whi ch should not be 5 construeg_a3\limting the scope of the present

i nvention. The conponents us_ExarrpI es eingFICE:pnpar ative Exanples are
as follows. (A-1) Pol yphenyl eng er resin: 16 ( -1)

pol y(2, 6-di net hyl -1, 4- phenyl ene) ether which has an ~Sp/c of 0.51 as
measured using a chloroformsol ution thereof having a tenperature of 30 C
and has a wei ght average nol ecul ar wei ght/nunber average nol ecul ar wei ght
ratio (Mv Mh ratio) of 2.8; and 15 (PPE-2) poly(2, 6-dinethyl-1,4-phenyl ene)
et her which has an ~Sp/c of 0.53 as neasured using a chloroformsolution

t hereof having a tenperature of 30 C, and has a wei ght average nol ecul ar

wei ght / nunber average nol ecul ar weight ratio (Mv Mh ratio) of 2.1.
R R

O- (IV)

10
wherein each of R®, R®, R’, R?, R’ and R'® inde-
pendently represents a hydrogen atom, an al-
kyl group having 1 to 4 carbon atoms, an aryl

group having 6 to 9 carbon atoms or a halogen

15 atom, with the proviso that R’ and R' are not



20 (A-2) Styrene resin: (H PS) a rubber-nodified polystyrene conprising a
matri x pol ystyrene and a rubber conponent, wherein the rubber conponent
content is 9 ~, the matri x polystyrene has an ~9p/c of 0.70 as neasured
using a toluene solu 25 tion thereof having a tenperature of 30 C, and the
37 vol ume average rubber particle dianeter is 1.5 ~m (B) Flane retardant:
(FR-1) a condensed phosphoric ester (trade]ﬁhne: CR 741; manufactured and
sol d by Dai hachi Chemi cal Indus 5 try Co., Ltd., Japan) which has an acid

val ue of 0.05 and i sgsepuptaseduBtiynhydebgbhsditphenyl phosphate (n = 1) of
bi sphenol A represented by the bel owdescribed fornula (V) and contains
smal | anounts of bisdepkesghtphosphakemphes d3fopodyphénbilepbesoheA and
triphenyl 10 phosphate (i.e., bel owdescribed conmpound (F-3)): OCH3 Oo ~-
P-~ 0 0 ~- P-~ @elinsHwhich hre WomoBolkiRe2s dancandengedyfBosphoric ester
(trade nane: PX 200; manufactured and sol d by Dai hachi Chem cal Indus 15
try Co., Ltd., ddpethyihilcH-pasngieaei)dethere pbl@.(2-methiyd-6orphiyded
mai nl'y of bisdixyl enyl phosphate (n = 1) of resorcinol represented by the
bel ow descr i bed i, drphleaylene Jartheont piPAY (2mal-digkbyAt$d . 4F pbeadileheny| 38
phosphate (n = 2 or 3) of resorcinol and tricresyl phosphate): CH3 CH3 o O
O~ P 0 ~ P ~ Oetherp (pely(R-embydHS -CHRreRy leis 4cRbepydene) ether,
poly(2,6-di-n-propyl-1,4-phenylene) ether, poly(2-
methyl-6-n-butyl-1,4-phenylene) ether, poly(2-ethyl-6-
isopropyl-1,4-phenylene) ether, poly(2-methyl-6-

10 chloroethyl-1,4-phenylene) ether, poly(2-methyl-6-
hydroxyethyl-1,4-phenylene) ether and poly(2-methyl-6-
chloroethyl-1,4-phenylene) ether.

Of these polyphenylene ethers, poly(2,6-dimethyl-
1,4-phenylene) ether is preferred. Each of the above-

15 mentioned polyphenylene ethers may partially contain,
in the main chain thereof, at least one monomer unit
selected from the group consisting of a 2-
dialkylaminomethyl-6-methylphenylene ether monomer unit
and a 2-(N-alkyl-N-phenylaminomethyl)-6-methylphenylene

20 ether monomer unit, wherein these monomer units are
disclosed in Unexamined Japanese Patent Application
Laid-Open Specification No. Sho 63-301222 and the like.

In the present invention, the polyphenylene ether

copolymer means a copolymer comprised mainly of a mono-

25 mer unit having a phenylene ether structure. Examples



(FR-3: conparative flame retardant) triphenyl phosphate represented by the
followng formula (VIl) (trade nanme: TPP; manufactured and sold by Dai hach
Chem cal Industry Co., Ltd., Japan): OOOPOO(VI I ) 00 (FR4) a
condensed phosphoric ester (trade nane: CR 733S; nmanufactured and sold by
Dai hachi Chem cal I ndus 39 try Co., Ltd., Japan) which has an acid val ue
of 0.06 and is conprised nainly of bisdiphéﬁyl phosphate (n = 1) of
resorcinol represented by the following forrmula (VII1) and contains small
anounts of bi sdbfhpoyiphbnglénphatretncepdlomedy Ohcles8r & B6hodPfler

tri phenyl phos phate (i.e., above-described conpound (FR-3)) OO OP-0O
O-P-O O o0 O (VIobthin8dOb¥Ocotdlindrogengt 2debiba&thppphynel &h®B): (HSB-1)
a hydrogenation product of a styrene-butadi ene bl ock copol ymer which
contai ns two poRyRebrieimethyipkehbdcks eapblimerngbtaimedebyavepale-

nmol ecul ar wei ght of about 24,000 and which has a 1, 2-vinyl bond content of
15 36 ~, wherei merheingd2ogedamebhyppbencl and a-cvebel, aspdagecapbiygul ar
wei ght of about 80, 000; (HSB-2) an oil -extended rubber which is conprised
of a par&ffin hpdroehtbbnefabyngonohwherhtingwei ghdinéthpbpheBOD, and a
hydrogenati on product of a styrene-butadiene 40 bl ock copol yner and whi ch
has a paraffin ﬁyar6C5Fb@ﬂtbﬁipbﬁbobfa3§ o-cHpeedin the styrene-butadi ene
bl ock copol yner has a 1, 2-vinyl bond content of 35 ~ and contains two

pol ymeri zed styrene Bf otRseFRGFHyl hvinbeefavred cesayephe| @€ uk aPoWeET ght s of
about 27,000 and 32,£00, resgectively and wherein the hydrogenation
product of the BPGPENEDHUEERPENESBLDCKOE oRBRGREFAHAESR: n ¢ a98rhge

I I i ght .aboyt_170. 000; _(HSB-3 hyd ti duct | of
Syt one. but adt eNER HERPAcROLEhor DretmarEh- LoAt BREYLake hot GHEF| ¥B4CR: yr ene
bl ock h havj nmb I I i ght of _about 10,000 and
which h38 a 1, 200F 9P BoWd Cntdiith 6 53¢ 0-0 ihe i Seie Wy drogerdak G0
(8B 4) a hydr ogonat Far eecanar ortadce, PhidtefhafBilupral hefhhy e

(HSB-4) a hydrogenation produ yFene- di ene” bl ock
ol scul ar wei ght 2ot RS FeBEEaTANE "0F o35 T e AR eIy M i B TR o
1,2-vinyl bond genteniasfwdigns/MERbEL NatbLa Y dhQEEBRIar weight ratio
(Mw/Mn ratio) of from 2.2 to 5.0, preferably from 2.3
15 to 3.5, wherein each of the weight average molecular
weight and number average molecular weight of the
poly(2,6-dimethyl-1,4-phenylene) ether is determined by
gel permeation chromatography (GPC) using a calibration
curve obtained with respect to standard monodisperse
20 polystyrene samples. Such a polyphenylene ether is es-
pecially preferred from the viewpoint of molding fluid-
ity.
In the polyphenylene ether composition of the pre-
sent invention, as the component (A), there can be used

25 an acid-modified polyphenylene ether resin produced by



20 tion product has a nunber average nol ecul ar wei ght of about 43,000. (D)
Pol yol efin resin: (LDPE-1) a | ow density pol yethyl ene having an MFR of 20
g/ 10 mn as neasured at 190 C under a load of 2.16 kg 25 in accordance with
ASTM D- 1238; 41 (LDPE-2) a |ow density polyethyl ene having an MFR of 0.4
g/ 10 mn as neasured at 190 C under a load of 2.16 kg in accordance with
ASTM D- 1238; (HDPE) a high density pol yet h#%ne having an MFR of 1.3 5 g/10
mn as neasured at 190 C under a |oad of 2.16 kg in accordance with ASTM
D-1238; (LLDPE) parkiBgak, okowofipnetbyypabiietiyhgne paviplean1lWhR ethér?2

g/ 10 mn as neasured at 190 C under a load of 2.16 kg in accordance with
ASTM D-1238; 10reBRh @«ipal wpr apgheneahadi sgreoxyERcoticidSog/ 40dsrivas
nmeasured at 190 C under a load of 2.16 kg in accordance with ASTM D 1238;
(EP-1) an ethyl eneeprhpykefie copch yaeradidactsdified gafyphery DRBO;

manuf actured and sold by Mtsui Chem 15 cals, Inc., Japan) which has an MFR
of 2.9 g/10 m nei&demexesiediat d18616sked, afoor daanple, t inABRkkBmifas8; (EP-2)
an et hyl ene- propyl ene copol yner (trade nane: Tafnmer P-0680; nanufactured
and sol dsby M t dapaGeeri Paltept| Appligapinh hhildhOphes &gpeNERight2of YHO10 nin
as 20 neasured at 190 C in accordance wth ASTM D-1238; and (EB-1) an

et hyl ene- but eneHedpal-gheB 26t (gderespendfante ¥xSe18atentuNact ured and sol d
by Mtsui Chemcals, Inc., Japan) which has an MFR of 0.5 g/ 10 mn as
measured at 1905G158 .8ed0r dHPeEaminRdASTRRRESe3Batent Applpegsaeni es of
conposi tions produced in the Exanpies and Conparative Exanples were
neasur ed and ev&?&ér@@eﬁySPﬁélﬁéPPG%PﬁgNﬁetﬁBBs63(1939§8daPﬁp&BPxéﬂrength

hed | zod 5 The | d
Coor fance.vi t h IRGRIBERSE5S, FFLeBie PPELLP RGP HiE-PERE: PeeSREardrn was
d 1 A D-638. (3).Fl d A
oot vad %onduc ted e 3@§p§§t B3 %40 I TReATHATIETELET cep CEREePYER R aut ng
hi ck f / h I hod
a thickness of L16,| @%L 157 AECBLIBNER WELN Ehe x,ggﬁp&a By 0l g chagTet ho

whi ch is descri in ge eri e., period of

time for which Hlﬁewh‘i ?1 %pﬁﬁk%ﬁ} e Bt P h‘gﬁ.g})h ésﬂgﬁ@r %‘!: ‘nt widh

exam ned whet her ripping uring Fe burnlng of

the test specingp %ﬁ%%&%&%teﬁh%ak%% é@l?oﬂguﬁtQgr&gakﬁ@%SThEQ%of

eval uation of the ane retardancy romthe nmeasurenent of
total of the te&sbweriltrl@m@%leadanofthte' PR ealdchkl W Libgeakeyren! ranadal

exam nation as to whether or not dripping of flamng particles occurred. 25
(4) Heatys esi st amGe ideid @eld an rearpabat Ukt efffdeted.43Alternatively,
the acid-modified polyphenylene ether resin can also be
produced by a method in which a polyphenylene ether
resin and an unsaturated carboxylic acid or a deriva-
tive thereof are dissolved in an organic solvent in the
20 presence or absence of a radical initiator to obtain a
solution, and a reaction is effected in the solution.
Examples of unsaturated carboxylic acids and de-
rivatives thereof include dicarboxylic acids, such as

maleic acid, fumaric acid, itaconic acid, halogenated

25 maleic acld, cis-4-cyclohexene-1,2-dicarboxylic acid



| oad) , The defl ection tenperature under |oad was neasured under a pressure
of 1.82 MPa in accordance with ASTM D-648. 5 (5) Fluidity (nelt flow rate)
The nelt flow rate was neasured at 250 C under a load of 10 kg in
accordance with ASTM D-1238. (6) Ml d rel ease characteristics During the
production of a test specinen by an 10 injection nolding, the degree of
easiness in the re | ease of the test speciﬁ@n and a runner fromthe nold
was visually observed. The nold rel ease characteristics were eval uated by
the followi ng cahtieehd@o-ELstbitgceasy, L ol) eb chasptéhe-2 £3tdspacbornl dad
runner 15 fromthe nold. O: It is slightly difficult to release the test
speci nen and ruaeed;f aohydhedes| deskerst amidesyaddfimidés 6D tkeéease the
test specinen and runner fromthe nold. 20 (7) Peeling resistance A tensile
t est speci nen havbung-mehbichkadsdiochrid8ylhchawhds proodncearbyxyhjecacen
nol di ng i n accordance with ASTM D-638. The test speci nen was repeatedly
fol ded. Then) thédsdeguek a$ sorfate peifli agdohethacepliesaci@decandn caused
by the folding of the test speci 44 men was visually observed and
eval uat ed by thesterkoandgamidesrpf: tlie abavetmaptioredcmopeeprhgxydic
observed. 0: Slight surface peeling is observed. 5 X: Marked surface
peel ing i s obsefgdls. (FHumhes cal sSaesratet IMPHEEES RHEd 1 FISTM
D- 638, a test sgecinen havi ng a thickness of 1/8 inch was produced_and the
ordinary tensilBestpefgif threapabprehed: earbepedifedcid hasthensaldd. Al so,
anot her test specinmen having a thickness of 1/8 inch was Braduced in
accor dance wit hdgSoNPPsedgahing, teRPRTaEHFS BEsYRiFBCFRENPTAHBERLP R Bfisil e
strength was neasured_as fgllo 1he tes sgec%gen was he n.a bar
B=dPLP5

. |.d
havi ng a shape 8F 2R1grBofdfiRg RO1BPBEPYSE Ft?8n°8Pch£?dTh3°bar
havi th i hel d t I d_ir hem cal t |
Uid moxtlr e bombPRg: fAe68mEng el BRF LB LepPangi oAl B8narnkea 8l top, '
i gh f | i -\ . . .
Specimen the 8 DUSerhEnsEl RaPHbRbu Y RBIRTRRCE akRaHEs L khERIEE 0

et 22; 1 on ( iTgag'_eUs@‘ad 135 thRepkatkAt( ThvBhti8AST | §poti LNIt deddPas t st ensile
such saturated carboxylic acids include malic acid and
citric acid, which can be used individually or in
15 combination.
In the present invention, the styrene resin used
in combination with the polyphenylene ether resin means
a styrene homopolymer obtained by homopolymerizing a
styrene compound, or a styrene copolymer obtained by
20 copolymerizing, in the presence or absence of a rubbery
polymer, a styrene compound and a compound which is
copolymerizable with the styrene compound.
When the polyphenylene ether resin and the styrene

resin are used in combination, the polyphenylene ether

25 resin/styrene resin weight ratio is preferably in the



(9) Ceneration of gas A resin conposition was subjected to blank injec 25
tion nolding test. The anmpbunt of a gas (white snpke) 45 generated from
the nolten resin conposition during the blank injection nolding test was
visual |y observed and evaluated by the following criteria: O The anmount of
white snmoke is small. 5 X The amobunt of white snoke is large. (10)

bl ack-colored inmpurity Wth respect to a t #Bul ar test speci nen having a
size of 50 mMmm x 90 mMm x 2.5 mm (thickness), the anpunt of a bl ack-col ored
impurity presentahber eEnfyes ¥0gadOtal b9/ dbseovedpréidrabtyefrabsadpsdon
test In an autoclave, a test specinmen having a thickness of 1/8 inch
produced in accaodangaow shiASTibbe6BBefiasabXpofedmt 3047@alPhdQ/RAQ- a
tenperature of 120 C un 15 der superatnospheric pressure for 96 hours. The
in crease in weight Bpethfiteskampiesnefi byyrére egxpopoveds hérebiideo st eam
for 96 hours was neasured. Further, with respect to the specinmen which had
under gone the expgsene,t o-seeagilboyréfehor 4,-dimethyddtimpaet 20 strength
and tensile strength thereof were neasured. Exanples 1 to 23 and
Conpar at i5ve ExampheshlorostyreneeaphmethEkahipreser PotestaRutrbApEraPPve
Exanmples 1 to 17, conponents as shown in Tables 1 to 6 and_ 25

tris(2, 4-di-t-bang QEBH}S)ZYﬁﬁﬁgphi Q% tRese stERTeRS FoMPARN YRy ST RRRE

t oget her, wherein the anmounts of the conponents were a sqg in Tables 1
to 6, and the adSuRPséf Preterred-iLxa ??ﬁ%%n??wp?ﬁ%é%HV Cha?TD. °part
by wei ght. The resultant m xtuyre m%% fed into a Emﬁn ) SﬁfEM/%ﬁér%d o
equi pped with aPS¥PERIRAPLRgYATH SHEEEPreoFOoOBBORRAS\ABFEPRS M8 THESE Fim
cylinder tenperatyre of the heatin yl i nder r t 2 n, the
m xture was mel F-Sll%ﬁé'édeﬁuﬁﬁd@rs 8‘8,’1}8??1 8‘%9' Eﬂlgﬁet ﬁg’(ar 8@%?% ?lg‘%hra -e{;? g of
the scr was 3Q0.rpm and,th t i.on e Lar . sLheraby
extrudiﬁg a strgﬁ&efr8ﬁFFﬁgr§f§?ué§F%q+%g’s?%ghdaﬁgéc%géﬁgaqgﬁégcgﬁﬁinto

pi eces) therebyn@%%%h&%ﬂ%nﬁtgﬁﬂkgt%ﬂgpgéﬁhiQﬁh&ﬁrﬁhﬁstp%ﬁbﬁfa@ebhg%%c The

obtai ned resin conmposition p S were subjeCted to injection nolding at

240 to 290 15 Q) tRArahw ObyaLRENgohEFhe FPEED TENSombEhnEs Bfe OBsbal NRd t est
speci mens, properti'es of the resin composi

combination with styrene compounds. The amount of the
copolymerizable compound is preferably 20 % by weight
15 or less, more preferably 15 % by weight or less, based
on the total amount.of the styrene compound and the
compound copolymerizable therewith.
Examples of rubbery polymers which can be used in
the production of a styrene copolymer include conju-
20 gated diene rubbers, conjugated diene-aromatic vinyl
compound copolymers and ethylene-propylene copolymer
rubbers. Polybutadiene and styrene-butadiene copoly-
mers are especially preferred. It is also preferred to
use, as a rubbery polymer, a partially hydrogenated

25 polybutadiene having a degree of unsaturation of from



tion were neasured and eval uated by the above-nentioned nethods. The
results are shown in Tables 1 to 6. 47 Tabl e 1 Exanpl esConparative

Exanpl es123412345( For rul ati on: parts by

wei ght ) PPE- 1696868686868686868H PS323232323232323232FR- 1202020202020202020H
SB-12.42.01. 51. 04. 03. 00. 5LDPE-11. 62. 02. 53. 04. 01. 03. 5(Properties) | zod

i mpact strength(kg cnfcn) 1012141377677Peel 2Rg r est s- O00000OXOXt anceMbl d

rel ease~0O00OXXOXCOchar act eri sti csChemi cal s rests-3540454220250250t ance (%
Tabl e 2 Conpar agoveo Exany BExanp| gsSpyesbATBOTS NIeiny | at £08: PaL 1150y

wei ght ) PPE- 16868686868686868HI PS3232323232323232FR- 12022222222222222HSB- 12.
42.01. 51. 04. 03. 86nb&kt 14£ 620 02. &63. Mdrd1. 03. 5(Properties) | zod

i npactstrength(kg cnlcm 111315147677Fl ane

r et ar dancyV- 0V- 0V- 0\sae DA @ \eamiRes | 6 s tesd se GREDNEOM menedd | £

rel easeOO00OX0XCchar acteri sticsChem cal s rests-32404245250260t ance (% 48
Tabl e 3 Exanpl epGbyptyn¢ne cafd aaptes®9d0Iid21816d 1@ yotymémé j on: sPpast s by
weight) PPE-1 75 75 75 75 75 75 75

75H PS2535252525e88526FRL A 515154 54oUaIFISHSEAI Ir&4in) . &id 541SB1de 5HSB- 33. 5
1. 5HSB- 41. 5LDPE- 12. 02. 02. 02. OLDPE- 22. OLLDPE2. OPP2. O( Properti es) |zod i npact
strength , (kg ¥@ieh§rcad syyrene-acrylonitrile copolymer (ABS resin);

and styrene copolymers other than mentioned above. Of
these styrene resins, from the viewpoint of an improved
compatibility with the polyphenylene ether resin, a

10 polystyrene and a rubber-modified polystyrene are pre-
ferred.

The flame retardant (B) used in the present inven-
tion is comprised mainly of at least one member se-
lected from the group consisting of a condensed phos-

15 phoric ester (I) and a condensed phosphoric ester (II),
respectively, represented by the following formulae (I)

and (II):

Q") (R") n4 (Q*) .4

R4
(1) a
@\ (R?) ., @\ an

(Q2%) s (Q%) s



13 12 16 10 10 7Peeling resis- tanceOOOOOCOXXMWbl d rel ease

characteristi csCQpOOXOO 49 Tabl e 4 Exanpl es14151617( Fornul ati on: parts by
wei ght ) PPE- 175757575H PS25252525FR- 115151515HSB- 11. 51. 51. 5HSB- 21. 5EP- 12. 02.
OEP- 22. OEB- 12. O(Properties)lzod inpactstrength(kg cmcnm 15161617Peel i ng
rest s- 0000t anceMol d rel easeOO00Cchar act eri stics 50 Table 5

Exanpl esConpar ati ve Exanpl es1819201314151622( Formul ati on: parts by wei ght)
PPE-1 80 60 60 80 60 60 55

55H PSZO40402040404E45FR— 11024102424FR— 224FR- 31414HSB— Jnl 51 51. 5HSB- 33. 53. 5
3. 5LDPE- 12. 02. 02. (RPteperti es)

lI Iol
0-P-0 0-P-0¥p

!

o)

(Q?) o Q% s

(I 1)

wherein each of Ql, 92, 03 and Q4 is a sub-
stituent and independently represents an al-
5 kyl group having 1 to 6 carbon atoms; each of
Rl and R2 is a substituent and represents a
methyl group; each of R3 and R4 independently
represents a hydrogen atom or a methyl group;
n has an average value of 1 or more; each of
10 nl and n2 independently represents an integer
of from 0 to 2; and each of ml, m2, m3 and m4
independently represents an integer of from O
to 3.
Each of the condensed phosphoric esters (I) and
15 (II), respectively, represented by the above-mentioned
formulae (I) and (II), is comprised of a plurality of
molecular chains. In each molecular chain, n repre-
sents an integer of 1 or more, preferably from 1 to 3.

In each of the condensed phosphoric esters (I) and (II),



| zod jnmpact strength (kg cmcm 14 13 12 9 7 9 12 14Peeling

resi st anceOO00O00OCK! ane ret ardancyV- OV- OV- OV- OV- OV-0V- OV- Oxeat resi stance
(©)130909013090909090Cener ati on of gasOOOOOOXX Tabl e 6

Exanpl es212223( Fornul ation: parts by weight) PPE-1 80

60PPE- 260HI PS204040FR- 1102424HSB- 11. 51. 51 5EP- 12. 02. 02. O( Properties) |zod
i npact strength (kg cmicm) 15 14 24

n has an average value of 1 or more.

The condensed phosphoric ester (I) is more advan-
tageous than the condensed phosphoric ester (II) in the
following points. In the melt-kneading for producing

5 the polyphenylene ether composition of the present in-
vention, generation of a black-colored impurity is
unlikely to occur when the condensed phosphoric ester
(I) 1s used, as compared to the case wherein the con-
densed phosphoric ester (II) is used. Generation of

10 the black-colored impurity is considered to occur due
to a decomposition reaction or dehydration reaction of
a condensed phosphoric ester. Further, the condensed
phosphoric estexr (I) is advantageously low with respect
to water absorption as compared to the condensed phos-

15 phoric ester (II), wherein the water absorption causes
a lowering of the dielectric properties (i.e., dielec-
tric constant and dielectric loss tangent) of the poly-
phenylene ether composition.

Of the above-mentioned condensed phosphoric esters,

20 especially preferred is a specific form of condensed
phosphoric ester (I) wherein each of the substituents
0l, 02, 03 and 94 is a methyl group; each of ml, m2, m3
and m4 (which respectively represent the numbers of the
substituents Ql, 02, 03 and Q%) independently repre-

25 sents an integer of from 0 to 3; each of nl and n2



16Pee] i ng resi stanceOOCF| ane ret ardancyV-0V-0V-OHeat resistance

(C) 1309090Fl uidity (g/10 min)3 42 4Ceneration of gasOOO 51 Exanples 24
and 25 I n each of Exanples 24 and 25, a strand of a pol yphenyl ene et her
conposition was extruded using a tw nscrew extruder having a screw di aneter
of 40 mmand an 5 L/ D of 46 under conditions wherein the maxi mum cyl i nder
tenmperature of the heating cylinder was predet at 320 C, the revol ution
rate of the screw was 300 rpm and the extrusion rate was 100 kg/hr. The
extruded strand (Was ceoekageandvellyy rBpeeBba€CEhet REMBBY sPbEdURENgUB-10

pol yphenyl ene ether conposition in the formof pellets. In the production
of the pol yphengheraeatBeR' GO TSI ed¢WNrPelé &5 1N NP aNEtHBL agrSENNLs N
Table 7 and tris(2,4-di-t-butyl phenyl) phosphate as a stabilizer were fed
to the extruder g, Waahi Bt R apauUR¥SreprbBentd GOMBERGN! grvApe aadshown in
Tabl e 7 and the anount of tris(2,4-di-t-butylphenyl) phosphate was 0.3 part
by wei ght, and dhekeich cbhadehasd phbapHamticwasteedmbdethéaexthader ishr ough
an inlet provided at a portion of a barrel of the extruder and the
conponentss ot hefrlman 20 Bhe Ihatie rabheveamentiboredespecifhe BoxmudEr

t hrough a hopper of the extruder. In each of Exanples 24 and 25, the
extruder was opepadedsedr pholspbogior estey, (3nd 3tkdsofspieipddiynpre-
conposition pellets obtained after 2 hours of operation of the extruder
were used as safgiraedf ¢ha2s theapmaupigofh@hgsppertice sérrt KBaiasi R

conposi tion. 52 The resin conposition pellets obtained by the

abovenent i oned éﬁﬁﬂﬁ@@oﬁlﬁnﬁéigglﬁasnsaﬁjécﬂ§d5po%iﬁFé@PF@n nbFdifig at 290
C, thereby obtaining test specinens. Using the obtained test specinens, the
properties of 5PREEFEfREHH dhe SPRELNESHBLOSPOR TS £5FELs WP dRd

eval uated by the_above-nentioned nmethods. The results ar% %h wn in Table 7.
Tn the P& yphenfPEn®@ressat dovs8sitroRas: d8udsd 'Naéﬁﬁnﬁle 24 °F WSEH t he

d d ph i t FR.10 1 i.sed i nl f hi,sdi |
phosphate of bi Sgife 6 on Wi S SO PSR PR ity
(which is Tikely/q bg gensral gd wien 4 K}%ﬁ%ﬂﬂgﬁ@gﬂ%{&aaﬁm o %qgrﬁ

of the polyp t her

r
stability) is small,” as conpared to0 fhe case enyl ene

conposi tion progggﬁgégﬂﬁ%fﬁgigggl%f2§5t%§g#dﬂw SArfenseddahggphori c

ester (FR 4) co bi sdi phenyl phosphate of resorcinol was

used. Al'So, in the GOMNOSIHY WhePeduaed dohpRtARRE htdiRR GOt J ra ease

ratio (~) of the conposition (wherein the weight increase ratio was

measured 20 by theAhAE-JFERHHORRM A6 HIYIHIAk et i smgghyedl y

smal |, as conpared to the case of the conposition produced in anpl e 25.

Further, in the gHyRAsdd @tHy0teEahd Anloafdatid dhedionel icthddnsed
mechani cal strength is snmall, as conpared to the case of the com 25

posi ti on producghdgprodplestdh. (lespesciainyi dearee ddrEnsed PHdspheoniposi ti on
(produced in Exanple 24) which has a markedly snmall water absorption wei ght
i ncrease rati o edtidan t(sl)axdaviag adi @adat niadys apferd.ilepr siests dasdiedectric
| oss tangent, as conpared to those of the 5 conposition produced (in
Exanpl e 25) whi clelienta diglgetric properties because such a poly-

20 phenylene ether is not susceptible to hydrolysis (i.e.,
is not susceptible to absorption of water). When the
acid value of the condensed phosphoric ester is large,
the following disadvantages are likely to occur. Dur-
ing the molding of the polyphenylene ether composition,

25 not only is the mold easily corroded, but also a large



wat er, absor pti on wei ght increase ratio. 54 Table 7

Exanpl es2425( Formul ati on: parts by

wei ght ) PPE7775H PS2325FR- 114. 5FR- 411. 5HSB- 22. 32. 3LDPE- 12. 32. 3Anount of a
bl ack-smal | | argecol ored i npurityProperti esBeat resistance (C)118Z190of the
comlzod inpact strengthpositionbefore wa-(kg' cnicm13.215.9ter
absorp-Tensile strength 668 643ti on(kg/ cn® It flow rate

(g/ 106, 15. 3m n) Wi ght increase ratio 1.2 10.0(wei ght % Propertieslzod

i mpact strengt hahotthé ofngkgisnfendid4t8d2sBposi thenpblybhéery®aheon ratio
(%) (112 %9 (67 %Yer a er waabsorptionTensile

strengt h(kg/ cnzgibés646r eashilyodecanposéd) ) (FAdStREX 3816 polyFhd iy léGTdRl AL
APPLI CABI LI TY The pol yphenyl ene ether conposition of the present invention
is friendly to ehbeenepmposihiohbetausestéptpblgphengbsaoeptiber ofowptberti on
contains neither a 5 hal ogen conmpound nor an antinony conpound as a flanme
retardant. Al so(stheeptlibphehyl bpdrelpsistonposthabntbé @helpcesint

i nvention retains good heat resistance, nechanical characteristics and

di el ectribc properebestikbchfathei phéyphehylpnesetbed bympopbtypheaykene
ether 10 resin. Further, the pol yphenyl ene ether conposition of the present
i nvention, in tAéspAyaptpencrslyi hgweredeof, has excel lent nold rel ease
characteristics and |s sub stantially free fromgeneration of a gas and
from adhe sion of thEnfF%ﬁepF%F%FHa%?V%%H%%PneHh?h@P%Pﬁtt%ftH@elglﬁﬁﬁd, o)

Shor tencd. Furt REFSRORBE (A bRYERonS! GREPLLAER BBABGE OFoR GPIARBSBRe
sent invention gl 89,085, ¥ ghLeN 1 SNEMLER) S5e3hohaNES ADY,EXGRL! ent T mpact
resi st ance.
10 preferably from 3 to 30 parts by weight, relative to
100 parts by weight of the component (A) (i.e., the
polyphenylene ether resin or a combination of the poly-
phenylene ether resin and the styrene resin). When the
amount of the flame retardant (B) is less than 1 part
15 by weight, thé polyphenylene ether composition has no
flame retardancy. On the other hand, when the amount
of the flame retardant (B) is more than 40 parts by
weight, disadvantages are likely to occur not only in
that the flame retardancy of the polyphenylene ether
20 composition does not show any appreciable improvement
over the case where the amount of the flame retardant
(B) is 40 parts by weight or less, but also in that the
mechanical strength and heat resistance of the poly-

phenylene ether composition are impaired.

25 The above-mentioned flame retardants are generally



20 By, adjusting the heat resistance and flanme retar dancy of the

pol yphenyl ene et her conposition of the present invention to a desired

| evel , the pol yphenyl ene et her conposition of the present invention can be
advant ageously used in application fields in which good 25 heat resistance,
flame retardancy and dielectric prop 56 erties are required. For exanple,
t he pol yphenyl ene ether conposition of the ZFesent invention can be used as
materials for articles, such as housings of electric appliances, and

electric and el eehieiiceatoRpanantabdeWhi Etari PesiSeE tomhéecadDye- nent i oned
application fields. Further, in order for the above-nentioned articles to

be light in weightaiaadlal soalme kethiidanvsl badlutdbecpoluphecyrt-ene,echer
conposition of the present invention can be advantageously used. 10 57
CLAI M5 1. A pol yphsnphaneXetber (¢aagesntmes )corpehsmagufaetupart andy wei ght
-of (A) a polyphenylene ether 5 resin or a conbination of a pol yphenyl ene
et her resin andsalst pyedaihashh, ChetndcdQ padustiby @ei.ghl.tdf. ,( Bapanf. | ane
retardant which is conprised mainly of at |east one nmenber se |ected from
t he group consi stingThke hAydondenatddphdeckOcphoilymers{€) (bpdamnd &he
condensed phosphoric ester (lI1), respectively, represented by the foll ow ng
formul ae (1) angresent (Qvenkren( Rs~dpfaned( @) ahyddoBe@adioR @rodgcek O O
Ra~ O (R2)n2 (I) and (Q)nm2 (Q@)nB 58 (@)m~ (R-)ni (Qa)ma O O
of a non-hydrogenated block copolymer comprising a po-
lymerized styrene block and a polymerized conjugated
diene block, wherein at least one polymerized styrene
10 block has a number average molecular weight of 15,000
or more. By the hydrogenation of the non-hydrogenated
block copolymer, the unsaturation degree of the polym-
erized conjugated diene block is lowered generally to
40 % or less, preferably to 20 % or less. The hydro-
15 genated block copolymer (C) can be produced by a con-
ventional method. Examples of such conventional meth-
ods include methods which are disclosed in Unexamined
Japanese Patent Application Laid-Open Specification Nos.
Sho 47-11486, Sho 49-66743, Sho 50-75651, Sho 54-126255,
20 Sho 56-10542, Sho 56-62847 and Sho 56-100840, GB Patent
No. 1130770, U.S. Patent Nos. 3,281,383 and 3,639,517,
GB Patent No. 1020720, and U.S. Patent Nos. 3,333,024
and 4,501,857.
The hydrogenated block copolymer is produced by

25 hydrogenating a non-hydrogenated block copolymer com-



O P-OO P-OI I OO(Il) (@)n2 (B)nB wherein each of QL, @, B and &4
is a sub stituent and i ndependently represents an al 5 kyl group having 1
to 6 carbon atons; each of R and R2 is a substituent and represents a

met hyl group; each of R3 and R4 independently represents a hydrogen atom or
a nmethyl group; n has an average value of 1 or nore; each of 10 nl and n2

i ndependently represents an integer of fro@dB0 to 2; and each of m, n2, nB
and m} i ndependently represents an integer of fromO to 3, 0.3 to 10 parts
by weight of (Qrasiydr90sopiheriRed! SE¥r&nDOb YOEE UKD 4Spseineedzas a
hydr ogenati on product™of ‘a bl ock copol ynmer conprising a~polynerized styrene
bl ock and a p0|¥8ﬁ5h%§9e&0@i&ﬂétSﬂoéke@? WhOEK n WIS ehfaRégéRatioRNes

pol ynmeri zed styrene bl ock has a nunber average nol ecul ar wei ght of |5, 000

or nore, and ebBeftdatwiiR ﬁeﬁﬁécbyt@etmétbxﬁckfﬁ.giﬂxamgméﬁidf'resin,
wherein the weight ratio of said conponent (C) to said conponent (D) is

from 70/ 30 to 1R685hy8rdged@te@ObyYPORNYOLOEYRENS! i COIPAST tPhedecording to
claim1l1l) wherein said flane retardant (B) is conprised mainly of said
condensed phospbontagaséerdiéne Blodkecppd ypheny | leaeirg hielocknpostigon
according to 10 claim 1, wherein said flanme retardant (B) is conprised

mai nly of sai d ranflensedephespghtedcbestiee formulde chXfasXanXa¥+¥-VYal ue of
0.1 or less. 4. The pol yphenyl ene ether conposition according to 15 any one
of clains 1 to 8X-¥hesre8in drik 2iHudtS-2f 3ai d byefegerdt edampdek ofogol yrer
(C and said polyolefin r resin (D) are, respectively, 0.5 to 3 parts by

wei ght and 0.5 conjugated @yenei ghherandanhee ehenthenedi puntadiene.of said
conponent (C) to said conponent (D) is 20 from60/40 to 15/85. 5. The

pol yphenyl ene eWheh Eeapestttenthecviaragtrechnyeone brecraimseriegds,
wherein the amounts of said hydrogenated bl ock copolyner (C) and said

pol yol efPn 25 r€§Pﬂu92$egr@}GFESBEEFFveFQ?rE.SSt%°3P%EF%§ porwtighta-

tion. However, with respect to the 1,2-vinyl bond con-
tent of the polymerized conjugated diene block, the
content is generally from 2 to 60 %, preferably from 8
to 40 %.
15 It is required that, in the non-hydrogenated block
copolymer, at least one polymerized styrene block have
a number average molecular weight of 15,000 or more.
It is preferred that at least one polymerized styrene
block has a number average molecular weight of 20,000
20 or more. It is more preferred that the or each polym-
erized styrene block in the non-hydrogenated block co-
polymer has a number average molecular weight of 15,000
or more.
In the present invention, the molecular weight is

25 determined by gel permeation chromatography (GPC) using



60 and 0.5 to 4 parts by weight, and wherein the weight ratio of said
conponent (C) to said conponent (D) is from55/45 to 25/75. 5 6. The

pol yphenyl ene et her conposition according to any one of clains 1 to 5,
wherein sai d hydrogenated bl ock copolyner (C), in terns of a

non- hydrogenated formthereof) conprises a polynerized styrene block and a
pol yneri zed but adi ene bl ock, wherein the wedyht ratio 10 of said

pol ymeri zed styrene block to said polynerized butadi ene block is from 40/ 60

to 70/30. 7. The pelliphetibaneuetebbtaibed wieR 2espeaikNgot 8+aRKa2Re Of
clainms 2 to 6, wherein said polyolefin resin 15 (D) s a pol yethylene. 8.

The pol yphenyl emeneidiepezeappsillyistyraneokenplesOnad¥ngnNprelietkaihed t0 6,
wherein said polyolefin resin (D) Is a Low density polyethylene. 20 9. The

pol yphenyl ene ewmodecodaposet ighisacahetdiedg tetaayyareratasal akMuskdt @sba
wherein said polyolefin resin (D) is an ethyl ene-propyl ene copol yner. 25

10. The pol yphesplaeatet hBine coupbst t dverage afici dguiar wélgRhYoPNEndf ol ai s
1 to 9, wherein said polyphenyl ene ether resin (A is

pol y( 2, 6-5di met hglach, popymeyliend) séyrenewbilobkhaanabe~gptainbdf agme@i13 to
0.7 as measured using a chloroform solution thereof having a tenpera 5 ture
of 30 C, and hado#s -MIh punber cdvérage n@léecuFan), weldgiti of Mhés t he

wei ght average nol ecul ar wei ght of the poly(2, 6-dinethyl-1, 4-phenyl ene)
ether and M i sPyR&EcHeRBERLdabEPalecrpPdYIRAr ineinghAtupedt hg GPC using a

pol y(2, 6di met hyl -1, 4- phenyl ene) ether and wherein each of the 10 Mv and M
i s deternined bfadePrptirBacrERecRPSARREEr Hihyreepertutpngtandardbr ati on
curve obtained with.re spect to standard nonodi sperse pol ystyrene sanpl es.
AU, . A, . A AA, . RORRALZRSREE RRLKSTRreRe aampleg. AEhen . Ame mumber Mmv-

10 erage molecular weight of the or each polymerized sty-
rene block is calculated from the above-obtained number
average molecular weight of the hydrogenated block co-
polymer in terms of a non-hydrogenated form thereof and
the weight ratio of the or each polymerized styrene

15 block to the non-hydrogenated block copolymer.

In the non-hydrogenated block copolymer, the
weight ratio of the polymerized styrene block to the
polymerized conjugated diene block (preferably polymer-
ized butadiene block), the number of the polymerized

20 conjugated diene block(s) and the number average mo-
lecular weight of the or each polymerized conjugated
diene block are not specifically limited so long as at
least one polymerized styrene block in the non-
hydrogenated block copolymer has a number average mo-

25 lecular weight of 15,000 or more. However, the amount



JALCAA LA LCAA A LA AU LA LAA L AA LA A AU AA LA A& LAU LA, AN LA A
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DT, e>| }/ <LMO

Yi BD{ vqgl ga\ W ca] ca] c*a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] cal]ca]ca]calc
a] ca] ca] ca] ca] ca] cRa] cMa]ca]ca] c”alcRa]jca! 91" X

ElFIH U "#RY%e&g&D " (% >() v*} xsni crY] ] ca] c8Pc”a] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! v*++- a
/1 0010P0g00001Kd# 1dild 16@PRReRRALBYS 0} Lol d/] B Gl bl ad aadeal cal] cal caij cal
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]c”a]ca]ca] ca! H3333
4CAx4445H5] 55568ydrogenated block copolymer is preferably from 25 to

656} 666671 7y77788888%$9X9} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

ca] ca] ca] ca] ca] sa] sabpajergicn] andra]meg Lo 4l ¥ of war o] ceg CB XPINPS: Ci 11 20 g;
<1<7< <=>[ CUaEBHNs &G ntal_F) ch] oy wal glal ced ta | vedpmedttafeal cal caj

ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! EEEFFFMFz
FFFGGGTI § KL L>M\Piy PSR RYGR SHie- Tibh Mmvéari/A8 & seontj W aied & al berle d badkh] ca] ca]
cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]
cal yWKXoYZ[ [ [\ ] hased eBarzeabbdtsl weteht dolddbuedxbymelr Med) stjrenea) c

a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca]ca]c
a] ca] ca] ca] ca! Sbkeecldecard hé ypé e 8k ¢d | poppgated diene block (pref-

st ! uVu. v3wew} xsni d_Z] cU] ca] ca) ca ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] @838y cegtaenl zed kY tadtene ftet®iv xsxM9{ {

[\ [ n]~\SVj,]UVIxsnid Z] cU ca]ca] ca] ca] ca] ca] cal ca ca] cal ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] calRafRa ] ReS el bR g cHie ) V@% d Z]cUc

2 cal ﬁi]ﬁgi EZ]E So 2 eRkaRt %ﬁkwiz} %%?]cg]tgg]ca]g%]%g]%]cg]gg] ol
e gay] e} et d a%ﬁ%%ﬂ%%% PG P LT LR e LR e el o
]ca]ca]ca]ca]c %E# %g% 1%‘] goa]&?a] E?a ‘?(] 6: Nal "N\ . 47{~1;

Z ca ca

d} K% =w} xsni d ca] cal ca ca] ca] ca] ca] ca] ca] ca]ca]ca]ca

1523]\/5?] \?ﬂ ;2{ \C/aU]] gg] gg%lj f%{ﬁgﬁgﬁaﬁgﬁg{gﬂ ca&}%g]] ca] ca]%r ]]lca] ca] ca]

ca] ca] ca] ca] ca] £y endl 6] CahERd CRAL ADE LS ONEOR desin hayin

B vpkfa[ VI ga\ V] cal] ca] ca] ca] cal ca] ca] ca] calca ca] ca] ca] ca] cal ca ?caU] ca
] caU] cajga] ca] cahcakkcahept] £8dkatse FadbkCAL6R 0.1 to 50 g/10 min,

QR kuxdt ~I & azupkfa\ W] ca] ca] ca] ca] cal ca] ca] ca] ca] cal ca] ca] ca] ca] ca] cajcalc
a] ca] ca] ca] ca] cpteadteabry] £a8de" @] zatsarh cgl calhoa! N&S kkbashxsai €€ X1 $4) ca] ca
U] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]c
a] ca] ca] ca] ca] ca} aalder ad.ciNgexsnixs Ad W eajoalcalwawajicalsmt ap] caj ca) ¢
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal E~*eh?v
OP} xsni d_z] ] U | tap8a] dedaum)loey oef] qed oy lowef] dom | o ioed cldl] Jcajsoa cla) dajeca] ca) ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca9nobCY%0% h&' ()-!2 10%h& () - S10%
h& () Ys10% h& preseniioonest{iyn 199@h18ﬂ?)PQbY¢JﬂdEle11©% sgcl)ag & 10%o

& ()-F 110% h& 9(!) 3 S10% h& (21 3  @0% h& ()-10%

h& () T28>yz{| } apEibys Rolyethylene, a high density polyethylene or a

linear, low density polyethylene; polypropylene; an

ethylene-propylene copolymer; and an ethylene-butene
copolymer. Of these polyolefin resins, a low density
polyethylene and an ethylene-propylene copolymer are

25 preferred.
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polymer is not adversely affected. In the copolymer,
the ethylene monomer unit/propylene monomer unit ratio
or the ethylene monomer unit/butene monomer unit ratio
is not specifically limited. However, the content of
10 the propylene monomer unit or butene monomer unit in
the copolymer is generally in the range of from 5 to 50
mol %. These copolymers are generally commercially
available. As an example of such commercially avail-
able copolymer, there can be mentioned Tafmer (trade
15 name; manufactured and sold by Mitsui Chemicals, Inc.,
Japan) .
The above-mentioned olefin resins can be used in-
dividually or in combination.
The essential feature of the present invention
20 resides in that a specific amount of a specific hydro-
genated block copolymer as the component (C) and a spe-
cific amount of a specific polyolefin resin as the com-
ponent (D) are incorporated into a polyphenylene ether
resin which is caused to have flame retardancy by in-

25 corporating thereinto a condensed phosphoric ester.
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0 defined as a hydrogenation product of a block copolymer
comprising a polymerized styrene block and a polymer-
ized conjugated diene block, wherein at least one po-
lymerized styrene block has a number average molecular

10 weight of 15,000 or more. It is preferred that the
amounts of the hydrogenated block copolymer (C) and the
polyolefin resin (D) are, respectively, from 0.5 to 5
parts by weight and from 0.5 to 5 parts by weight,
relative to 100 parts by weight of the component (A).

15 It is more preferred that the amounts of the hydrogen-
ated block copolymer (C) and the polyolefin resin (D)
are, respectively, from 0.5 to 3 parts by welght and
from 0.5 to 4 parts by weight, relative to 100 parts by
weight of the component (A). When the amount of the

20 component (C) or (D) is more than 10 parts by weight,
disadvantages are likely to occur not only in that the
excellent mechanical characteristics (such as tensile
strength, flexural strength and flexural modulus) which

have been achieved by the use of a combination of the

25 polyphenylene ether resin and the condensed phosphoric
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versely affected. On the other hand, when the amount
of the component (C) or (D) is less than 0.3 part by

5 weight, it is virtually impossible to improve the im-
pact resistance, mold release characteristics and
chemicals resistance of the polyphenylene ether compo-
sition.

In the present invention, the weight ratio of the

10 hydrogenated block copolymer (C) to the polyolefin
resin (D) is 70/30 to 15/85. However, from the view-
point of remarkably improving the impact resistance, it
is preferred that the weight ratio of the hydrogenated
block copolymer (C) to the polyolefin resin (D) is from

15 60/40 to 15/85, more advantageously from 55/45 to 25/75,
still more advantageously from 50/50 to 30/70. When
the amount of the polyolefin resin (D) is less than 30
parts by weight or more than 85 parts by weight, rela-
tive to 100 parts by weight of the total of the compo-

20 nents (C) and (D), the impact resistance, peeling re-
sistance, mold release characteristics and chemicals
resistance of the composition are likely to be poor.

By incorporating an inorganic filler (such as a

glass fiber, a glass flake, kaolin clay or talc) or a

25 fibrous reinforcing agent other than mentioned above
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fluidity and heat resistance can be obtained.
For the propose of imparting a property other than
5 mentioned above to the polyphenylene ether composition
of the present invention, the composition may contain
an additive other than mentioned above, so long as the
essential effect of the present invention is not im-
paired. Examples of additives other than mentioned

10 above include a plasticizer, an antioxidant, a stabi-
lizer (such as an ultraviolet absorber), an antistatic
agent, a mold release agent, a dye, a pigment and other
resins. The additive is used in an amount which is
conventionally used. For the purpose of further im-

15 proving the flame retardancy of the polyphenylene ether
composition of the present invention, the resin compo-
sition may contain at least one member selected from
the group consisting of conventional flame retardants
and auxiliary flame retardants. Examples of such flame

20 retardants and auxiliary flame retardants include mag-
nesium hydroxide containing water of crystallization,
aluminum hydroxide containing water of crystallization,
zinc borate compounds, zinc stannate compounds, and

inorganic silicon compounds, such as silica, kaolin

25 clay and talc.
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kneading a mixture of the components of the composition

using a kneader, such as an extruder, a heating roll, a
kneader or a Banbury mixer. From the viewpoint of pro-
ductivity, it is preferred that the kneading of the
mixture is conducted using an extruder. The tempera-
10 ture employed for kneading the mixture can be chosen
according to the temperature at which the molding of
the base resin (i.e., polyphenylene ether resin (A)) is
preferably conducted. The kneading temperature is gen-
erally in the range of from 200 to 360 °C, preferably

15 from 240 to 320 °C.
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scribed in more detail with reference to the following
Examples and Comparative Examples, which should not be

5 construed as limiting the scope of the present inven-
tion.

The components used in the Examples and
Comparative Examples are as follows.
(A-1) Polyphenylene ether resin:

10 (PPE-1) poly(2,6-dimethyl-1,4-phenylene) ether which
has an nsp/c of 0.51 as measured using a chloroform so-
lution thereof having a temperature of 30 °c, and has a
weight average molecular weight/number average molecu-
lar weight ratio (Mw/Mn ratio) of 2.8; and

15 (PPE-2) poly(2,6—dimethyl-1,4—phenylene) ether which
has an mgp/c of 0.53 as measured using a chloroform so-
lution thereof having a temperature of 30 °C, and has a
weight average molecular weight/number average molecu-
lar weight ratio (Mw/Mn ratio) of 2.1.

20 (A-2) Styrene resin:
(HIPS) a rubber-modified polystyrene comprising a ma-
trix polystyrene and a rubber component, wherein the
rubber component content is 9 %, the matrix polystyrene
has an mgp/c of 0.70 as measured using a toluene solu-

25 tion thereof having a temperature of 30 °C, and the
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5 try Co., Ltd., Japan) which has an acid wvalue of 0.05

and is comprised mainly of bisdiphenyl phosphate (n =
1) of bisphenol A represented by the below-described
formula (V) and contains small amounts of bisdiphenyl
phosphate (n = 2 or 3) of bisphenol A and triphenyl-

10 phosphate (i.e., below-described compound (F-3)):

(FR-2) a condensed phosphoric ester (trade name: PX-
200; manufactured and sold by Daihachi Chemical Indus-

15 try Co., Ltd., Japan) which has an acid value of 0.2
and is comprised mainly of bisdixylenyl phosphate (n =
1) of resorcinol represented by the below-described

formula (VI) and contains small amounts of bisdiphenyl
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5
(FR-3: comparative flame retardant) triphenyl phosphate
represented by the following formula (VII) (trade name:
TPP; manufactured and sold by Daihachi Chemical Indus-
try Co., Ltd., Japan):
1
]
5 (VII)
10

(FR-4) a condensed phosphoric ester (trade name: CR-

733S; manufactured and sold by Daihachi Chemical Indus-
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(VIII) and contains small amounts of bisdiphenyl phos-

5 phate (n = 2 or 3) of resorcinol and triphenyl phos-

phate (i.e., above-described compound (FR-3))

(VIII)

10 (C) Hydrogenated block copolymer (HSB):
(HSB-1) a hydrogenation product of a styrene-butadiene
block copolymer which contains two polymerized styrene
blocks each having a number average molecular weight of
about 24,000 and which has a 1,2-vinyl bond content of
15 36 %, wherein the hydrogenation product has a number
average molecular weight of about 80,000;
(HSB-2) an oil-extended rubber which is comprised of a
paraffin hydrocarbon having a molecular weight of about

800 and a hydrogenation product of a styrene-butadiene
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content of 35 %, wherein the styrene-butadiene block
copolymer has a 1,2-vinyl bond content of 35 % and con-
tains two polymerized styrene blocks having number av-
5 erage molecular weights of about 27,000 and 32,000,
respectively, and wherein the hydrogenation product of
the styrene-butadiene block copolymer has a number av-
erage molecular weight of about 170,000;.
(HSB-3) a hydrogenation product of a styrene-butadiene
10 block copolymer which contains two polymerized styrene
blocks each having a number average molecular weight of
about 10,000 and which has a 1,2-vinyl bond content of
36 %, wherein the hydrogenation product has a number
average molecular weight of about 50,000; and
15 (HSB-4) a hydrogenation product of a styrene-butadiene
block copolymer which contains two polymerized styrene
blocks having a number average molecular weight of
about 8,000 and 7,000, respectively, and which has a
1,2-vinyl bond content of 41 %, wherein the hydrogena-
20 tion product has a number average molecular weight of
about 43,000.
(D) Polyolefin resin:
(LDPE-1) a low density polyethylene having an MFR of 20
g/10 min as measured at 190 °C under a load of 2.16 kg

25 in accordance with ASTM D-1238;
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0.4 g/10 min as measured at 190 °C under a load of 2.16
kg in accordance with ASTM D-1238;
(HDPE) a high density polyethylene having an MFR of 1.3
5 g/10 min as measured at 190 °C under a load of 2.16 kg
in accordance with ASTM D-1238;
(LLDPE) a linear, low density polyethylene having an
MFR of 1.2 g/10 min as measured at 190 °C under a load
of 2.16 kg in accordance with ASTM D-1238;
10 (PP) a polypropylene having an MFR of 1.5 g/10 min as
measured at 190 °C under a load of 2.16 kg in accor-
dance with ASTM D-1238;
(EP-1) an ethylene-propylene copolymer (trade name:
Tafmer® P-0280; manufactured and sold by Mitsui Chemi-
15 cals, Inc., Japan) which has an MFR of 2.9 ¢g/10 min as
measured at 190 °C in accordance with ASTM D-1238;

(EP-2) an ethylene-propylene copolymer (trade name:

Tafmer® P-0680; manufactured and sold by Mitsui Chemi-

cals, Inc., Japan) which has an MFR of 2.9 g/10 min as
20 measured at 190 °C in accordance with ASTM D-1238; and

(EB-1) an ethylene-butene copolymer (trade name: Taf-

mer® TX 610; manufactured and sold by Mitsui Chemicals,

Inc., Japan) which has an MFR of 0.5 g/10 min as meas-
ured at 190 °C in accordance with ASTM D-1238.

25



5100 & ()- 9310% & ()-1 F1 10% & ()-f/110% & ()-:my}[9nbC 1
FOSLY10%& ()-t!SLY10% "j"& ()-t! SLYLOYNN& ()-t!JSLY10¥%ssss& ()-tY
10% & ()-Y, 10% & ()-}}[9nbC 1 !'s' 3109 "& ()-!(
$'310%"& ()-1Js"310% : & ()-1 ,10% & ()- sS10% & ()-!SLY10O%& ()-t bC 1 !F
S:10% & ()- 10% & ()- 10" 10" 10" 510% & ()-
310% & () - &&010% &' () - HX*"k} [ <bC 1 !$10@6&f@ﬂ-!|‘10@6\&f()- 77 109%8%& () -
<" 10%b& ()- 3 10% & ()- '10% & ()-s{|}~xnmbC 1 '10% & ()- 10\ 10\ 10\F
T010% & ()-F "~ 010%&ptdpbrt188t & (¢ompositions produced in the Exam-
ples and Comparative Examples were measured and evalu-
ated by the following methods.
(1) Izod impact strength (notched Izod impact
5 strength)
The Izod impact strength was measured in accor-
dance with ASTM D-256.
(2) Tensile strength
The tensile strength was measured in accordance
10 with ASTM D-638.
(3) Flame retardancy
A burning test was conducted with respect to an
injection-molded test specimen having a thickness of
1/16 inch in accordance with the vertical burning
15 method which is described in UL-94. The burning period
of time (i.e., period of time for which the test speci-
men was burned) was measured, and it was examined
whether or not dripping of flaming particles during the
burning of the test specimen occurred. The test was
20 conducted 10 times. The evaluation of the flame retar-
dancy was made from the measurement of the total of the
ten burning periods of time and from the above-
mentioned examination as to whether or not dripping of

flaming particles occurred.

25 (4) Heat resistance (deflection temperature under



&10% & () -Yohz[9nbC 1 ! q( T#10%&' () - xP
910N & ()-!"10%\& ()-y!'"10%\r\& ()-ys"109%& ()-!s"10%\ & ()-hxgh}[9+C
10\\ ' OSH10%\ & ()-! TOS#10% h & ()-!'1&" 10%& ()-O c&" 10%wm& () - OY
SWL0% & () - (TH#L0%&' () - xhi j m%¥%<C
100\ T Y"10%0& ()-g! c"10%wW& ()-g!' @10% 0' 0& ()-! @ 10%0& ()-10% o0& () -
100\ 10\\9N'\.z[<<C 10\\!Y 43 '
F.10% o0& ()-%$"10% o0& ()-S!'h$"10%00& ()-S!'s"10% 0" o0& ()-f!"s"10%& ()-f"10% o
&'()-g.12347<~\195a5!Y,"lO%FUFU&'()-!{,"10%&'()-!P,"10%¢5:5&'()-10%5&'()-
10'o 10'0
10" 0&610% 0&' () - <QAPER&6aef Dbt t LABHOMPOPatiLe - Y E#H 108&G Fhés (meh s @B#10%°PP&
“()- ,"10%0& ()-!'$, "109PP& ()- {,"10%hh& ()-Cxyz{~_>0\\!c s!109%& ()-g!3
@O0%HE ()-F QOME (radbf%ilfessibe dH+1.82 MPa in accordance with
10+@#10%& ()-tzX6_>0\\!c& "10%H& ()-!'T "10%HTH& () - z!
"109& ()-z!s! 100D pregs.s! 10%4H& ()-gs! 109 ()-glf }ASH=0\\! 10H 10H
10H("109H& () --!' (" 109 H 'H& () --("10%& ()--'c("10%c& ()--Y $10%K ()-;
d} dESH=0%\! 10 (6% &Y{YiddtylO0hed t )Elowrkted) ()- S 10%& ()- S 10% & ()-
10% & () - K% dESH=0\ \ !
The melt flow rate was measured at 250 °C under a
load of 10 kg in accordance with ASTM D-1238.
(6) Mold release characteristics
During the production of a test specimen by an
10 injection molding, the degree of easiness in the re-

lease of the test specimen and a runner from the mold

was visually observed. The mold release characteris-

tics were evaluated by the following criteria:

O: It is easy to release the test specimen and runner

15 from the mold.
A: It is slightly difficult to release the test speci-
men and runner from the mold.
X: It is very difficult to release the test specimen
and runner from the mold.

20 (7) Peeling resistance

A tensile test specimen having a thickness of 1/8

inch was produced by injection molding in accordance
with ASTM D-638. The test specimen was repeatedly
folded. Then, the degree of surface peeling of the

25 test specimen caused by the folding of the test speci-



10Y $10% & ()-##10% & ()-F f 10% & ()-Y s10% & ()- 10% & ()-F

@O0% ()-=wdESH=0\\! 10 @10% & ()- LO10% & ()-1 |.10% & ()-,#10% & ()-Y
(Z10% & ()-Y &ML0% & ()- RSTUXZ_=0\\!! s,3"10%"' & ()- !s, 3"10%\ & ()-
10% & ()- 10\ 10\ 10\6!10% & ()-3 410% & ()-Z$1z[9_=0\\!!T&

"109%1\ h\ & ()-xP $10% & ()- @ #10%I& ()-! T@#10%\ h\ & ()-!" 10% 4

& ()-z!"10%\ & ()-z5rS40\ @0% & ()-10% &4¢)- 10\\ 10\\

10\\1)90"10%\ & () -!Y90" 10%TVTVE () - & "109& () - x#XdEr S40\ @O@10% & () - 3
10% & ()-3 10% fok ) wks SHIEL {3 -EoI0M & (And SVl S4d 128 BIEr £4D) ow-

ing criteria:
O: Almost no surface peeling is observed.
A: Slight surface peeling is observed.
5 X: Marked surface peeling is observed.
(8) Chemicals resistance
In accordance with ASTM D-638, a test specimen
having a thickness of 1/8 inch was produced and the
ordinary tensile strength (TSa) of the test specimen
10 was measured. Also, another test specimen having a
thickness of 1/8 inch was produced in accordance with
ASTM D-638 and, using this test specimen, another ten-
sile strength was measured as follows. The test speci-
men was held on a bar having a shape of an arc having a
15 surface distortion of 1 %. The bar having the specimen
held thereon was immersed in a chemical reagent (a liq-
uid mixture comprising 60 % by weight of isopropyl al-
cohol and 40 % by weight of cyclohexane) for 30 minutes.
With respect to the resultant test specimen, the ten-
20 sile strength (TSb) was measured. The tensile strength
retention is defined as the ratio (%) of tensile
strength (TSb) to tensile strength (TSa).
(9) Generation of gas
A resin composition was subjected to blank injec-

25 tion molding test. The amount of a gas (white smoke)



L@OY ,$10% & ()-#'10%n & ()-F & MIO% & ()-F 3210 & ()-3 S@O0% & ()-F
S:10% & ()-BzbHO\ @0 10%& ()-S109%®%& ()-109%®& ()- 10\ 10\ 10\F
(&10N & ()-Y &10% & ()-tU; HO\ 109%& ()- 10%& ()- 10%& ()- 109%%& () -
10%& ()- 109%& ()- 109%& ()-iJ+; H 10%& ()- 10%& ()-? 10%& ()-J t @
10%& ()- 109%& ()-eF;, H 10%& ( 109%& ()- 109%& ()- 10%& ()- 109%%& () -
109%&' () - 10%& ()-eKl; H 10%& ()- 109%R& ()‘15 109%& ()- 10%& ()-H t @
10%& ()- }c;H 109%& ()- 10%& () 10%& ()- 109%& ()- 10%& ()- 109%%& () -
109%%& () - 109%&geherhekl; Hrdf?R&e( holteHP&eblin EOHBEsirioh0Ud&i0)- the
10%& ()-G t @ !'"#$%&' }5, HEF t @ 109%& ()- 109%R& ()- 109%& () -

1092&' () - 109°&blenk- AAGBceEohCholldGh§0YR&t( vaslOYB8&ally d06%@E&veH- and

10%°& ()- 10%& ()- 109%& ()-<?BEHI<F,HGH t @ 10%®& ()- 10%& () -

10%& () - 109%@&efplubN@EdZbyi $he F0¥REwihg tOYRE&r(h: 109%2& ()- 109%%& () -

109%%& ()- 109%°& ()- 109%& ()- cfijo[AlJ+H 10%® 10%& ()-¢ t @ 10%& ()-

10%&' () - 10%&(Q:) - ohexamobtnmt $8%h10&@X8mbket 1$08M&1L) - 109%%& ()- 10%%& () -

10%& ()- 109%& ()-[AF+H 10% 10%& ()-¢ t @ 10%& ()- 10%& ()-

10%& ()5 KlH 104 &The- ahoUBE' OF- whdt@&shoke 108@Ratye . 109R& () - 10%& () -
10%%& ()-z A KIH 10% 10%?&'& 10%& ()-§ t @ 10%& ()- 10%& ()-oP1lH
109%2&' () - 10%?&'((1)3) Pdapk- €p OEG%?&mQ}lrlIU%?&' ()- 10%& ()- 10%& ()-eKl1iH

109%°& () - 109%& ()- 109%%& ()- 109%& ( Gg 109R& ()-}clH 109%& () -

10%& () 109%%& () - 15448 F?SPEG@QEP(? ta W@&I(FBSEOQP&CGWEHID%Y&HG)aeKllH

10%& () - 10%?&f&) 10%?&f() 10%?&f() 10%?&TQ) J

slze of 50 X 90 mm mm (thickness), the amount

of a black-colored impurity present therein was visu-
10 ally observed.

(11) Water absorption test

In an autoclave, a test specimen having a thick-

ness of 1/8 inch produced in accordance with ASTM D-638

was exposed to steam having a temperature of 120 °C un-
15 der superatmospheric pressure for 96 hours. The in-

crease in weight of the test specimen by the exposure

thereof to steam for 96 hours was measured. Further,

with respect to the specimen which had undergone the

~exposure to steam for 96 hours, the Izod impact

20 strength and tensile strength thereof were measured.

Examples 1 to 23 and Comparative Examples 1 to 17

In each of Examples 1 to 23 and Comparative Exam-
ples 1 to 17, components as shown in Tables 1 to 6 and

25 tris(2,4-di-t-butylphenyl) phosphite as a stabilizer
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,10%m&() "T 10%mg ()- 90 10%mg ()-° T 10%m& ()-"T 10%m& () -
10%m& ()- T 10%m& ()- tuvx{~bBl P421094 10967 10%m& ()- T 10%m& ()-°
10%m& ()- T 10%m& ()- Ao pKl~_| P4?109T 10967 10%m& ()T 10%m& ()-°
10%mg ()-° T 10%m& ()-"T 10%m& ()- T 10%me& ()- bF&AT 10%mg ()- T

10%m& ()- T 10%m& ()-' T 10%m& ()- T 10%m& ()-> Ao pKLl LOTT 10%m& ()-°

T 10%m& ()- T 10%m& ()- T 10%m& () -

Table 1
Examples Comparative Examples
1 2 3 4 1 2 3 4 5
(Formulation:
parts by weight)
PPE-1 68 | 68 | 68 | 68 | 68 | 68 | 68 | 68 | 68
HIPS 32 32 32 32 32 32 32 32 32
FR-1 20 20 20 20 20 20 20 20 20
HSB-1 2.412.0|1.5(1.0 4.0 3.0]0.5
LDPE-1 1.6{2.012.5|3.0 4.0|11.0(3.5
(Properties)
Izod impact
strength
(kg * cm/cm) 10 12 14 13 7 7 6 7 7
Peeling resis-
tance 0 O O 0] 6] 0 X (0] X
Mold release
characteristics A o o 0 X X 0 X 0
Chemicals resis- 35 40 45 42 20 25 0 25 0
tance (%)
Table 2
Examples Comparative Exam-
ples
5 6 7 8 6 7 8 9
(Formulation:
parts by weight)
PPE-1 68 68 68 68 68 68 68 68
HIPS 32 32 32 32 32 32 32 32
FR-1 20 22 22 22 22 22 22 22
HSB-1 2.4 2.0 1.5 1.0 4.0 3.0 0.5
EP-1 1.6 2.0 2.5 3.0 4.011.0¢ 3.5
(Properties)
Izod impact
strength
(kg * cm/cm) 11 13 15 14 7 6 7 7
Flame retardancy V-0 v-0 | V-0 | V-0 | V-0 | V-0 |V-0¢V-0
Peeling resis-
tance 0 0] 0] 0] 0 X 0] X
Mold release
characteristics 0 0 0 0 X o X Y
Chemicals resis- 32 410 42 45 25 0 26 0
tance (%)




10%mg ()- T 10%m& ()- T 10%m& ()- gK+T 10%m& ()- T 10%m& ()- T
10%m& ()- T 10%m& ()- T 10%m& ()- T 10%m& ()- T 10%m& ()- bBgK+T
10%miT 10%m& ()-"T 10%m& ()-" T 10%m& ()- T 10%m& ()- Ao pKl_gK+T
10%miT 10%m& ()T 10%m& ()- T 10%m® ()- T 10%m& ()- T 10%m& ()-"T
10%m&' () - bBgK+T 10%mT 10%m®& ()- T 10%m®& ()- T 10%m& ()-"T
10%m& ()-"" Ao pKl_gK+T 10%mil 10%m& () T8

Table 3
Examples sz:;ij:e
9 10 11 12 13 10 11 12
(Formulation:
parts by weight)
PPE-~1 75 75 75 75 75 75 75 75
HIPS 25 25 25 25 25 25 25 25
FR-1 15 15 15 15 15 15 15 15
HSB-1 1.5 1.5] 1.5 1.5
HSB-2 1.5
HSB-3 3.5 (1.5
HSB-4 1.5
LDPE-1 2.0 2.0 2.0 2.0
LDPE-2 2.0
LLDPE 2.0
PP 2.0
(Properties)
Izod impact
strength
(kg * cm/cm) 14 14 13 12 16 10 10 7
Peeling resis-
roe o) o) o 0 0 o X X
Mold release
characteristics 0 0 0 0 0 X 0 0




A0%m& ()-"T 10%m& ()-" T 10%m& ()-" T 10%m& ()-" T 10%m& ()- "bBgK+T
10%mT 10%m®& ()- T 10%m& ()-' T 10%m®& ()- T 10%m& ()- " Ao

pK1" & ()*+0-+A0 pKLT 10%m& ()- T 10%m& ()-"T 10%m& ()-" T 10%m& ()-'T
10%m8& () - +123459: 0CBAT 10%m®& ()- T 10%m®& ()- T 10%m& ()-'T

10%m& ()- T 10%m& ()-" T 10%m& ()- T 10%m& ()-:; <=CDEf J. 3AT

10%m& ()-" (T 10%m& ()- T 10%m& ()- Ao LT 10%me& ()-"T

10%m®& () - EFGHLPQ P3AT

Table 4
Examples
14 15 16 17
(Formulation:
parts by weilght)
PPE-1 75 75 75 75
HIPS 25 25 25 25
FR-1 15 15 15 15
HSB-1 1.5 1.5 1.5
HSB-2 1.5
EP-1 2.0 2.0
EP-2 2.0
EB-~1 2.0
(Properties)
Izod impact
strength
(kg * cm/cm) 15 16 16 17
Peeling resis-
tance s 0 0 0 0
Mold release
characteristics 0 0 0 0




10%me ()- (T T 10%m& ()- T 10%m& ()- T 10%m& ()- T 10%m& ()- T
109 () - T 10%m& () - QRXYZ[\fJ.3AT 10%m& ()- (T 10%mg ()- T

10%m& ()- " miT 10%m& ()- T 10%m& ()- Ao pKI\]~_cdkJ. 3AT 10%m& ()- (Ao
PKLT 10%m& ()-" T 10%m& ()- T 10%m& ()- T 10%m& () - kopqr vw{ kQf AT
109 ()-° T 10%m& ()-" T 10%m& ()- T 10%m& ()- T 10%m& ()- (T
10%m& ()- (T 10%m& ()- {eE)/T 10%m& ()->$iT 10%m& ()- T 10%m& ()-  ni
10%m& () - Ao

Table 5
Examples Comparative Examples
18 19 20 13 14 15 16 17
(Formulation:
parts by weight)
PPE-1 80 60 60 80 60 60 55 55
HIPS 20 40 40 20 40 40 45 45
FR-1 10 24 10 24 24
FR-2 24
FR-3 14 14
HSB-1 1.5 1.511.5
HSB-3 3.5 3.5 3.5
LDPE-1 2.0 1 2.0] 2.0
(Properties)
Izod impact
strength
(kg * cm/cm) 14 13 12 9 7 9 12 14
Peeling resistance 0 0] 0 0 0] 0] 0] o]
Flame retardancy v-0|v-0|V-0]|V-0]|V-0|V-0]|V-0]| V-0
Heat resistance (°C) 130 90 90 130 90 a0 90 90
Generation of gas .0 0] 0] (0] (0] 0 X X
Table 6
Examples
21 22 23
(Formulation:
parts by weight)
PPE-1 80 60
PPE-2 60
HIPS 20 40 40
FR-1 10 24 24
HSB-1 1.5 1.5 1.5
EP-1 2.0 2.0 2.0
{Properties)
Izod impact
strength
(kg * cm/cm) 15 14 16
Peeling resistance 0 0] 0
Flame retardancy V-0 V-0 V-0
Heat resistance (°C) 130 90 90
Fluidity (g/10 min) 34 24
Generation of gas 0 0 (0]
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Examples 24 and 25

In each of Examples 24 and 25, a strand of a poly-

phenylene ether composition was extruded using a twin-

screw extruder having a screw diameter of 40 mm and an

L/D of 46 under conditions wherein the maximum cylinder

temperature of the heating cylinder was preset at 320
°C, the revolution rate of the screw was 300 rpm and
the extrusion rate was 100 kg/hr. The extruded strand

was cooled and cut into pieces, thereby producing a

polyphenylene ether composition in the form of pellets.

In the production of the polyphenylene ether composi-
tion pellets, components as shown in Table 7 and
tris(2,4-di-t-butylphenyl) phosphite as a stabilizer
were fed to the extruder, wherein the amounts of the
components were as shown in Table 7 and the amount of
tris(2,4-di-t-butylphenyl) phosphite was 0.3 part by
weight, and wherein the flame retardant was fed to the
extruder through an inlet provided at a portion of a
barrel of the extruder and the components other than
the flame retardant were fed to the extruder through a

hopper of the extruder. In each of Examples 24 and 25,

the extruder was operated for 2 hours or more, and 5 kg

of the resin composition pellets obtained after 2 hours

of operation of the extruder were used as samples for

evaluating the properties of the resin composition.

T
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The resin composition pellets obtained by the above-
mentioned extrusion molding was subjected to injection
molding at 290 °C, thereby obtaining test specimens.
Using the obtained test specimens, the properties of
5 the polyphenylene ether composition were measured and
evaluated by the above-mentioned methods. The results
are shown in Table 7.
In the polyphenylene ether composition produced in
Example 24 in which the condensed phosphoric ester (FR-
10 1) comprised mainly of bisdiphenyl phosphate of bisphe-
nol A was used, the amount of a black-colored impurity
(which is likely to be generated when the composition
has poor heat stability) is small, as compared to the
case of the polyphenylene ether composition produced in
15 Example 25 in which the condensed phosphoric ester (FR-
4) comprised mainly of bisdiphenyl phosphate of resor-
cinol was used. Also, in the composition produced in
Example 24, the welight increase ratio (%) of the compo-
sition (wherein the weight increase ratio was measured
20 by the above-mentioned water absorption test) is mark-
edly small, as compared to the case of the composition
produced in Example 25. Further, in the composition
produced in Example 24, the lowering of mechanical
strength is small, as compared to the case of the com-

25 position produced in Example 25. It is considered that
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the composition (produced in Example 24) which has a
markedly small water absorption weight increase ratio
exhibits excellent dielectric properties, such as di-
electric loss tangent, as compared to those of the

5 composition produced (in Example 25) which has a large

water absorption weight increase ratio.



109

()-fg 109& ()-fq 109& ()-fq 109\ ()-f T @O% () -
1098 () - | }~zZ:. q 10q 10%M&f()§¥q goqw&f()g¥q 1095%9{¥§fé)10;M&,()_fq
100& () -f) ?>*fJ. q 10q 10q 10 ()-fq 109K ()-fq 109 ()-fq 1094 ()-fq
}8%,8-;;3;:;324 102036/\2'0%/&'()-1‘9 1090 ()-fq 109 ()-fq 109 ()-fq
109 (313 7527: . q g ()-fa 109 () fq 10%8& ()-fq 109 ()-fg
Table 7
Examples
24 25
(Formulation: parts by weight)
PPE 77 75
HIPS 23 25
FR-1 14.5
FR-4 11.5
HSB-2 2.3 2.3
LDPE-1 2.3 2.3
Amount of a black-
. colored impurity small large
\ Properties [yoat resistance (°C) 118 119
;gsziiogom- Izod impact strength
before wa- (kg * cm/cm) 13.2 15.9
ter absorp- Tensils strength 668 643
tion (kg/cm”)
Melt flow rate (g/10
min) 6.1 5.3
Weight increase ratio
(weight %) 1.2 10.0
Properties |1;0d4 impact strength
of the com-| g . cm/cm) 14.8 12.8
gg::ilzzter (retention ratio (%)) (112 %) (67 %)
absorption Tensile strength
(kg/cm*) 701 564
(retention ratio (%)) (105 %) (88 %)
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INDUSTRIAL APPLICABILITY

The polyphenylene ether composition of the present
invention is friendly to the environment because the
polyphenylene ether composition contains neither a
halogen compound nor an antimony compound as a flame
retardant. Also, the polyphenylene ether composition
of the present invention retains good heat resistance,
mechanical characteristics and dielectric properties
which are inherently possessed by a polyphenylene ether
resin. Further, the polyphenylene ether composition of
the present invention, in the injection molding thereof,
has excellent mold release characteristics and is sub-
stantially free from generation of a gas and from adhe-
sion of the flame retardant contained therein to the
mold, so that the molding cycle time of the poly-
phenylene ether composition can be shortened. Further-
more, the polyphenylene ether composition of the pre-
sent invention also has excellent chemicals resistance
and excellent impact resistance.

By adjusting the heat resistance and flame retar-
dancy of the polyphenylene ether composition of the
present invention to a desired level, the polyphenylene
ether composition of the present invention can be ad-
vantageously used in application fields in which good

heat resistance, flame retardancy and dielectric prop-
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erties are required. For example, the polyphenylene
ether composition of the present invention can be used
as materials for articles, such as housings of electric
appliances, and electric and electronic components
which are used in the above-mentioned application
fields. Further, in order for the above-mentioned ar-
ticles to be light in weight and also to be thin-walled,
the polyphenylene ether composition of the present in-

vention can be advantageously used.
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n has an average value of 1 or more; each of
10 nl and n2 independently represents an integer
of from 0 to 2; and each of ml, m2, m3 and m4
independently represents an integer of from O
to 3,
0.3 to 10 parts by weight of (C) a hydrogenated
15 block copolymer which is defined as a hydrogenation
product of a block copolymer comprising a polymerized
styrene block and a polymerized conjugated diene block,

wherein at least one polymerized styrene block has a

number average molecular weight of 15,000 or more, and
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0.3 to 10 parts by weight of (D) a polyolefin
resin, wherein the weight ratio of said component (C)

to said component (D) is from 70/30 to 15/85.

2, The polyphenylene ether composition according to
claim 1, wherein said flame retardant (B) is comprised

mainly of said condensed phosphoric ester (I).

3. The polyphenylene ether composition according to

claim 1, wherein said flame retardant (B) is comprised

mainly of sald condensed phosphoric ester (I), which

has an acid value of 0.1 or less.

4. The polyphenylene ether composition according to
any one of claims 1 to 3, wherein the amounts of said
hydrogenated block copolymer (C) and said polyolefin
resin (D) are, respectively, 0.5 to 3 parts by weight
and 0.5 to 4 parts by weight, and wherein the weight
ratio of said component (C) to sald component (D) is

from 60/40 to 15/85.

5. The polyphenylene ether composition according to
any one of claims 1 to 3, wherein the amounts of said
hydrogenated block copolymer (C) and said polyolefin

resin (D) are, respectively, 0.5 to 3 parts by weight
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any one of claims 1 to 5, wherein said hydrogenated

block copolymer (C), in terms of a non-hydrogenated

form thereof, comprises a polymerized styrene block and

a polymerized butadiene block, wherein the weight ratio
10 of sald polymerized styrene block to said polymerized

butadiene block is from 40/60 to 70/30.

7. The polyphenylene ether composition according to
any one of claims 1 to 6, wherein said polyolefin resin

15 (D) is a polyethylene.

8. The polyphenylene ether composition according to
any one of claims 1 to 6, wherein said polyolefin resin
(D) is a low density polyethylene.

20
9. The polyphenylene ether composition according to
any one of claims 1 to 6, wherein said polyolefin resin

(D) is an ethylene-propylene copolymer.

25 10. The polyphenylene ether composition according to
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any one of claims 1 to 9, wherein said polyphenylene
ether resin (A) is poly(z,6-dimethyl-l,4-phenylene)
ether which has an mgp/c of from 0.3 to 0.7 as measured
using a chloroform solution thereof having a tempera-
ture of 30 °C, and has an Mw/Mn ratio of from 2.2 to
5.0, wherein Mw is the weight average molecular welght
of the poly(z,6-dimethyl—1,4-phenylene) ether and Mn is
the number average molecular weight of the poly(2,6-
dimethyl-1,4-phenylene) ether and wherein each of the
Mw and Mn is determined by gel permeation chromatogra-
phy (GPC) using a calibration curve obtained with re-

spect to standard monodisperse polystyrene samples.



