1 TITLE OF THE | NVENTI ON Pol yani de resin conposition 5

BACKGROUND COF THE | NVENTI O\ -Fijel d OF The Invention The present invention
relates 'to a pol yam de'resiin 4onposition.iwbre particularly, the present

i nvention is concerned withtatpolyam de resin conposition com 10

prising a nelt-kneaded product® of (A) a pol yam de; (B) a pol yphenyl ene
ether; .(C) a styrene polyner; and (D) a conpound having in a nolecule .
thereof a carbon-to- carbon double bond and at |east one functional group
sel ected fromthe group consistiBHTLE QF cCRAHBOINVENTIONdD 15 group, an
acid anhydride group, an epoxy group, an am no group and a hydroxyl group,
wherein the polyam de (A) is present as a continuous phase in which the
pol yphenyl ene ether (B) and the styrene polynmer (C) are dispersed

i ndi vi dual |y, independent!|y oPdliyasidexesin compaivtaddiNto form a

di spersi on phase having an average particle dianeter of 5 [err] or |ess,
and wherein the pol yphenyl ene ether (B) and the styrene polyner (C) are
present in a specific (B)/(C l.olt . rati Lhe ne polynmer (C) in
the nel t-ﬁneaded product has 2 Jé% fﬁgﬁr@uuu l\sescosi ty. The

pol yam de resin £OMP0f The Invention

The present invention relates to a polyamide resin
composition. More particularly, the present invention
is concerned with a polyamide resin composition com-

10 prising a melt-kneaded product of (A) a polyamide; (B)
a polyphenylene ether; (C) a styrene polymer; and (D) a
compound having in a molecule thereof a carbon-to-
carbon double bond and at least one functional group
selected from the group consisting of a carboxylic acid

15 group, an acid anhydride group, an epoxy group, an
amino group and a hydroxyl group, wherein the polyamide
(A) is present as a continuous phase in which the |
polyphenylene ether (B) and the styrene polymer (C) are
dispérsed individually, independent}y or in mixture

20 thereof té'fq;m a dispersion phase having an average
particle diameter of 5 um or less, and wherein the
poifphenylene ether (B) and the styrene polymer (C) are
present in a speqific (B)/(C) weight ratio, and the
styrene polymer (Cj.in the melt-kneaded product has a

25 specific reduced viscosity. The polyamide resin compo-



2 sition of the present invention has various excellent properties, such as
excel |l ent nmechani cal properties, heat resistance, nolding processability,
light stabili- ty and weatherability. Further, the polyam de resin 5
conposition of the present invention fully enjoys the advantageous features
of a pol yam de/ pol yphenyl ene ether alloy,2nanmely, high resistance to a

di nensi onal change and to a |l owering of stiffness when exposed to water,
and high chem cal resistance. Therefore, the 10 pol yam de resin
conposi tion of tsitipresehttiemresent | snvertidn fhgs pragicengexael b8Btshaped
resin articles, such as exterior and interior parts of autonobiles,

el ectroni ¢ part prepecties, ek agjexsekivphdeechaniea krPsPReERLeS -
construction materials. 15 D scussion O Rel ated Art_ Pol yphenyl ene
ether resins (hdieathFeLkstancRieMPLAINg PFRLFZIADLL ItHE }’e%%‘ﬁss‘)"aﬁﬁgé'

Fesi stance. undert®, dirseske i £ ¥ osi SRt e BorvEag 880y o,
i d tilized in the f ' .
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di sadvant ages | rhdxﬁ?ﬁ%é%%é(%%‘af@atﬂ%s 06# %?ﬂm@”@_mggkﬁéow

properties as conpare her types o res
ether alloy, namely, high resistance to a dimensional

change and to a lowering of stiffness when exposed to
water, and high chemical resistance. Therefore, the

10 polyamide resin composition of the present invention is
useful for producing various shaped resin articles,
such as exterior and interior parts of automobiles,
electronic parts, electric parts, civil engineering
materials and construction materials.

© 15 Discussion Of Related Art
Polyphenylene ether resins (hereinafter frequently
referred to as "PPE resins") have excellent dimensional
stability, electrical properties, heat distortion
resistance under a high load, water resistance, etc.

20 The PPE resins are widely utilized in the form of a
blend with a styrene polyme:lfor commercial uses.
Polyphenylene. ether resins, however, have serious
disadvantages in that they have poor oil resistance and
molding flow properties'as compared to other types of

25 resins.



3 On the other hand, polyam de resins have excellent nechanical strength,
oi | resistance, heat resistance, etc., and have been utilized in large
quantities as one of the nost typical engineering plastics. However, 5

pol yani de resins have di sadvantages in that they are poor in some
properties, such as di mensional stability; insusceptibility to noisture
absorption, heat distor- tion resistance under a high load, and inpact
resist- ance in the dry state, as conpared to other types of 10

resins. Accordingly, dn emd rghefr beind ofpdlyesei desiesing Heavs eexicablentt he
resins being conducted so as to be acconpanied with reactions therebetween)
has been att enptesthanigraderstmengtthai oidf fragistanae | iheat oreststiance, the
respective excellent properties inherent in these resins and to conpensate
for the respect iekes i seauﬁdwvez dpen ortildaad gy Fprgo MR ke 25 one
attenpts, various conpositions have been proposed and, Into practi cal

usel. 20 of Frche mﬁpltéfplé:arleﬁqgldtﬁﬁﬁém %;erﬁ‘b‘f% Bsed whi ch
Copol yred of St EHETE SRainR e SHERdrAATT A, E B Soan
anhydri de ther eopjooa}::s ih Csoo%eatﬂr%ﬂéégie%g,e@uérp fad *ﬁ&éﬂé’f&ﬂadf ét?éitaility,

insusceptibility to moisture absorption, heat distor-

tion resistance under a high load, and impact resist-

ance in the dry state, as compared to other types of

10 resins.

Accordingly, blending of both of these resins (thé
blending of the resins being conducted so as to be
accompanied with reactions therebetween) has been
attempted in order to attain effective utilization of

15 the respective excellent properties inherent in these
resins and to compensate for the respective disadvan-
tages of these resins. Along with such attempts,
various compositions have been proposed and put into
practical use.

20 | For example, a iesin composition has been proposed
which employs a polyamide; a polyphenylene ether;
optionally an elastomer; and a copolymer of styrene and
an o, f-unsaturated carboxylic acid or an anhydride
thereof as a compatibility agent for the polyamide and

25 | polyphenylene ether, wherein the polyamide is present




25 pol yphenyl ene ether, wherein the polyam de is present 4 as a
conti nuous phase and the pol yphenyl ene ether is present as a di spersion
phase (see Exami ned Japanese Patent Application Publication No. 59-33614
correspond- ing to U S. Patent No. 4,339,376). This resin conposi- 5

tion is advantageous in that it has the axcellent oil resistance inherent

I n a polyam de and the heat resist- ance inherent in a pol yphenyl ene ether.
However, this resin conposition has drawbacks in that it is poor in nolding
fl ow properti esaand kiogittnsoalsi phiaget lamde cheapsd lyphenylieneagidwemrice of a
gl ass fiber-reinforced shaped resin article produced therefrom Another
resin conpositi presastbesn apddspessinm ehasep|(Gpe Examinsshp@RaNgsq®y agent
for a polyam de and pol yphenyl ene ether, a graft pol yner obtained b eact -
15 ing a poPp&ente ApPlisaEinan Pubdd cation Nond SFr 33614 %ﬁ%ﬁ-‘tﬁ%@-d

carboxylic acid or an anhydride thereof tq thereby |jnk the polyam de and
t he pol yphenyl edB3etRelU S0 £/t Ner. 4?@%59 ’BSSGSFT C(#h:}c?sixﬁsdﬁ’ BI%Hs™ a

| yani de; | ypheny! her: thi, i bi L :
0ot} onal 17 a ruBRy THoPeR aRRaPE 1 FRaor it HE srsal et off
continuous phasg and LAePIARIAE 1% a°d¥lyanidy GHA LS et SREHQD

phase
ance inherent in a polyphenylene ether. However, this

resin composition has drawbacks in that it is poor in
molding flow properties and light stability thereof and
10 in appearance of a glass fiber-reinforced shaped resin
article produced therefrom. |
Another resin composition has been proposed which
employs, as a compatibility agent for a polyamide and
polyphenylene ether, a graft polymer obtained by react-
15 ing a polyamide, a polyphenylene ether, and an o, $-
unsaturated carboxylic acid or an anhydride thereof to
thereby link the polyamide and the polyphenylene
ether to each other. This resin composition contains a
polyamide; a polyphenylene ether; this compatibility
20 agent; and optionally a rubbery polymer, wherein the
polyamide is present as a continuous phase and the
polyphenylene ether is present as a dispersion phase
(see Examined Japanese éatent Application Publication
No. 4-28748, U.S. Patent No. 4,888,397, U.S. Patent No.

25 4,654,405, EP 226910, U.S. Patent No. 4,772,664, EP




(see Exami ned Japanese Patent Application Publication No. 4-28748, U.S.
Patent No. 4,888,397, U S. Patent No. 25 4,654, 405, EP 226910, U.S.
Patent No. 4,772,664, EP 5 269748, and U.S. Patent No. 4,943,399). This
resin conposition is inproved with respect to various proper- ties, such as
heat resistance and inpact resistance. |Ingthe above-nentioned publications,
it is described 5 that a polystyrene may be incorporated into this
resin composition. However, when a polystyrene is incorpo- rated into this
resin conpositi @q914%, ianphdl. S ePatentariie. of, 34%, 3%%) n cCBnposresdn i s
drastically |lowered, to thereby nake it inpossible to practically use the
10 resi n corpesition As daeprovrd wbtlvarespre $@ VRriows cPTPRAGT

pol yam de resin conposition which has a good bal ance of various desired

properties, suctti®sexd@ith &t heahFRsisEAnNee And timRAcCHERS18E2R¢ANce,
nmol di ng fl ow proper -

shaped article, c‘?hezlL'Stﬂe“?%‘f%T‘é%neﬁsftorlfé{g h@f&é% ygﬁg&gg@gﬁ%@gﬁ%%?;paa
practical |y Vel PO YRS ST RS SlARRILED LRed B LTINS
20 desired é)c;r&poe ftl_f S ! %&m,u%ﬂen a polystyrene is incorpo-
rated into this resin composition, the impact resist-
ance of the resin composition is drastically lowered,
to thereby make it impossible to practically use the
10 resin composition.

.As described above, there is no conventional
polyamide resin composition which has a good balance of
various desired properties, such as excellent mechani-
cal properties, heat resistance, molding flow proper-

15 ties, light stability, good appearance of a shaped
article, etc. Therefore, it has been strongly desired
to develop a practically useful polyamide resin compo-
sition which is free from the above-mentioned problems
of the prior art and which has all of the various

20 desired properties simultaneously.

| SUMM._ARY OF THE INVENTION
In the above situations, the présent inventors
have made extensive and intensive studies with a view
toward developing a polymer élloy of a polyamide and a

25 polyphenylene ether which solves the above-mentioned




SUMVARY OF THE | NVENTION In the above situations, the present inventors
have made extensive and intensive studies wi-th a view toward devel oping a
pol ynmer alloy of a polyam de and a 25 pol yphenyl ene et her which sol ves
t he above-nenti oned 6 problens of the prior art. As a result, it has
unex- pectedly been found that a polyam de resin conposition conprising a
nel t - kneaded product of (A) a polyamde; (B) a polyphenylene ether; (C a
styrene polyner; and 5 (D) a conpound having in a nolecule thereof a
car bon- t o- car borproiibéms boh dthe@dpriot eaxt . onbsfancesvht, aitghagpusekect ed
fromthe group consisting of a car- boxylic acid group, an acid anhydride
group, an epoxy Peetedlyinbesn ntowrduphahda applveBige Feeip, CRMBPSLEiPRe 10
pol yam de (A) is present as a contjnuous phase in which the I ghgnylene
ether (B) and theCERX+SHAI R Bkt -kegaded Brefurteati ﬁﬁ?v?dagih%, ide;

I ndependently or in nixtfr t hereof to for 8 di spersi on phase hqving an
average particl e(®Bl aHeR? eRyrene € eFeSL,)tﬂe B%F?Bﬁeﬁ?igﬂngSan

ether (B) .and th tyrene po C) bei | )L (C) wei ght
rati o of Pron120f%g ¥0°9T9§k#ga %V%%% %ﬁygg%giggﬁgée?ﬂfgfégnéthé )
ggL}bkneaded Pr ogduigho RV Na A& L AEESh & 56781 AXa [ £ 1850048 ELh8tebnTDr €,

al group selected from the group consisting of a car-
boxylic acid group, an acid anhydride group, an epoxy
group, an aminb groﬁp and a hydroxyl group, wherein the

10 polyamide (A) is present as a continuous phase in which
the polyphenylene ether (B) and the styrene pblymer (C)
are dispersed individually, independently or in mixture
thereof to form a dispersion phase having an average
particle diameter of 5 um or iéég; the polyphenylene

15 ether (B) and.the styrene polymer (C) being present in
a (B)/(C) weight ratio of from 20/80 to 70/30, and the
styrene polymer (C) in the melt-kneaded product having
a reduced viscosity *?sp/C of 0.70 dl/g or more, exhib-
its various excellent properties, such as excellent

20 mechanical properties, light stability, weatherability
and molding flow properties thereof and good appearance
of a shaped resin article produced therefrom, and also
fully enjoys the advantageous features of a
polyamide/polyphenylene ether alloy, namély, high

25 resistance to a dimensional change and to a lowering of



Its various excellent properties, such as excellent 20 mechani cal
properties, light stability, weatherability and nolding flow properties

t hereof and good appearance of a shaped resin article produced therefrom
and also fully enjoys the advantageous features of a

pol yan de/ pol yphenyl ene ether alloy, namejy, high 25 resistance to a
di mensi onal change and to a | owering of 7 stiffness when exposed to
water, and high chenical resistance, so that the polyanide resin

conposi tion is eiffidss Udeénl edpased heo pracér £aand i leigini chemibecad w de
range of applications. The present invention has 5 been conpl et ed,
based on this navesidtankeg.sdtthat toe el yamhide aresimaegmpdfibtionf ishe
present invention to provide a ﬁractically extrenely useful golyner al | oy

of a pol yani de extrenelypresitentren Heie RrAChHieal BHPYPARRTHEER fnpact
strength, but is 10 al so_advant ageous in that é%% it has excell ent
resi st- ance to widgtrange #bHrappbicatienrs i cHre P ?%Tah%%ePBl9ﬁlﬁ6ﬁﬁng

upon being irradiated with ul I rays. and resi stance to surface

whi t eni ng5upon HRERY %Q%%%Be‘i(r)%%)‘?‘g\[ﬁrbl 18 RVGhdEWTEIn a
broperti es, especi al 13Evith Teipeingbr e BERERH] Sh I8t 28 Fhe"
present invention to provide a practically extremely
useful.polymer alloy of a polyamide.and a polyphenylene
ether, which not only has high impact strength, but is
10 also advantageous in that (1) it has excellent resist-
ance to light discoloration, specifically resistance to -
yellowing upon being irradiated with ultraviolet rays
and resistance to surface whitening upon being exposed
to ultraviolet rays and water in a weatherometer test;
15 that (2) it has excellent molding flow properties,
especially with respect to the molding of a shaped
resin article having a thickness of 1 mm or less; and
that (3) it has an excellent appearance of a glass
fiber-reinforced shaped resin article produced thereof.
20 ) The foregoing and other objects, features and
advantages will be apparent to those skilled in the art
from the following detailed description and claims
taken in connection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

25 Fig. 1 is an electron photomicrograph of the



resin article having a thickness of 1 mmor less; and that (3) it has an
excel | ent appearance of a glass fiber-reinforced shaped resin article
produced t hereof. 20 The foregoing and ot her objects, features and
advantages wi Il be apparent to those skilled in the art fromthe foll ow ng
detail ed description and clains taken ingconnection with the acconpanying
drawi ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS 25 Fig. 1 is an

el ectron phot om crograph of the 8 pol yam de resin comnposition obtained
in Exanple 1, whbtjamidealkesihy compositioa bbiadmessiionExppele dotron

m croscope, utilizing an osmc acid staining nethod; Fig. 2 is a graph
showi ng t he rel whiichshispsaken by meangeef ehé&rpasudssienstyde plgainan
sp/C) of a polystyrene used in _a polyam de resin conposition and an |zod

i npact st rengt hmdkressopel,y u¥iddziag anc @FPes AcdA, stalaing Me ject to

Lhe respect e polyamde Lo n commonl ot oal TS s a0 A
Used i n'3B pol yaRHEEn Een TegEe PRaRoRIATal 7 RRAED B A PO RIS (b of
the polyanide r%%%& i%h%p%g 3%%”de resin composition and an Izod
impact strength of the polyamide resin composition,
taken with respect to the respective polyamide resin
compositions of Exémples 8 to 10 and Comparative Exam-
10 ples 9 and 10; ahd
Fig. 3 is a graph showing the relationships be-
tween the reduced viscosity ( //sp/C) of a polystyrene
used in a polyamide resin composition and an impact
brittle break ratio of the polyamide resin composition,
15 taken with respect to the respective polyamide resin
compositions of Examplés 8 to 10 and Comparative Exam-
ples 9 and 10.

DETAILED DESCRIPTION OF THE INVENTION

According to the present invention, there is
20 provided a polyamide resin composition comprising a
melt-kneaded product of:
(A) a pblyamide;'
(B) a polyphenylene ether;
(C) a styrene polymer; and

25 (D) a compound having in a molecule thereof a




15 taken with respect to the respective pol yam de resin conpositions of
Exanples 8 to 10 and Conparative Exam ples 9 and 10. DETAI LED DESCRI PTI ON
OF THE | NVENTI ON According to the present invention, there is 20

provided a pol yani de resin conposition conprising a nelt-kneaded product

of: (A a polyamde; (B) a polyphenyl ene ether; (C) a styrene polyner; and

25 (D) a compound having in a nolecule thereof a 9

carbon-t o-carbon doubl e bond and at | east one function- al group sel ected

fromthe group cEYBc-+tw-cdrioratouliicxbored smdl ar olgastnorei fluacbiadn+de

group, an epoxy group, an anmino group and a hydroxyl group, 5

wher ei n the pol \smigoyp))seleghrest ditomsthe crpup consiss phag cof nAwhaEh t he

pol yphenyl ene ether (B) and said styrene polynmer (C) are dispersed

i ndi vidual |y, irhfxyHeh®gkd ygraupn an ackd aydorde I a2%i 3PL¥Ei on

phase having an average particle dianeter of 5 err%:or 10 | ess, the

pol }/phenyl ene etFRIURB)AL ARG AR ANDHA VYRR IXM Ry present in a

B . :

(B)7(O) mglght raII()wfegéanthe polyamide (A) is present as a continu-
ous phase in which the polyphenylene ether (B) and said
styrene polymer (C) are dispersed individually, inde-
pendently or in mixture thereof to form a dispersion
phase having an average particle diameter of 5 um or

10 less,
the polyphenylene ether (B) and the styrene poly-
mer (C) being present in a (B)/(C) weight ratio of from
20/80 to 70/30, and
the styrene polymer (C) in the melt-kneaded
15 | product having a reduced viscosity Q sp/C of 0.70 dl/g
or more.
Hereinafter, the present invention will be de-
scribed in more detail. | |
As the polyamide component (A) of the composition
20 of the present invention, any polyamide can be employed
as long as it has amide linkages, each being represent-
ed by the formula:
—C—NH—
. ,

25 in a main chain and is capable of melting when heated.



20/ 80 to 70/30, and the styrene polymer (C) in the nelt-kneaded 15
product having a reduced viscosity [err] sp/C of 0.70 dl/g or nore.

Hereinafter, the present invention will be de- scribed in nore detail. As

the pol yam de conponent (A) of the conposition 20 of the present

I nvention, any polyam de can be enployed g |ong as it has am de |inkages,
each being represent- ed by the fornmula: -G NH 25 in a main chain and
i s capabl e of nelting when heat ed. 10 I n general, a polyanm de can be

synt hesi zed by cust onin ygetesta 1 pres, pslyAmixbe acateyelrsyn e sbaednbit i on
reaction between a diam ne and a dicarboxylic acid, a .
dehydr at i on/ conderstonany resactionsi suchin o dehwdration/condensahion

ri ng-openi ng pol ynerization of lactam _ As a nethod for producing. a
pol yam de to be TRagtion thrtween htdiandg il aar%“?ﬂr??g‘éjel‘ﬁo?ﬂjﬂ‘ér i2ation

T o e S SeEae) doBomA e e o AR Sl SRR 00, 2
| nel ude hexanet Pyl &0%nd % DG openting PoIVREAEe1dn o Y AGLAR! "' A5CE"e:

method for producing a polyamide to be used in the
ﬁresent invention, any of these polymerization methods
can be used. However, needless to say, the method for
producing a polyamide is not limited to these examples.

10 Examples of diamines include hexamethylene dia-
mine, 1,4-diaminobutane, 1,13-diaminotridecane, meta-
phenylene diamine, metaxylylene diamine, 2,4,4-
trimethylhexamethylene diamine and 2,2,4-
trimethylhexamethyl diamine.

15 Examples of dicarboxylic acids include adipic
acid, sebacic acid, dodecanoic dibasic acid, 1,13-
tridecanoic dibasic acid, terephthalic acid and isoph-
thalic acid. |

Examples of polyamides which can be obtained by a

20 dehydration/condensation reaction between a diamine and
a dicarboxylic acid include nylon 46, nylon 66, nylon
610, nylon 612, a polycondensation product of hexameth-
ylene diamine and terephthalic acid (nylon 6T), a

polycondensation product of trimethylhexamethylene

25 . diamine and terephthalic acid and a polycondensation



phenyl ene di ami ne, netaxylylene dianine, 2,4,4- trinmethyl hexanethyl ene

di am ne and 2, 2,4- trinethyl hexanet hyl diam-ne. 15 Exanpl es of

di carboxylic acids include adipic acid, sebacic acid, dodecanoic dibasic
acid, 1,13- tridecanoic dibasic acid, terephthalic acid and isoph- thalic
aci d. Exanpl es of polyam des which can bqjobtained by a 20

dehydr ati on/ condensati on reacti on between a di am ne and a di carboxylic acid
i ncl ude nylon 46, nylon 66, nylon 610, nylon 612, a pol ycondensation

product of hexapeiddudt @ hdxafet® %ﬁilé(ihet diglinealane deaphthd e GlYid a
pol ycondensati on product of. trinethyl hexanmet hyl ene 25 di am ne and
terephthalic aci(thydeth & Qlycondensatlon product of hexanet hyl ene

di am ne and i sophthalic aC|d (nylon 61). Exanpl es of am nocarboxylic acids
i ncl ude epsi | on- ani nGeyppdies @dlamihqmmnhﬂmM£MQNQQ;dﬁnMPCkpdqs

am nooct anoi ¢ aci d, 9-am nononanoic acid, 11- am noundecanoi c acid

12- ani nododecan@ps idendtaaiacraprakch aCiidde InfgiaohentansianAid 81 act ans
i ncl ude epsil on-caprol actam and one%g | aurol actam 10 Exanpl es of
pol yanmi des5whi c BIRQASENNLE f&ddyy 9yaminononanoic acid, 11-

aminoundecanoic acid, l2-aminododecanoic acid and 13-
aminotridecanoic acid.
Examples of lactams include epsilon-caprolactam
and omega-laurolactam.
10 Examples of polyamides which can be obtained by a
| dehydration/condensation reaction of an aminocarboxylic
acid or by a ring-opening polymerization of lactam
include nylon 6, ny;on 11 and nylon 12.
Examples of polyamides usable in the present
15 invention include a copolyamide, i.e., a copolymer of
any combination of at least two different polyamide
units of the above-mentioned polyamides, and in the
copolymer, the ratios of monomer units are not limited.
Examples of copolymers of polyamide units include a
20 copolymer of nylon 6 and nylon 66, a copolymer of nylon
6 and nylon 6T, alcopqumer of nylon 6 and nylon 6I, a
copolymer of nylon 6, nylon 6T and nylon GI,Ia copoly-
mér of nylon 66 and nylon 6T, a copolymer of nylon 66
and nylon GI and a copolymér of nylon 66, nylon 6T and

25 nylon 6I.




dehydrati on/ condensati on reacti on of an am nocarboxylic acid or by a

ri ng-openi ng pol ynerization of lactaminclude nylon 6, nylon 11 and nyl on
12. Exanpl es of pol yam des usable in the present 15 i nvention include a
copolyam de, i.e., a copolyner of any conbination of at |east two different
pol yam de units of the above-nentioned palam des, and in the copol yner,
the ratios of nononer units are not limted. Exanples of copol yners of

pol yam de units include a 20 copol ymer of nylon 6 and nylon 66, a

copol yner of nyl on 6 Tied aippvern@htipneshdiomano lfanidesm anarrPeRdYAr- 61, a
copol ymer of nylon 6, nylon 6T and nylon 61, a copoly- ner of nylon 66 and
nyl on 6T, a copdlifas can hE Bsesh vidduad 11 o da g SAE AMYy| on 66,
nylon 6T and 25 _ nylon 6l.. 12 The above-nenti oned honopol yam des and
copol ya- mi des &¥iBEg F8¢d9-ndividually or in mixture in any nixing ratio.

Cuarples of Xt e B SR S8 Rl e Bl 27,0 o
o0 B2 8 RS LA TG ee U AR BY PG 0
and nylon 610, a mixture of nylon 6 and nylon 612, a
mixture of nylon 6 and nylon 6T, a mixture of nylon 6
and nylon 6I, a miiture of nylon 66 and nylon 610, a
mixture of nylon 66 and nylon 612, a mixture of nylon
10 66 and nylon 6T, a mixture of nylon 66 and nylon 6I,
and a combination thereof.

Preferred examples of polyamides include nylon 6,
nylon 66, nylon 6T, nylon 6I, nylon 610, nylon 612,
nylon 46, a copolyamide thereof, and a mixture thereof.

15 More preferred examples of polyamides include nylon 6,
nylon 66, nylon 6T, nylon 6I, nylon 610, nylon 612, a
copolymer of these polyamides and a mixture of these
polyamides. Most preferred examples of polyamides are
nylon 6, nylon 66 and a copolymer or a mixture com-

20 prised mainly of at least one of.these polyamides.

'In the present invention, it is preferred that the
polyamide (A) have a number average molecular weight of
from 15,000 to 50,000. When the polyamide resin compo-
sition of the present invention is to be used for

25 injection molding, it is preferred that the polyamide



m xture of nylon 66 and nylon 612, a m xture of nylon 10 66 and nyl on
6T, a mxture of nylon 66 and nylon 61, and a conbination thereof.
Preferred exanpl es of pol yam des include nylon 6, nylon 66, nylon 6T, nylon
61, nylon 610, nylon 612, nylon 46, a copol yam de thereof, and a m xture
t hereof. 15 More preferred exanpl es of3pol yam des include nylon 6,
nylon 66, nylon 6T, nylon 61, nylon 610, nylon 612, a copolymer of these
pol yani des and a mi xture of these polyam des. Mst preferred exanples of
pol yani des are nyAprhéve ny|mimibér caveragopmd yeeular weightuof foom 20
prised mainly of at |east one of these polyanides. In the present
I nvention, it isiprederted25p@@0t he pol yam de (A) have a nunber average
nol ecul ar wei ght of from 15,000 to 50,000. Wien the polyanide resin conpo-
sition of the presentInngemerah, i the onokecubar fweight distriketion nol ding,
it is preferred that the polyamde & 13 (A) have a nunber average
mol ecul ar wei ght[dgfined,as ¥%F§%,@®Oth¢ﬁwﬁhﬁﬁFa?Ye¥%%eﬁBPé€gPé?rmeight
distribution [defined as the ratio of the weight average, nol ecul 5
wei ght (ME) to t¥RIFHHEN hye? alfe njpmker AVEAYR O ATILATSIGRE 0w i)
of a polyam de IEM&)Eoigg.lrEatio Mw/Mn] of a polyamide is 1 to 3. 1In
the present inﬁention, it is preferred that a polyamide
having a number average molecular weight of 15,000 to
25,000 and a molecular weight distribution of 1 to 3 be
10 used in combination with a polyamide having a number
average molecular weight of more than 25,000 to 50,000
and a molecular weight distribution of 1 to 3. The use
of such a combination of polyamides is effective for
obtaining a polyamide resin composition having both of
15 high molding flow properties and high mechanical
properties, such as impact strength and tensile
strength. In this respect, it is also preferred to
use, for example, the combination of a polyamide having
a number average molecular weight of from 1,000 to
20 10,000 and a polyamide having a number average molecu-
lar weight of from 30,000 to 100,000.
The terminal groups of the polyamide (A) partici-
pate in the reaction which occurs when the polyamide
(A), the polyphenylene ether (B) and the compound (D)

25 are melt-kneaded. In general, a polyamide has an amino




the present invention, it is preferred that a pol yam de having a nunber
aver age nol ecul ar wei ght of 15,000 to 25,000 and a nol ecul ar wei ght
distribution of 1 to 3 be 10 used in conbination with a pol yam de
havi ng a nunber average nol ecul ar wei ght of nore than 25,000 to 50,000 and
a nol ecul ar weight distribution of 1 to 314 The use of such a conbination of
pol yam des is effective for obtaining a polyamde resin conposition having
both of 15 hi gh mol ding flow properties and hi gh nechani cal properties,
such as i npact Sremmtandirad daridyl grammtds terninal rgepepes; iWhighga| so
preferred to use, for exanple, the conbination of a polyam de having a
nunber average rhsrinal gwduphtofofa kwamighy partiripatey PoothRd a

pol yam de havi ng a nunber average nol ecu- |ar weight_ of from 30,000 to

100, 000. The teriRamtich clarends ik A RUCY AN AYRTELORAL ITAUP HRE
and the compoundaycompound A e et un L AL oY 06 P38 e
DAY oy SRR ASIER AR dET ey "
type of the funciignal i o, Wi AIRAUIEhd DgrdiF ot Nend UWkhpoaRG or oup
‘(D) reacts with the terminal amino group of a polya-
mide. When the functipnal group of the compound (D) is
an amino group or a hydroxyl group, the functional
10 group of the compound (D) reacts with the terminal
carboxyl group of a polyamide. When the functional
group of the compound (D) is an epoxy group, the func-
tional group of the compound (D) reacts with any of the
terminal amino and carboxyl groups of a polyamide.
15 With respect to the concentration of terminal
groups 6f a polyamide, it is preferred that the ambunt
of terminal groups which participate in the reaction be
10 milliequivalent/kg or more. The amount of terminal
groups of a polyamide which participate in the reaction
20 is more preferably 30 milliequivalent/kg or more. When
the amount of reactioh-participating terminal groups of
a polyamide is 10 milliequivalent/kg or more, the
reaction at the time of melt-kneading proceeds to a

satisfactory extent, favorably leading to a decrease in

25 an average particle diameter of the dispersion phase.



5 conpound (D)

I's a carboxylic acid group or an acid anhydride group,
.the functional group of the conpound (D) reacts with the term nal am no
group of a polya- mde. Wien the functional group of the conpound (D) is an

am no group or a hydroxyl group, the functional 10 group of the
compound (D) reacts with the term nal carjppxyl group of a pol yam de. Wen
the functional group of the conpound (D) is an epoxy group, the func-
tional group of the conpound (D) reacts with any of the term nal am no and

car boxyl

groups Miderneasgatiniehel average parWildie ebigawitdo dfethe

concentration of termnal groups of a polyamde, it is preferred t
anount of tern wdlsppmaien phiase geadscingdt enly tiee aTedqproveReny in
mlliequivalent/kg or nore. The anmount of termn nal groups of a poI

whi ch partici pam@dhandeal; @pronesting . suqghs afpria
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having a good appearance can be obtalned.

Controlling of the concentration of the terminal

10

15

20

25

groups of a polyamide can be effected by any of custom-
ary methods well known to the skilled in the art. For
example, the concentration of the terminal groups of a
polyamide'can be controlled by regulating the amounts
of a diamine, a dicarboxylic acid and a monocarboxylic
acid during the synthesis of the polyamide.

The polyphenylene ether (B) of the polyamide resin
composition of the present invention can be selected
from a homopolymer comprising recurring units of either
of the formulae (I-a) and (I-b) and a copolymer com-
prising recurring units of both the formulae (I-a) and

(I-b):s

(I-a)



mechani cal properties, such as inpact strength and tensile strength, but

al so an advant age that even when 5 the resin conposition sustains a

hi gh shearing force during an injection nolding, a shaped resin article
havi ng a good appearance can be obtained. Controlling of the concentration
of the termnal groups of a polyam de cangie effected by any of custom 10
ary nethods well known to the skilled in the art. For exanple, the
concentration of the term nal groups of a polyanm de can be controlled by
regul ating the anounts of a diam ne, a dicarboxylic acid and a

monocar boxylic acid during the syn%hesi53of t he pol yam de. 15 The
pol yphenyl ene ether (B) of the poRyam d&resin conposition of the present

either of the fornmulae (l1-a) and (I . a copol yner com ( Jﬁﬁ ng
recurring units of both the fornmu ~3)” and 20 (I-b):q%err] 25 16
[err] 5 wherein each of [err]and [¢g | ndependent |y

5 R r

wherein each of Rl, R2, R3, R4, R5 and R6 independently
represents a monovalent residue selected from the group
consisting of an alkyl group having 1 to 4 carbon

10 atoms, an aryl group having 6 to 12 carbon atoms, a
halogen atom and a hydrogen atom, provided that RO and
R6 are.not concurrently a hydrogen.atom.

Representative examples of polyphenylene ether
homopolymers include poly(2,6-dimethjl-1,4-

15 phenylene)ether, poly(2-methyl-6~-ethyl-1,4~
phenylene)ether, poly(2,6-diethyl-1l,4-phenylene)ether,
poly(2—e£hyl-6—n-propyl—l,4—pheny1ene)ether, poly(2,6-
di-n-propyl-1l,4-phenylene)ether, poly(2-methyl-6-n-
butyl-1,4-phenylene)ether, poly(2-ethyl~6-isopropyl-

20 1;4-phenylene)ether, poly(2-methyl-6~chloroethyl-1,4-
phenylene)ether and poly(2-methyl-6-hydroxyethyl-1,4-
phenylene)ether.

Examples of polyphenylene ether copoljmers include
copolymers having a polyphenylene ether structure as a

25 ‘main structure, such as a copolymer of 2,6-dimethylphe-



represents a nonoval ent residue selected fromthe group consisting of an

al kyl group having 1 to 4 carbon 10 atons, an aryl group having 6 to 12
carbon atons, a hal ogen atom and a hydrogen atom provided that [err] and
[err] are not concurrently a hydrogen atom Representative exanpl es of

pol yphenyl ene et her honopol yners i ncl ude pply(2, 6-dinethyl-1,4- 15
phenyl ene) et her, pol y(2-nethyl-6-ethyl-1,4- phenyl ene) et her,

pol y(2, 6-di et hyl -1, 4- phenyl ene) et her,

pol y(2- et hyl - 6- mgX o -2, 3}; pherimetiey hphenol poa y¢dp@lymer of 2,6- .

di - n-propyl -1, 4- phenyl ene) et her, pol y(2-nethyl-6-n-

but yl - 1, 4- pheny|dsimes ehynkphenol {1 ev+gtresel sopd opy¢op@bymer of 2,6-

1, 4- phenyl ene) et her, pol y(2-nethyl -6-chl oroethyl -1, 4- phenyl ene) et her and
po:y(ﬁ-ne}hyl-64ﬁymﬁtb®&§h®n°h4 :%wﬁw5¢¥ﬂﬁ§¥¥ié#¢n@&a§%¢e%‘%?esol°

pol yphenyl ene et her copol ymers i nclude copol yners havi ng_a_pol yphenyl ene
ether structure as a &% 10ngrﬁ§r¢hﬁr4ﬁ§%ﬁéb EEE%SCgEOFﬁﬁE¥ES§eXt
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of its structure, various phenylene ether units which
have conventionally been proposed for incorporation
into polyphenylene ether resins. Examples of phenylene
10 ether units which'have conventionally been proposed for
incorporation in a small amount into polyphenylene
ether resins include those which are disclosed in
Japanese Patent Application Laid-Open Specification No.
63-301222, i.e., 2-(dialkylaminomethyl)-6-methylphenyl-
15 ene ether units and 2-(N—alkyl—N—phenylaminomethyl)-6-
methylphenylene ether units.

The polyphenylene ether to be used in the present
invention may also contain a small amount of dipheno-
quinone and the like incorporated into a main chain

20 thereof. |

It is preferred that the polyphenylene ether to be
used in the present invention have an intrinsic viscos-
ity (chloroform solution, 30 °C) of from 0.30 to
1.5 dl/g, more preferably from 0.35 to 1.0 dl/g. When

25 a polyphenylene ether having a relatively low intrinsic



be used in the present invention may contain, as a part of its structure,
vari ous phenyl ene ether units which have conventionally been proposed for

i ncorporation into pol yphenyl ene ether resins. Exanpl es of phenyl ene 10
ether units which have conventionally been proposed for incorporation in a
smal | amount into pol yphenyl ene ether resiss include those which are

di scl osed in Japanese Patent Application Laid-Qpen Specification No.

63- 301222, i.e., 2-(dialkylam nonethyl)-6-nethyl phenyl- 15 ene et her
units and 2- (N atigdod\itghers | wsedonste g ldingref hnw progechiest0brthaits.
The pol yphenyl ene ether to be used in the present invention may al so
contain a snal| poixanidd xRgireeompesifoirn k@ high) i@ thrbrBea2Bd into a
mai n chain 20 thereof. It is preferred that the polyghen | ene ether to
be used in the (ReaRANCe R i YPRR Fofin mrtigie Fﬁ%‘&%sﬁil?% Y81l or of orm

SOl e S5 Vool 5 S0t iy Sy S L LR e Bob 0,
oo ren, L SR e et Ny U P VG GBpd
tends to be im the mechanical properties, such as impact strength and
~tensile Strength, of the polyamide resin composition
tends to be increaéed.
In general, the polyphenylene ether to be used in
10 the present invention may have a molecular weight
distribution of 1.5 to 3.5. From the viewpoint of
obtaining a polyamide resin composition having both of
high molding flow properties and high mechanical
properties, such as impact strength and tensile
15 strength, it is preferréd to use a polyphenylene ether
having a broad molecular weight distribution, for
examplé, 3.5 to 6.0. Such a polyphenylene ether having
a broad molecular weight distribution can be obtained
by using a combination of a low molecular weight
20 polyphenylene ether and a high molecular weight poly-
phenylene ether or by subjecting a polyphenylene ether
to a molecular chain-cleaving reaction.
Examples of polymers usable as the styrene polymer
(C) of the polyamide resin composition of the present

25 invention include a homopolymer of a styrene compound



proved. On the other hand, when a pol yphenyl ene ether 5 havi ng a
relatively high intrinsic viscosity is used, the nechanical properties,
such as inpact strength and tensile strength, of the polyanide resin
conposition tends to be increased. In general, the polyphenylene ether to
be used in 10 the present invention ppy have a nol ecul ar wei ght
distribution of 1.5 to 3.5. Fromthe viewpoint of obtaining a polyam de
resin composition having both of high nolding flow properties and high
mechani cal propandi ascopatpmes ofiptwd errmogehdafilerenti sgyrdne comer engt h,
it is preferred to use a pol yphenyl ene ether having a broad nol ecul ar

wei ght di st ri buppandsf or Inxthel pregestt inveptisnehaaSE¥repRe FPMERUNE: her
havi ng a broad nol ecul ar wei ght distribution can be _obtained_by using a
combi nati on of BeaBS AoFemprapd,eepresented by rhsnépymaie égﬁér and a hi gh
nmol ecul ar wei ght pol y- phenyle2§ ether or by subjecting a pol yphenyl ene
ether to a nol ecul ar chain-cle 'ﬁé Reaction. Exanpl es of polyners usable
as the styrene polyner (C) of thg polyam de resin conposition of the
present 25 " invention inclu  hormopol yner of a styrene conpound 19
and a copol yner of two or nore g?b)styrene CofrI)

wherein R represents a hydrogen atom or an alkyl group
having 1 to 4 carbon atoms, Z represents a vinyl group,
10 a hydrogen atom, a halogen atom or an alkyl group
having 1 to 4 carbon atoms, and p represents an integer
of from 0 to 5.
Examples of styrene compounds include styrene, a-
methyl styrene, 2,4-dimethyl styrene, monochlorosty-
15 réne, p-methyl styrene, p-tert-butyl styrene and o-
ethyl styrene.
It is preferred that the styrene polymer (C) be a
homopolymer of styrene, i.e., a polystyrene.
In the present invention, a copolymer of styrene
20 and an o, f-unsaturated carboxylic acid or an anhydride
thereof does not fall within.the definition of the
styrene polymer (C)..
In the present invention, it is requisite that the
styrene polymer (C) in the melt-kneaded product have a

25 reduced viscosity )739/C of 0.70 dl1/g or more. There-



pounds. In the present invention, a styrene conpound neans a conpound
represented by the formula (I11) [err] 5 (11) wherein R represents a
hydrogen atom or an al kyl group having 1 to 4 carbon atons, Z represents a
vi nyl group, 10 a hydrogen atom a hal ogen atom or an al kyl group
having 1 to 4 carbon atons, and p represe2®s an integer of fromO to 5.
Exanpl es of styrene conpounds include styrene, [err]- nethyl styrene,

2, 4-di met hyl styrene, nonochl orosty- 15 rene, p-nethyl styrene,

p-tert-butyl styfere, antth cregpect tyo therepreduction @f ctherpdlyamidene

styrene polyner (C) be a honppol ymer of styrene, i.e., a ol¥styrene. In
or exam-

the present i nvetRsh, CAMRpLEiGR0HtRe PEAREDY inventienan
a, [err] unsat ur at ed carboxyllc aC|d or an an %drlde t her eof goes not fal

within the defiRlgontbils iRretereeld R IUsR 28 F TR T%EQB+% eﬂtsFXF%ﬂFion,

have a 25 s  CLARTRY G TR oY o Tor Pl 6t Brfcrc.

20 5 dl/g or more. However, with respect to the reduced

viscosity of a styrene polymer to be used as a raw
-material in the production of the polyamide resin
.composition, there is no particular limitation as long
as the styrene polymer (C) in the resultant melt-knead-
10 ed product has a reduced viscosity /] sp/C of 0.70 dl/g
. or more. When the styrene polymer (C) in the melt-
kneaded product has a reduced viscosity 7 sp/C of less
than 0.70 dl/g, the impact sfrength of the polyamide
resin composition is drastically lowered, to thereby
15 make it impossible to practically use the resin compo-
sition. It is preferred-that the styrene polymer (C)
in the melt-kneaded product have a reduced viscosity
h sp/C of 0.80 al/g or more. Herein, the reduced
viscosity 7’sp/c of styrene polymer (C) is a value as
20 measured with respect to a solution of a styrene poly-
mer in toluene which has a concentration of 0.5 g/100ml
at 30 °C. In order for the styrene polymer (C) in the
‘melt-kneaded product to have the reqﬁifed reduced
viscosity value, there can be used, for example, a

25 method in which a styrene polymer having a very high



fore, with respect to the production of the polyam de resin conposition of
the present invention, for exam ple, it is preferred to use as a raw
material a styrene polynmer (C) having a reduced viscosity [err] sp/C of 0.8
5 dl/g or nore. However, with respect to the reduced viscosity of a
styrene polyner to be used as a raw mater2hl in the production of the

pol yam de resin conposition, there is no particular limtation as |ong as
the styrene polynmer (C) in the resultant nelt-knead- 10 ed product has
a reduced vi scosredused yisgpeiey /0. 90/ G viyich wowld peknbenssvadlzne
polymer (C) in the pelt- %neaded r oduct gfs a reducg&]viscosity sgLC of

| ess than 0.70 PPRLOYSR FohaRIEHEORMRHTLIRR PORTEH 38 RTRN BBRBELti on
is drastically | red,. to thereby 15 make. it impossible to practically
Use the resin cditbotd sTHS GRECTICTHEOR, 9F FHE PTHEmIHS Le5BnecRBPS R (O
in the nelt-kneaded pr V. eguced, Vi | rls 0.80 dl/g
or nore. Herei n,agf e’ r% u%{'ah vi&?&#%%ﬂ[%r?‘}%égf%%? é‘?yr;éngégg%}ﬁer (O is

a val ue ag de V%?fﬁﬁéi-"f‘éj JddY FESPERS €10 AP UhhO8d PhgacBt ¥heNsLpal V-

mer in tol‘ue ch has a concentration of 0.5 g/100m at [err]. In order

for the styrene pse/"Bslnhdr i {C§ heod@tieknpoele o PO UsbmbOEnbAYE, t BE
requi red reduced viscosity value, there can be used, for exanple, a 25
met hod i n whi ch theteby eupmtesera hbeciense vt yeie gheduced viscosity of
the styrene polymer (C) during the melt-kneading; a
method in which, in order to keep the components of the
10 polyamide resin composition at a relatively low temper-
ature, the melt-kneading of the polyphenylene ether (B)
and the compound (D) is effected in the presence of the
styrene polymer (C) and the optionally employable
rubﬁery polymer (E); and a method in which the morphol-
15 ogy of the screw of an extruder to be used for the
melt-kneading is selected so that a local increase in
the temperature of the components of the polyamide
resin composition during the melt-kneading can be
avoided.
20 : In the present invention, there is no particular
upper limit with respect to the reduced wviscosity
# sp/C of the styrene polymer (C) in the melt-kneaded
product. However, when the reduced viscosity %/ sp/C of

the styrene polymer (C) in the melt-kneaded product is

25 too high, the melt-kneading operation tends to become



21 reduced visdosity [err] sp/C which would not be usually enpl oyed for

I njection nolding is used as a raw materi- al in the production of the

pol yam de resin conposi- tion; a nethod in which a stabilizer for a styrene
5 polymer is added during the nelt-kneading of the sty- rene polyner
(C) together with other conponents, to thgkpeby suppress a decrease in the
reduced viscosity of the styrene pol yner ?C) during the nelt-kneading; a
met hod in which, in order to keep the conponents of the 10 pol yam de
resin conpositiogigfiaulelat tnekrrfbew,t Expar that viewpbiatelft daseadiong of
t he pol yphenyl ene ether (B) and the conpound (D) is effected in the
presence of the shgrmedtpkhpadingCpperdtibea,opti dsapkyfemriedy ahlas rthiebery
polymer (E); and a nmethod in which the norphol- 15 ogy of the screw of
an extruder to-beedueddfuischeinylthpéﬁdbﬁgths styrenedpodynmeat (£) daal
increase in the tenperature of the conponents of the pol yani de resin
conposi ti on duri hhet melheknerdeddpngdust be aesi héghegothan 2.0 dlfg.he
present invention, there is no particular upper limt with respect to the

reduced vidscosity [erThespethed £RE PrpABRéngothReFLYTLnen PRAYMAR ((Uneaded
AT I T LT E T G E R S L
mel t - kneadi ng priﬁﬁkgﬁ,tgﬂﬁstkg 2%§9g§e polymer (C) can be produced by
any of customarily employed methods, such as bulk
polymerization, solution polymerization, emulsion
10 polymerization and suspension polymerization.
_ it is generally preferred that the styrene polymer
(C) in the melt-kneaded product have a molecular weight
distribution of 1.5 to 5.
If desired, the polyamide resin composition of the
15 - present invention may further comprise a rubbery poly-
mer (E) which has been melt-kneaded with the components
(A), (B), (C) and (D), wherein the rubbery polymer (E)
is dispersed, in the polyamide continuous phase, inde-
pendently or in mixture thereof With at least one
20 niember selected from the group consisting of ﬁhe poly-
phenylene ether (B) and the styrene polymer (C), to
form a dispersion phase having an-average particle
diameter of 5 um or less.
Examples of polymers usable as the rubbery polymer

25 (E) include a non-~-hydrogenated block copolymer compris-



22 difficult. Therefore, fromthe viewpoint of ease in the nelt-kneading
operation, it is preferred that the reduced viscosity [err] sp/C of the
styrene polyner (C) in the nelt-kneaded product be not higher than 2.0
dl/g. 5 The net hod for producing the styrene polyner - (C) to be
used in the present invention is not partggularly limted, and the styrene
polynmer (C) can be produced by any of custonarily enployed nethods, such as
bul k pol ynerization, solution polynerization, enulsion 10 .

pol ymeri zat i on aiwg salspemjugated| ghene zednpound tand gewibnpl| grometécr ed
that the styrene polyner (C) in the nelt-kneaded product have a nol ecul ar
wei ght di stri but¢empaiind; 5a thydrogénaieed rproduge ob| Yhei aeoyesbhock
conposition of the 15 present invention nay further conprise a rubbery
poly- mer (E) weepelymebreh fePOlyrendefl oFhvilere 2udpancrelehin: (8) (O

and (D), wherein the_ rubber olymer (E) is djspersed, in the pol 1 d
cont i nuous phaseE°P?&¥Eeﬁeﬂ%e e %Re§r;?h%T%i%g%ﬁe?%%fémP?ﬂyﬁgeFggg} gne

ner (oS « OSSP 581 SREPEEAT FETFARHE Mg p e R BRERLL T
average particlg&g&ﬁngﬁgrgfgug é&ﬁéisf&néqéf'acrylic acid and metha-

crylic acid, and an alkanol having 1 to 8 carbon.atoms;
and a rubber having a core—shell structure in which a
core constituted by'a copolymer of ethylene, at least

10 one member selected from the group consisting of acryl-
ic acid and methacrylic acid, and an alkanol having 1
to 8 carbon atoms, is surrounded by a shell constituted
by.polymethyl methacrylate, wherein the above core-
shell structure may optionally have at least one pair

15 of additional alternating layers formed over the shell
and respectively constituted by the copolymer for the
core and the compound for the shell. These rubbery
polymers may be employed alone or in combination.

The above-mentioned non-hydrogenated block copoly-

20 mer comprising a conjugated diene compound and a vinyl
aromatic compound, is a blbck copolymer comprising at
least one polymer block comprised mainly of conjugated
diene monomer units, and at least one'polymer block
comprised mainly of vinyl aromatic monomer units. The

25 number of the polymer block comprised mainly of vinyl




Exanpl es of polyners usable as the rubbery polynmer 25 (E) include a
non- hydr ogenat ed bl ock copol yner conpri s- 23 ing a conjugated diene
conpound and a vinyl aromatic conpound; a hydrogenated product of the above
bl ock copol yner; a copol yner of ethylene and an [err]-olefin; a copolyner
of ethylene, an [err]-olefin and a polyengy a 5 copol ynmer of ethyl ene,
at | east one nenber selected fromthe group consisting of acrylic acid and
met ha- crylic acid, and an al kanol having 1 to 8 carbon atons; and a rubber

having a core-shghématidChonémep Whi€eh ascprefeeaplit ot ed Mpre.copel ymer of
et hyl ene, at |east 10 one nenber selected fromthe group consisting of

acryl - ic acid apHisehbashyldiroganatedablioek ebpahghekavihg Wetigh® cartlhion
atons, is surrounded by a shell constituted by pol ynet hyl nethacryl ate,
wher ei n t he abovefcthe-vihgl| asomatiarsonepegpundhal £p kheeconjugasdedone
pair 15 of additional alternating layers fornmed over the shell and
respectivel y condiénetmengperhunibpolynpreferabhy énr Ehgngange £&MPound for

the shell. These rubbery oléners may be _enpl oyed 9Ione or ig conbi nat i on.
The abovesnentiohédsﬁoﬁohgg{,@en§9§ﬂ BrefrrabLyl ¢5/38 to fa/ 38onpMh&tng a

conj ugat ed di ene, corpoynd, and, p.viavLyar TR} C,aMRAYMInchindzPATks to

the conjugated diene monomer units is smaller than
15/85, the block copolymer tends to have tackiness,
thereby causing difficulties in handling thereof. On
10 the other hand, when the above ratio is larger than
' 80/20, the block éopolymer becomes high in modulus of
elasticity, so that the ability of the block copolymer
to impart an improved impact resistance to the polya-
mide resin composition tends to be lowered. When the
15 above ratio is higher than 25/75, it is likely that the
block copolymer as the rubbery polymér (E) is dis-
persed, in the polyamide continuous phase, in mixture
thereof with at least one member selected from the
group consisting of the polyphenylene ether (B) and the
20 styrene polymer (C), and this dispersion morphology is
preferred from the viewpoint of improving the heat
resistance and stiffness bf fhe final polyamide resin
composition. From the viewpoint of improving impact
resistance and elongation, it is preferred to use a

25 combination of a block copolymer in which the weight



| east one pol ynmer bl ock conprised nmainly of conjugated di ene nonomer units,
and at | east one polyner block conprised mainly of vinyl aromatic nononer
units. The 25 nunber of the polyner block conprised mainly of vinyl

24 aromatic nononer units is preferably 2 or nore. In this non-hydrogenated
bl ock copol ymer, the weight ratio of the gpnyl araomatic nononer units to

t he conjugated di ene nononer units is preferably in the range fromb5

15/85 to 80/20, nore preferably 25/75 to 65/35. Wen the weight ratio of

t he vinyl aromattratgonefethanviayloarbmatba] mgadbmdrdunhésminorbe gonja- s
smal l er than 15/85, the bl ock copol yner tends to have tackiness, thereby
causi ng di ffi cul gatedi dienadiongmenenndts On sBaller thanobREHO0hapard when
the above ratio is larger than 80/20, the bl ock copolyner becones high in
nodul us of el astbtpely cepolymert B whirht yher wehehb| 52kieopsl Fher vidYilnpart
an i nproved inpact resistance to the gorga- m de resin goggosition tends to
be | owered. Whend¥p@atic monomgy, unikLe; 5O thej GRRAUGRLRA 198 mEnomer; | q| y

pol yar deScont | TUBCES pRASESt| ARATYER, EAPRePEOROA th at | east one menber
sel ected from the groype CRRSLR! LBHo PimblCoBRLYRIEPYhERCaChlfibetBhvRRd geNE

molecular weight of from 30,000 to 300,000, preferably
from 40,000 to 200,000. Wheh the number average molec-
ular weight of the block cop&lymer is less than 30,000,

10 the ability of the block copolymer to impart an im-
proved impact resistance is lowered. On the other
hand, when the number average molecular weight of the
block copolymer is more than 300,000, the melt-
viscosity of the block copolymer becomes high, so that

15 the conditions for the melt-kneading of the block
copolymer with other components are likely to be re-
stricted. When the molecular weight of the block
copolymer is relatively high, from the viewpoint of
improving the mélt-flow properties and dispersion

20 properties of the block copolymer, it is preferred to
incorporate an appropriate mineral oil thereto, to
thereby reduce the melt-viscosity.

Examples of conjugated diene compounds usable in

the block.copolymer include butadiene, isoprene and

25 1,3-pentadiene. These conjugated diene compounds can



20 styrene polynmer (C), and this dispersion norphology is preferred-
fromthe viewoint of inproving the heat resistance and stiffness of the
final polyam de resin conposition. Fromthe viewpoint of inproving inpact
resi stance and elongation, it is preferred to use a 25 conbi nati on of
a bl ock copol yner in which the wei ght Z6ratio of the vinyl aromatic
nonomer units to the conju- gated diene nonomer units is smaller than
50/50, and a bl ock copolyner in which the weight ratio of the Vi nyl
aromati c nononer héiused d-ftqié’%%ﬁldgtatfe’{j in qrnkipriken s Of theses is not

smal | er than 50/50. The block [of0) gener&lgghas a, nunbe average
mol ecul ar wei ght KA F4gRhesh ians ¥§ Aresered:
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aromatic compounds, styrene is preferred.
The molecule of the block copolymer may be of a
linear, a branched or a radial structure, or a combina-
10 tion thereof. When butadiene is employed as the conju-
gated diene compound of the block copolymer, it is
preferred that the microstructure of the polybutadiene
block be such that the polybutadiene block has a 1,4-
cis linkage centent of from 20 to 50 % and a 1,2-vinyl
15 linkage content of from 5 to 40 %.
The ﬂydrogenated product of the block copolymer of
a conjugated diene compound and a vinyl aromatic com-
pound is a product prepared by hydiogenating at least a
part of the aliphatic double bonds of the block copoly-
20 mer. The ratio of the aliphatic double bonds which-are
hydrogenated, i.e., the hydrogenation degree of the
block copelymer, can be arbitrarily selected in the |
range from more than 0 % to 100 %. The higher the
hydrogenation degree, the higher the thermal stability

25 of the block copolymer. Therefore, when the hydrogena-



copolynmer is relatively high, fromthe viewoint of inproving the nelt-flow
properties and di spersion 20 properties of the block copolyner, it is
preferred to incorporate an appropriate mneral oil thereto, to thereby
reduce the nmelt-viscosity. Exanples of conjugated di ene conpounds usable in
the bl ock copol yner include butadiene, ispprene and 25 1, 3- pent adi ene.
These conj ugat ed di ene conpounds can 26 be used individually or in

conmbi nati on. O these conjugated di ene conpounds, butadiene is preferred.

Exanpl es of vi nWicH @8tree GHRNE A5l dsaldapo Imidie 18 asklaoped yyrehighel ude
styrene, [err]-nethylstyrene and 5 vinyl tol uene. These vinyl aromatic
conmpounds can bea Usagkrindy \oflusdhamircd In prrogertateHN. sukh tae seens hié
aromati ¢ compounds, styrene is preferred. The nol ecul e of the bl ock

copol ymer may belaongationand drpeatc as igtangediupontheingrieated a

conbi na- 10 tion thereof. Wen butadiene is enployed as_the conju-
gated di ene comshutihigftheh@usianssigep iy haat jaging prearbe effeetively

m crostructure of the pol ybut adi ene bl ock be su%?dg at the pol yput adi epe

bl ock has5a 1, 4PraventedeagdfTFhtdif WeRBHRL P FLHF 2P 11BPTPYSY 15

1 nkage Contentéﬁ;gﬂé¥né%£gifg%;@ it is preferred that the hydrogena-
tion degree be in the range from 70 to 100 %, most
preferably 100 %. On the other hand, from the view-
point of achieving an improved weld-line impact

10 stiength, it is preferred to use a non-hydrogenated
block copolymer alone or ih-combinatien with a hydroge-
nated block copolymer. When a non-hydrogenated block
copolymer is used in combination with a hydrogenated
product, the amount of the non-hydrogenated block

15 copolymer is preferably equal to or larger than the
amount of the hydrogenated block copolymer. In the
preseht invention, the term "weld—iine“ means the line
or surface along which a polymer must reunite and.
adhere to itself after flowing around an interference

20 in the mold cavity during molding. A polymer block
comprisedlmainly of a conjugated diene has aliphatic
double bonds in both a main chain thereof and a side
chain thereof. When the aliphatic double bonds of only

" the side chain are hydrogenated, the glass transition

25 temperature is advantageously low and the thermal



The hydrogenated product of the block copolynmer of a conjugated diene
conpound and a vinyl aromatic com pound is a product prepared by
hydrogenating at |east a part of the aliphatic double bonds of the bl ock
copoly- 20 mer. The ratio of the aliphatic double bonds which are
hydrogenated, i.e., the hydrogenation deggge of the bl ock copolynmer, can be
arbitrarily selected in the range fromnore than 0 %to 100 % The hi gher

t he hydrogenati on degree, the higher the thermal stability 25 of the

bl ock copol yner .stalbEl efprisecoss High hysh ogleana-the £inal opolipgmbdeof the
bl ock copolynmer is relatively high, a |owering of nmechanical properties,
such as tensile mésmgad:dmposamidnnm;mmmiexeetbenumm bepagt heasbetduri ng
the processing or heat aging, can be effectively 5 prevented, Fromthe
vi ewpoi nt of actdnse raf oh IopriaRpRRafrRl ANAM 152 yin | tensile e bPRGY-t hat
t he hydrogena- tion degree be in the range from70 to 100 % Hé
preferably 100 %iqmh and HIBRSE EBRLSYe th?Ww%ﬁP° ntC Jteak HHRGIRG an

I mproved meld i act 10 tre r ef er use a

non- hydr o§enat eotr}lﬁ ﬁ oa}g’rl}g c%‘frbﬁh%t?%# %e Ry oge-
nat ed bl ock copohy t e a non- hydrogenated bl ock copolyner is used in
combi nation witH ém% dbe at ed

As mentioned above, a copolymer of ethylene and
a-olefin can also be employed as the component (E). The
a-olefin is an uneaturated hydrocarbon compound having

10 3 to 20 carbon atoms. Specific examples of a-olefins
include propylene, butene-1, pentene-1l, hexene-1,
heptene-1, 4-methylbutene-l and 4-methylpentene-l. Of
these, propylene is especially preferred. 1In the
copolymers of ethylene and a-olefin, the weight ratio

15 of the ethylene to the a-olefin is from 5/95 to 95/5,
preferably from 60/40 to 92/8. The Mooney viscosity
(ML 1+4, iOO °C) of the copolymer of ethylene and a-
olefin is from 5 to 200, preferably from 5 to 50. As
mentioned above, a copoiymer of ethylene, a-olefin and

20 polyene can also be employed as the component (E). As
the polyene, a non-conjugated diene, such as 1,4-hex-
adiene, dicyclopentadiene and norbornadiene, can be
used. The polyene content of the copolymer of ethyl-
ene, a-olefin and polyene is preferably from 0.1 to 3

25 $. In the copolymer of ethylene, a-olefin and polyene,



product, the anount of the non-hydrogenated bl ock 15 copolynmer is
preferably equal to or larger than the anount of the hydrogenated bl ock
copolyner. In the present invention, the term"weld-l1ine" neans the line or
surface al ong which a polynmer nust reunite and adhere to itself after
flowi ng around an interference 20 i pg he nold cavity during nol di ng.

A pol ynmer bl ock conprised nainly of a conjugated diene has aliphatic double
bonds in both a main chain thereof and.a side chain thereof. Wen the

al i phati c doubl aHwnglss i6fi 0y dthay-dXEfighai ) tHe sumb e NéSeribde foass
transition 25 tenperature i s advantageously | ow and the thernmal 28

stability becomashdidpolsmdihaif tétchyflarad ol yeowo ef iresiand otlposranga
beconmes excellent in inpact resist- ance at a | ow tenperature, and also in
tensile el onga- df whaweigipaatatriesict dilee etharlengdsedthe weateflimihg 5
the processing and heat aging of the polyam de resin conposition. As

ment i oned above,the cams \arerinfthe lgdsmofarkhg eggolymess rpf:aihth%%n%e

enpl oyed as the conponent (E). The [err]-olefin is an unsaturat

hydr ocar b®n conpseh@®-hafig 10 The Q?QQY ZG%CH?W a‘tbfaﬁ'ﬂsl“L Sp%QQf 7€) of

exanples of [err]-olefins |nclude Iene ut ne-1, h
P ! ]he copolymer o ne, a-0 ln and pé&§%§é is Exene 1,

5 to 200, preferably from 5 to 50. For preventing the
deformation of particles of this copolymer under shear-
ing stress, it is preferred that this copolymer be

10 crosslinked to an appropriate degree.

In the present invention, a rubbery polymer as the
component (E) may be one which has been reacted with
the compound (D) prior to use, thereby modifying the
rubbery polymer. In this case, the modified rubbery

15 polymer (E) tends to be dispersed, in the polyamide
continuous phase, independently, but not in mixture
thereof with at least one member selected from the
group consisting of the polyphenylene ether (B) and the
styrene polymer (C).

20 ’ A preferred example of rubbery polymer (E) is at
least one member selécted from the group consisting of
a block copolymer of a conjugated diéne compound and a
vinyl aromatic compound, and a hydrogenated product
thereof. Especially preférred is at least one member

25 selected from the group consisting of a block copolymer



hept ene- 1, 4-nethyl butene-1 and 4-net hyl pentene-1. O these, propylene is
especially preferred. In the copolymers of ethylene and [err]-olefin, the
wei ght ratio 15 of the ethylene to the [err]-olefinis from5/95 to
95/5, preferably from60/40 to 92/8. The Money viscosity (M. 1+4, [err])
of the copolymer of ethylene and [err]- ojgfinis from5 to 200, preferably

from5 to 50. As nentioned above, a copolyner of ethylene,

20 pol yene can al so be enpl oyed as the conponent (E)

[err]-olefin and
As t he pol yene,

a non- conj ugat e@ fdistigrens diidd bukattikave, adicre hydmygdronasd aeitadhectand
nor bor nadi ene, can be used. The polyene content of the copol yner of ethyl-

ene, a-olefin antheadofene is preferably from0.1 to 3 25

% In the

copol ynmer of ethylene, [err]-olefin and pol yene, 29 the definition of
[err]-olefin is the dammendicdesst idhaye orthehecampananter(DY i Hhene and
[err]-olefin, and the range of the weight ratio of the eth Iene to the

[err]-olefinis Hmmwnmqméﬁ:@s@wqw dWIGIREen

and [err]- oIefln The Moone VISCOSIt 1+ errl]) th ol yner of
et hyl ene, 2a- ol efihereaf ﬁol%ﬁ@ép Q{}éi Mr"ﬂ# ?elo?ﬁsg %‘

For preventlng the deformation of arti of
ing stress, é“ té'roé’ﬁrlg(?rt% s[dﬂ'l t&ﬁ%? tttf? grolp
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a carboxylic acid group, an acid anhydride group, an

epoxy group, an amino group and a- hydroxyl group.

Examples of compounds (D) which have a carboxylic acid

10 group or an acid anhydride group include unsaturated

dicarboxylic acids and derivatives thereof.

Examples

of unsaturated dicarboxylic acids and derivatives

thereof include maleic acid, fumaric acid, chloromaleic

acid, cis-4-cyclohexene-1,2-dicarboxylic acid and

15 anhydrides thereof. Among unsaturated dicarboxylic

acids and derivatives thereof, an o,f-unsaturated

dicarboxylic acid and a derivative thereof are espe-

cially preferred. Specific examples of a,f-unsaturated

dicarboxylic acids and derivatives thereof include

20 fumaric acid, maleic acid and maleic anhydride. Of

these compounds, maleic anhydride is most

preferred.

With respect to these unsaturated dicarboxylic acids,

they can be employed even when they are in the form of

.esters, as long as each of the esters can

be converted

25 to a dicarboxylic acid at a processing temperature.



10 crosslinked to an appropriate degree. In the present invention, a
rubbery polyner as the conponent (E) may be one which has been reacted with
t he conpound (D) prior to use, thereby nodifying the rubbery polyner. In
this case, the nodified rubbery 15 polymer (E) tends to be dispersed,
in the pol yam de conti nuous phase, independently, but not in mxture
thereof with at | east one nenber selected fromthe group consisting of the
pol yphenyl ene ether (B) and the styrene polynmer (C). 20

preferred exanplpxanipliesblosr yomplopmels ((B)) havding axstepoxy ety igetlasteed
fromthe group consisting of a block copol yner of a conjugated di ene

compound and a ‘sicrylgdyoviayilc eddepoand, amn ¢ pexyddrtege mattarradr cdidetancher eof .

Especially preferred is at | east one nenber 25 selected fromthe group
consi sting of afieitock Exepmlaseof cogpoymndst (Dondayiddh @ JWAERXY la riP

hydr ogenat ed product thereof. As nentioned above, the onent ( in the
present inventi &®G H@ﬁﬁ&@ﬁ&tﬁﬁbaﬁﬁqn?%ﬁnnﬂqﬁﬁﬂ4§E§¥TyitiiﬁQﬁ#?a

|
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group, an alcohols represented by the formula: C,H,p,_30H

(wherein n is an integer of 2 or more), unsaturated

alcohols represented by the formula: C,H,,_50H

(wherein n is an integer of 3 or more) and unsaturated

10 - alcohols represented by the formula: C,H,,_-O0H
(wherein n is an integer of 4 or more). Examples of
compounds (D) having an amino group iﬁclude unsaturated-
amines having a structure in which an OH group (hydrox-
yl group) of the above-mentioned unsaturated alcohols

15 . is replaced by an NH, group (amino group). The above-
mentioned compounds as examples of compound (D) can be
used individually or in combination. The amount of the
compound (D) to be used in the production of the polya-
midé resin composition of the present invention is in

20 the range from 0.01 to 3 parts by weight, preferably
from 0.05 to 2 parts by weight, more préferably from
0.1 to 1 part by weight, per 100 parts by weight of the
total of components (A), (B) and (C). When the com-
pound (D) is used in an amount less than 0.0l part by

25 weight per 100 parts by weight of the total of compo-




epoxy group, an am no group and a hydroxyl group. Exanpl es of conmpounds (D)
whi ch have a carboxylic acid 10 group or an acid anhydride group
i ncl ude unsaturated di carboxylic acids and derivatives thereof. Exanples of
unsaturated di carboxylic acids and derivatives thereof include maleic acid,
fumaric acid, chloromaleic acid, cis-4-cygpohexene-1, 2-dicarboxylic acid
and 15 anhydrides thereof. Anong unsaturated dicarboxylic acids and
derivatives thereof, an [err]-unsaturated dicarboxylic acid and a
derivative ther enéntse(Bype(Bliandy(Q)ef thecavetpgei partagiaptissmeter
[err]-unsaturated di carboxylic acids and derivatives thereof include 20
fumaric acid, nme¢€ithecdispevshencphasahidriikelydothesanéawpsakdy, naleic
anhydride is nost preferred. Wth respect to these unsaturated_di ¢carboxylic
aci ds, they can HRT@epl YedthePthpEnandy when kheeorBPHds (Bdt &fs, as
| ong as each of the esters can be converted 25 0 di car boxylic I d
at a processing ?%ﬁ%e+%t%?e@mounﬁlfﬁﬁﬁﬁﬁlE§a5f3c8ﬁ5%ﬁn§¥ Vfﬁgﬁgvﬁﬁﬁ &ﬁﬁ
epoxy group include acrylalycidyl.e r ance n ral, Qi nd
fat. Exanpl es ofp%’éﬁglfx%d‘ge%/‘g}gh%{f/i% gatﬁ%%og%&g’%g%&ﬁg%lgég'ur@jt andl
al cohol s, such a |1yl al , _ 4t e8idne! ofrdsPsrbAdl B8B83 Ol .
‘and unsat ur at ed ccf, 'd 184EPLRY  of a molde idhe! o£4sP§ BBEy2
mer (C) and a discoloration of the polyamide resin
composition are disadvantageously, likely to occur.
The polyamide resin composition of the present
10 invention exhibits a dispersion morphology such that
polyamide (A) is present as a continuous phase in which
the polyphenylene ether (B), the styrene polymer (C)
and optionally the rubbery polymer (E) are dispersed
individually, independently or in mixture thereof to
15 form a dispersion phase having an average particle
diameter of 5 um or less. It is preferred that the
polyamide (A) as a continuous phase be present in an
amount of from 44 to 70 % by volume, based on the
volume of the polyamide resin composition. When the
20 amount of the polyamide (A) is within the above-men-
tioned preferred range, the polyamide resin composition
is especially excellent in surface appearance of a
shaped resin article produced therefrom, flowability at

the'time of molding, heat resistance, and dimensional

25 stability under wet conditions.



al cohol s represented by the fornmula: [err] (wherein n is an integer of 2 or
nore), unsaturated al cohols represented by the formula: [err] (wherein nis
an integer of 3 or nore) and unsaturated 10 al cohol s represented by
the formula: [err] (wherein n is an integer of 4 or nore). Exanples of
conpounds (D) having an ami no group inclugl® unsaturated am nes having a
structure in which an OH group (hydrox- yl group) of the above-nentioned
unsat urated al cohols 15 . i1s replaced by an NH2 group (am no group).

The above- nentioned Toerahoits-men tiemed o bime greocent{d® efinthe used
individually or in conmbination. The anount of the conpound (D) to be used
in the producti @plkfanide pd)as haked ean rthempokune ovf othe hEObY@@éﬁ?

i nvention is in 20 the range fromO0.01 to_3 parts by weig

preferably fromuesin t@@%#‘ilsmby mlgtmlvm% W%f%%ﬁbl'?l?r%ﬁ%ﬂ'&l% 1
part by weight, per 100 parts b ht of the total of, conponents éA
and (C). Wen tH-‘é”?Rﬁﬁe (Nd{ sel?PFrP AR P FERa | HGAMBOREn )E)ﬁrt

nents (A) 5 (5) A @94tk é"‘sratf%v@é%v%%nﬂ% i ot  F8Th apheE on

phase is'1i kel yg&ﬁfefwfmraabéméf ge. i J&furd NSF SR0H oBNeRet e
conpound (D) is

components employed can be calculated by dividing the
weight of each component by the density'of the compo-
nent (measured at 23 °C). From the thus obtained
10 volume of each of the all components employed, the
volume percentage of polyamide (A) can be calculated.
Illustratively stated, for example, when the
polyamide resin composition consists of components (A),
(B), (C), (D), (E), (F), (G) and (H), the volume per-
15 centage of polyamide (A) can be obtained by the follow-

ing formula:

Volume
percentage of
polyamide (A)

20 : alf,
a[fg+bbpb+cAPE+d0°a+e40e+f49f+ggp§+h49h

x 100

wherein a, b, ¢, d, e, £, g and h represent

the respective parts by weight of the compo-

25 nents (A) to (H) andﬁa,ﬁb,/oc,/odyfe./ofr



used in an anmount |arger than 3 parts by weight per 100 5 parts by
wei ght of the total of conponents (A), (B) and (C), a |lowering of a

nol ecul ar wei ght of styrene poly- nmer (C) and a discol oration of the

pol yam de resin conposition are disadvantageously, |likely to occur. The
pol yam de resin conposition of the presenf 10 I nvention exhibits a
di spersi on norphol ogy such that polyam de (A) is present as a conti nuous
phase in which the pol yphenyl ene ether (B), the styrene polyner (C) and

optionally the r Ubbe;% BRI reblreded tdithie reppdotdive deldities
i ndependently or in"m3turé thereof to 15 orm a di spersion phase

having an average pagifi ¢he cdomponentel (A)[ &orJ(Hr. less. It is preferred
that the polyam de (A) as a continuous phase be present in an anount of
from44 to 70 % by vahempoliamddeoresiia vompos itionhefpdheapréserdsi n
conposi tion. Wen the 20 amount of the polyamde (A) is within the
above- men- ti ondavensiionr eontaigdngt pptionadnicompoasnt ddhpdwia i®on is
especiallg excel | ent in surface appearance of a shaped resin article
produced T her ef ddgpersdfabmorphodogyhsuchnthgt Hhegpdyehenylens st ance,

and di nensi onal 25 stability under t condit.i ons, 33.The
above- ment i oned &¥8eFd Bler £8R; § gr@petpgiyme; (C) and the‘ruﬂgery

polymer (E) are dispersed, in the continuous polya-
mide phase, individually, independently or in mix-
ture of at least two members selected from the group
10 consisting of components (B), (C) and (E). When the
styrene polymer (C) is independently dispersed, from
the viewpoint of improving the impact resistance and
tensile elongation of the polyamide resin composi-
tion, it is preferred that the amount of the inde-
-15 pepdently dispersed styrene polymer (C) be as small
és possible, for example, 10 parts by weight or less
.per 100 parts by weight 6f the total of the compo-
nents (A), (B) and (C). When all or a part of the
polyphenylene ether (B) is independently dispersed,
20 or when all or a parﬁ of the rubbery polymer (E) is
independenﬁly dispersed, although the polyamide
resin composition is slightly poor in heat resist-
ance and stiffness, it is excellent in impact re-
sistance énd fatigue resistance prdpértieé, as long

25 as the dispersion phase has an average particle



pol yanm de (A) is based on the volume of the polyam de resin conposition,
inclusive of not .only the essential conmponents (A) to (D), but also any
optional conponents 5 and additives enployed, such as conponent (E)

ot her polyners and a filler. The volunme of each of the conponents enpl oyed
can be cal cul ated by dividing the weight 38f each conponent by the density
of the conpo- nent (neasured at [err] Fromthe thus obtained 10 vol une
of ~each of the all conponents enpl oyed, the vol une percentage of pol yam de
(A) can be cal cgiaheter! bFust umt bxellgsst at 8dchf ar déspewsd onwimenphied. -

pol yam de resin conposition consists of conponents (A), (B), (O, (D, (E
(F), (O and (Hpgytbkatohlireopea- pabt of tbet agbberyppbyamede (E4) isan be
obtained by the follow ing formla: Volunme percentage of polyamide (A) 20
[err] x 100 wheiedependently dispersedginnghp ceprésufust pelyasidaive
parts by melghtpggséhgscggﬁgiyzgo.be obtaigggtah ﬁ)tkg gﬂ%b%@% 34
5 polymer (E) which has been previously reacted with a
compound identicél to the compound (D) is uséd for |
the production of the.polyamide resin compésition; or
when the rubbery polymer (E) is first contacted and
reacted with the compound (D) at a high temperature
10 during the melt-kneading prior to a reaction of the
| rubbery polymer (E) with components other than compo-
nent (D). When the components (B), (C) and (E) are
dispersed in mixture thereof to form a dispersion
phase, the polyamide resin composition is excellent
15 in heat resistance and stiffness. Such a dispersion
morphology that the components (B), (C) and (E) are
dispersed in mixture thereof in the continuous polya-
mide phase is likely to be obtained when the rubbery
polymer (E) is at least one member selected from the
20 group consisting of a block copolymer of a conjugated
diene_compound and a vinyl aromatic compound, and a
hydrogenated product théreof, wherein the weight ratio
of the vinyl aromatic compound to the cbnjugated diene

compound is 25/75 or more. Such a dispersion morpholo-

25 gy that the components (B), (C) and (E) are dispersed



[err] and [err] represent the respective densities of the conponents (A) to
(H. The polyam de resin conposition of the present invention containing
optional component (E) has a 5 di spersi on norphol ogy such that the

pol yphenyl ene ether (B), the styrene polynmer (C) and the rubbery pol yner
(E) are dispersed, in the continuous polyg mde phase, individually,

I ndependently or in mx- ture of at |east tw nenbers selected fromthe
group 10 consi sting of conponents (B), (C and (E). Wen the styrene
polymer (Q) is iinlepintens | thelteperivedchd ramtirmuousvpolyanide i ppadeing the
| mpact resistance and tensile elongation of the polyam de resin conposi -
tion, it is prefean alahde tohtainadi: e@fen hehemdehe nsubberycpeibymey (E)

di spersed styrene polyner (C) be as small as possible, for exanple, 10
parts by weight # nedit rd wigth fehe COPRGhDbf tFRWEERE: WRER hEMR omo-

t A, (B d (0. W | f th I
S Rabonatrt SR st () o B Sl B AR iR, 8L
ol ymer is i tly di d,_alth h I ' i N,
Eon{)lolsitf b s oY oHRe S BBbre FREIRE T TR S P rREeR T reRR 68 e
excellent in i t s Sy St | [ [
n‘pfegseﬁ ;f’o]ﬁesjﬁﬁ ety emgﬁé&ye resi stance properties, as |ong

25 as the di ase ‘has an average particle
In the present invention, irrespective of the

morphology of a dispersion phase, it is requisite that
the dispersion phase have an average particle diameter

10 of 5 um or less, preferably 3 um or less. In the

| present invention, the term "average particle diameter”

of a dispersion phase-means an average particle diame-
ter as measured by the following method. The polyamide
resin composition of the present invention is dissolved

15 in formic acid, and subjected to measurement of an
average particle diameter distribution by means of a
laser diffraction-type particle diameter diétribution
measuring apparatus, model SALD 2000 manufactured and
sold by Shimadéu_Corporation, Japan, at a refractive

20 index of 1.70-0.20i. Thus, a particle diameter distri-
bution (cumulative distribution) of the dispersion
phase is determined. The particle diameter correspond-
ing to 50 volume % in cumulative distribution is taken
as an average particle diameter of the dispersion

25 phase.



35 dianmeter of 5 [err] or less. Such a dispersion norphol- ogy that all or
a part of the rubbery polyner (E) is independently dispersed in the

conti nuous pol yam de phase is likely to be obtained when the rubbery 5

pol ymer (E) which has been previously reacted with a conpound identical to
the conpound (D) is used for the productipn of the polyam de resin
conposition; or when the rubbery polyner (E) is first contacted and reacted
with the conpound (D) at a high tenperature 10 during the nelt-kneadi ng
prior to a reaction aWhdmethellbasyags|paetid¥e didrettenpoficths dibéspetrhan
conpo- nent (D). When the conponents (B), (C) and (E) are dispersed in

m xture thereof siorn @ghase dxgreds dh whasthe tprlyuride tes irs¢pmposbosi tion
is excellent 15 ~  in heat resistance and stiffness. Such a_ dispersion
nor phol ogy t hat &iRN REFRRSHIROQIB)LN (J@Pafl FEyengeh ARGFRILIA f#iQRure
thereof in the contjnuous_polya- mde phase is likely to pe obtai ned when
the rubbery pol \FAFiqQs (With ¢%§£ﬁ°§n£;rﬁhﬁxﬂv%ﬁﬂQRngﬁF¥+?%ﬁt tapgter

O oD Sr o e L Wbkt SR AR IS ik LSRR °
Corpound 1 5 28] TSR o Ry S Y ort i e gs St Efo s “Baper .
conponents (B), t(eQ @Pq:}{éz)dﬂfepé:ﬂ}?rp?%jse is 0.1 pm or more.
Preferred weight proportions [per 100 parts by
weight of the total of components (A), (B) and (C)] of
10 the components to be used for preparing the polyamide
resin composition of the present invention are as
follows:

Component (A) from 25 to 85 parts by weight, prefera-

15 ' | bly from 45 to 85 parts by weight.
Component (B): from 3 to 52.5 parts by weight.
Component (C): from 4.5 to 60 parts by weight.
Component (D): from 0.01 to 3 parts by weight.
Component (E): from 0 to 50 parts by weight, preferé—

20 T bly from 0.1 to 50 parts by weight,

more preferably from 1 to 25 parts by
weight.
Inorganic filler: from 0 to 100 parts by weight,
| preferably from 5 to 50 parts by

- 25 weight.



36 in mxture thereof in the continuous polyam de phase can al so be
obt ai ned, even when the rubbery polynmer (E) is nodified with the conpound
(D). However, when the rubbery polymer (E) is nodified with the conpound
(D) 5 to too high an extent, such a dispersion norphology is |ess
likely to .be obtained. In the present inwagntion, irrespective of the

nmor phol ogy of a dispersion phase, it is requisite that the dispersion phase
have an average particle dianmeter 10 of 5 [err] or less, preferably 3

[err] or |ess. Olthetrthpoiyeesst: | frent ilorto 3ife pasrtm oy eredghtparticl e

di aneter” of a dispersion phase neans an average particle diane- ter as
nmeasured by the follow ng nethod. The pol yam de resin conposition of the
present invention is dissolved 15 =~ in formc acid, and subjected to
measur enent of an avdnagbepgompesd tdoanefethd PrEseRt dMVBR L Ihs i0T 8

| aser diffraction-type particle_dianeter distribution neasurin ar at us,
nodel SALD ZOOOrHHH&F&GFuF@GtaﬁHesGPH‘PWeBWiSm{&)ua@Hrd&r)aﬁ?%r?, efﬁg?],”ht a

but | o ( coml at PBIAEY: Feiehf) =8t ot et DR R DB TreRS nea. The
parti cl e di anet g GaLLRIRORdon 19/50 T8 YAIME HiknCWRY A Stribution
weight ratio exceeds 70/30, the melt-flowability of the
composition is unfavorably lowered, and the improvement
in the light stability is small. On the other hand,

10 when the (B)/(C) weight ratio is less than 20/80, the
compositign becomes poor in heat resistance and impact
resistance.

The rubbery polymer (E) may or may not be used in
the composition of the présent invention, depending on

15 the application fields of the composition. Use of the
rubbery polymer (E) is preferred when it is intended to
improve the impact resistance and coating adhesion of
the compositibn._ When it is desired to.improve these
properties, the rﬁbbery polymer (E) is preferably used

20 in an amount of from 0.1 to 50 parts by weight, per
100 parts by weight of the total of components (A), (B)
and (C). When the amount of the rubbery polymer (E) is
smaller than 0.1 part by weight, per 100 parts by
weight of the total of components (A), (B) and (C), the

25 desired effects cannot be obtained. On the other hénd,



as an average particle dianmeter of the dispersion 25 phase. 37 \Wen
the average particle dianmeter of the diesper- sion phase exceeds 5 [err],

t he pol yam de resin conposi- tion beconmes poor in inpact strength and
tensile elon- gation. Wth respect to the average particle dianeter 5

of the dispersion phase, there is no partigular lower |imt. However,
general ly, the average particle diane- ter of the dispersion phase is 0.1
[err] or nore. Preferred weight proportions [per 100 parts by wei ght of the
total of conponestien (e ABumndf @He ofulitery pelineonpBbhehsslavgée used
for preparing the polyam de resin conposition of the present invention are
as foll ows: Conpehamt5q Aarts dwy 28eighiss per tX0b\parighby pebgkkaof 1the

bly from45 to 85 parts_by wei ght. Conponent (%%e from3 to 52.5 parts by
wei ght . Oorrponerﬁm(aé) of rQﬁﬁ‘EPf!?ll‘bs 602 bar (B) B0 ‘%ht t%nﬁ@ﬂ%ﬂﬁ?ﬂ?n from

0,01 10 3parts DY MRS OTPUE (2104t g £0 PBRESsDY, 1o O
preferablg fron11 to‘£5 fggés%fﬁggw%éﬁnbe used in the composition of
the present invention for improving the stlffness and
heat resistance of the composition. In this case, from
| the viewpoint of improving the stiffness and heat
resistance of the composition, it is preferred not to
10 use the rubbery polymer (E) in combination with a glass
fiber. However, when it is acceptable that the effects
of the use of a glass fiber, i.e., improvement in
stiffness and heat resistance of the composition, would
not be fully exhibited, the rubbery polymer (E) may be
15 used in combination with a glass fiber so as to improve
the impact resistance of the composition.

For melt-kneading the components to prepare the
polyamide resin composition of the present invention,
various types of apparatuses can be employed. Examples

20 of such apparatuses-include an extruder, such as a
twin-screw extruder and é single-screw extruder, a heat
roll, a Banbury mixer and a kneader. of these, an
extruder is preferred, and a twin-screw extruder is
most preferred. Further, it is preferred that the

25 twin-screw extruder have screws adapted to be rotated



| norgani c filler: fromO to 100 parts'by wei ght, preferably from5 to 50

parts by 25 . wei ght . 38 O her polyners: fromO to
30 parts by weight. In the conposition of the present invention, it is
requi site that the conponents (B) and (C) be present in 5 a (B)/(0

wei ght ratio of from20/80 to 70/ 30, noreggreferably from 40/60 to 65/ 35.
When the (B)/(C weight ratio exceeds 70/30, the nelt-flowability of the
conposition is unfavorably | owered, and the inprovenent in the |ight
stability is smaid .tK ddme o twesctioon, ardd have wirenLi{DerdB8lé(GE d0ight ratio
Is less than 20/ 80, the conposition becones poor in heat resistance and

i npact resi stanamrdhe Thébenperature 1 waye ofonuyehbtkpeadind VArvhe
conposi tion of the present invention, depending on 15 _the applijcation
fields of the colgpending on Ushe fYRe® anbLEeiahb| DRRPOYE}IORS 9EeFBFr ed
when it is intended to iq?rove t he i ppact resiﬁtance and coajj ng, adhesi on
of the conpositiIAMPIRRIES 1t PRIFFLY tERFFR %’t%@gﬁvﬁ¥0p£#?iﬁgypﬁﬁé

LAPDer Y PO YT e S SIS Ea S, . 1 B PR BB RAORD: L (2
(B) 360 °C, preferabiy from 260 to 340 °C, and the time for
melt-kneading is in the range from 0.1 to 10 minutes,
preferably from 0.3 to 3 minutes. From the viewpoint
of minimizing a deterioration of the resin components
10 of the composition, it is preferred that the tempera-
ture for melt-kneading be as low as possible. Specifi-
cally, for example, it is preferred that a melt-knead-
ing of the components be conducted at a temperature
which is not lower than the melting temperature of the
15 polyamide and which is not higher than 320 °C. Fur-
ther, in the melt-kneading, a shearing force to be

applied is preferably at least 100 sec™l,

An appropri-
ate selection of the conditions for melt-kneading is
important for attaining a desired dispersion morphology

20 and a desired average particle diameter of the disper-
sion phase. When the dispersion morphology and the
average particle diameter of the dispersion phase do
not satisfy the respective requirements as specified in

the present invention, the polyamide resin composition

25. becomes poor in mechanical properties and surface




and (C). Wien the anmount of the rubbery polymer (E) is smaller than 0.1
part by weight, per 100 parts by weight of the total of conponents (A, (B)
and (O, the 25 desired effects cannot be obtained. On the other hand,
39 when the anmount of the rubbery polyner (E) is |arger than 50 parts by
wei ght, per 100 parts by weight of the togal of conponents (A), (B) and
(©, the conposition becones poor in heat resistance and stiffness. 5

A glass fiber can be used in the conposition of the present invention for

i nproving the stappessaneadoficat shepedtanticdé phedvoegotherefiromn this
case, fromthe viewpoint of inproving the stiffness and heat resistance of
the conposition, it iHBopewér;rag hongtasibhe fipad PﬁéYﬁ@bS@ryeﬁéPyner (E)
in combination with a glass fiber, However, when it is acce 8 t hat the
effects of the u@@mm%tzg%séanﬁé%%.aél °ﬁn5h6v€ﬁsﬁ%rPﬂe§ Ff ﬁggéle nd
heat resistance of the CO%EOSIt [ on, woul d

tha L g Y€ E bltei _the
rubbery pol ymer +E)th8yPEeses inveationy EBﬁbFﬂﬁgf HOUPt fioF BPAES fiber so
fhe comporbnt s {ERRAGHAY LR HBPGARNES FES: AOEoRPELLrraRtar Ehbise8icn:”
| nvention, VarlOygrtgggapfé’agffrgEUEEQ Saﬂpgﬁeﬁgpl8¥ﬁdbeE§§HHh%§neous-
ly charged and melt-kneaded in an extruder. There can
also be mentioned a preferred methqd in which the
polyphenylene ether (B) is first reacted with the
10 compound (D) to obtain a modified polyphenylene ether,
and the modified polyphenylene ether is subsequently
reacted with the polyamide (A). This method is advan-
tageous in that the productlon efficiency is improved.
When the above-mentloned reaction of the polyphe-
15 nylene ether (B) with the compound (D) is effected in
the presence of a peroxide, the reaction rate can be
improved.
When the reaction between the polyphenylene ether
(B) and the compound (D) is effected in the presence of
20 the styrene polymer (C), the melt-viscosity of the
components is lowered, so that the melt-kneading can be
conducted with less energy, and the temperature of the
components during the melt-kneading can be held down to
a relatively low level. Further, in this case, the

25 polyphenylene ether (B) and the styrene polymer (C) can



20 of such apparatuses include an extruder, such as a tw n-screw

extruder and a single-screw extruder, a heat roll, a Banbury m xer and a
kneader. O these, an extruder is preferred, and a twi n-screw extruder is
nost preferred. Further, it is preferred that the 25 tw n-screw

extruder have screws adapted to be rotated 40 in the sanme direction and
have an L/D ratio of 40 or nore. The tenperature and tinme for nelt-kneading
vary depending on the types and wei ght proportions of the conmponents to be

used. General | y behquaemiddie drrimeieaded, sattiNat fulhe ralifdamiady ngf is in
the range from 240 to [err], preferably from [err] and the tinme for

nmel t - kneadi ng | $hen ddmpasdngerf rocfmthel dic gt sniianutpdsm sepredeamasdsd yhiglom 0. 3
to 3 minutes. Fromthe viewpoint of mnimzing a deterioration of the resin
conponents 10 of Whem ddvepgsiliyphenylenies givhsfrer (B ishfiingte reagred-
-ture for nelt-kneading be as | ow as possible. Specifi- cally, for exanple,
it is preferredwitd thergampewnsy-(D)ndoPRIRARS PHIRHiEiqshk ROWRhe LAt a
tenperature which is not |Iower than the nelting tenperature of the 15

pol yani de®and wfneh Sthefot andyide StyFeng mol (Ghand jthe gelya-
ey e g, Bt ) b b uln AP dftfed TR W 1 G8RadO”

ed, the thermal history of the styrene polymer (C) can
be reduced to a minimum and, therefore, a lowering of
the molecular weight can be prevented.

10 | When the reaction between the polyphenylene ether
(B) and the compound (D) is effected in the presence of
the rubbery polymer (E), the melt-viscosity of the
components is lowered [as in the case where components
(B) and (D) are reacted in the presence of component

15 (C)'as described above], so.that the melt-kneading can
be conducted with less energy, and the temperature of
the components during the melt-kneading can be held
down to a relatively low level. However, in this case,
when the rubbery polymef (E) has a high content of

20 unsaturated bonds, a thermal deterioration of the
rubbery polymer (E) is likely to occur. Therefore, it
is preferred to gmploY-a method in which the polyphe-
nylene ether (B) is first modified with the compound
(D), and the rubbery polymer (E) is charged together

25 with the polyamide (A), and kneaded with the modified



ate selection of the conditions for nelt-kneading is inportant for
attaining a desired dispersion norphol ogy 20 and a desired average
particle dianeter of the disper- sion phase. Wen the dispersion norphol ogy
and the average particle dianmeter of the dispersion phase do not satisfy

t he respective requirenents as specified 4% the present invention, the

pol yam de resin conposition 25 becones poor in nechanical properties
and surface 41 appearance of a shaped article produced therefrom
However, as | ongpebyphenylersd extemni de resin conposition satisfies all of
t he reqU|renents defined in the present invention, the conditions for nelt-
5 kneadi ng t he cdhipdneargspegte tmttl'p%lrmamJamS/ useri efdan Fonorgandte,

all of the conponents can be simultaneous- |y charged and nelt-kneaded in
an extruder. Thefellemy ail'fsd—ﬁ)@ﬁ\%ﬁﬂ#%otf@‘br@%wwm%dﬂ%l%lEﬂ t he

pol yphenyl ene et her is first reacted wth the 10 nd t

obt ai B a nodi }‘l ‘}ﬁfiy%efrﬂﬁ SRRASr Lon RE YR %l?‘?’%ﬂo’b%’?? hgﬁgll ﬂe e'?her
i s subsequently th th Thi t hpd d -
Sosobse STt CEEHR e WS PIIESE, by bl A Bl gaRtee”

e (Do £ O Rl e PO YRl s andYEBEmeL BEopBe bLN the
can be improved.
In the present invention, if desired, other poly-

mers can be added to the composition of the present

10 invention, as long as the desired properties of the
present invention are not impaired. For example, a
polymer-type dispersant can be added to the composition
of the present inventioh to facilitate a uniform
micro-dispersion of a dispersion phase in a polyamide

15 eontinuous phase. Examples of such polymer-type dis-
persants include a styrene-butadiene block copolymer in
which the weight ratio of the styrene polymer block to
the butadiene polymer block is relatively high, e.qg.,
from 70/30 to 95/5, and a modified block copolymer

20 which is obtained by reacting the above-mentioned
styrene-butadiene block copolymer with compound (D).
The addition of a polymer-type dispersant is preferred _
because the impact strength of the composition of the
present invention can be further improved.

25 If desired, various types of additives can further



the presence of a peroxide, the reaction rate can be inproved. \Wen the
reacti on between the. pol yphenyl ene ether (B) and the conpound (D) is
effected in the presence of 20 the styrene polynmer (O, the

mel t-viscosity of the conponents is |lowered, so that the nelt-kneadi ng can
be conducted with | ess energy, and the teyperature of the conponents during
the nelt-kneadi ng can be held down to a relatively low level. Further, in
this case, the 25 pol yphenyl ene ether (B) and the styrene polyner (C

can 42 be welde madd atd thireatathosit iidmtof ehelpfewant yimter ticon .
conposi tion of the dispersion phase becones high. Wen the pol yphenyl ene
ether (B) is fi Exampdas ef wddi tilves dmpdunte (@D)rain fompiare agentd; fswch
pol yphenyl - 5 ene ether, and the styrene polynmer (C) and the polya-
mde (A are subsequglidss Hddedt t lreraanbomd kgn dh@adhigker hea thi f::@r
history of the styrene polyner (C) can be reduced to a m ni um and,
therefore, a | ovdriengagttidvdats @xulfdbnresisyfiorstn %é%\ﬁ@ﬁ%ﬁﬂaW@r

When the peaction between the pal yphenyl ene et her and the conpound (D)
s effect®d in SHETHAS @ OwIaR %Hﬂﬁ%ﬁw S5 e OGO, (RORRAIG s Ly

of the conponent s.l.as%::.lccal.\’\z%rre,da[ s%:ab:.l:. L3586 J eresco.rg)a%rlenttsor use

with a polyamide, e.g., a copper compound, an alkali
metal salt of iodine, bromine or the like, or a stabi-
lizer which is suitable for use with a polymer, e.g., a

10 hindered phenol, a phosphorous compound or a hindered
amine; an ultraviolet absorber; a colorant, such as
carbon black or titanium oxide; a mold release agent,
such as a metallic salt of stearic acid or of montanic
acid, or ethylene-bis-stearamide; and an electrical

15 conductivity agent, such as Ketjen Black.

BEST MODE FOR CARRYING OUT THE INVENTION

Hereinbelow, the present invention'will be de-
- scribed in more detail with reference to the following
Examples and Comparative Examples, but they should not
20 - be construed to be limiting the scope of the present
invention.
In the Examples énd Comparative Examples, the
following materials were used as components (A) to (I).

(A) Polyamide
25 (A-1): 6,6-nylon having a relative viscosity (?r)



(B) and (D) are reacted in the presence of conponent 15 (O as

descri bed above], so that the nelt-kneadi ng can be conducted with | ess
energy, and the tenperature of the conponents during the nelt-kneadi ng can
be held down to a relatively |low |l evel. However, in this case, when the
rubbery polynmer (E) has a high content ofgg0 unsat urated bonds, a
thermal deterioration of the rubbery polyner (E) is likely to occur.
Therefore, it is preferred to enploy a nethod in which the pol yphe- nyl ene
ether (B) is firsf 2o0if{=8 meéddutdd sonpdudd YIih nespett tabded§.pokyner
(E) is charged together 25 wi th the pol yam de éﬁ%, and kneaded with the
modi fi ed 43 pshyfimehy | @okd cshbutigit therepfytand havingnacdensityeodf an
inorganic filler, it is pgeferred that the inorganic filler be added to the
conmposi tion aftek- b lgéemponents (A) to 5 (E) have been nelt-kneaded.

By using an inorganic filler, mechanical, propertjes,and thermg| pr rties
can be inproved. In th@=ptesehtnYIRRRIGHI ¢ FRLFTEES Bfﬁ%?sngyfﬁﬁgrs can

be puded tg e STRORA! |90 BlokURedISEoML 0 il ERLLETS0%F b818 g0 (e
a sulfuric acid solution thereof) and having a density of
1.14 g/cm3
(B) Polyphenylene ether
(B-1): poly(2,6-dimethyl-1,4~-phenylene)ether
10 having an intrinsic viscosity of 0.38 dl/g (as measured
at 30 °C with respect to a chloroform solution thereof)
and having a density of 1.06 g/cm3
(B-2): poly(2,6-dimethyl-1,4-phenylene)ether
having an intrinsic viscosity of 0.50 dl/g (as measured
15 at 30 °C with respect to a chloroform solution thereof)
and having a density of 1.06 g/cm3
(C) Polystyrene
(C-1): a polystyrene having a reduced viscosity
(1sp/C) of 0.92 dl/g (as measured at 30 °C with respect
20 to a toluene solution thereof) and having a density of
1.05 g/cm3.
(C-2): a polystyrene having a reduced viscosity
(7sp/C) of 1.13 dl/g (as measured at 30 °C with respect
to a toluene solution thereof) and having a density of

25 1.05 g/cm3



pol ynmer-type di spersant can be added to the conposition of the present
invention to facilitate a uniform m cro-dispersion of a dispersion phase in
a pol yam de 15 conti nuous phase. Exanples of such polyner-type dis-
persants include a styrene-butadi ene bl ock copol yner in which the wei ght
ratio of the styrene polyner block to thedutadiene polynmer block is
relatively high, e.g., from70/30 to 95/5, and a nodified bl ock copol yner
20 which is obtained by reacting the above-nenti oned styrene-but adi ene
bl ock copolynmer with conpound (D). The addition of a polymner-type

di spersant is preferred because the inpact strength of the conposition of
the present inventiongad) Pe 4 PWohpstyrgioVeakvidp a reduced|¥vislessity,
various types of additives can further 44 be added to the conposition of
the present invefilspfC) Bxndl s d¥/qdhs imessured wafe 30 r %€ wbtki ngspgeht ,
such as a glass fiber, a carbon fiber or a whisker; a filler in a
particul ate or fidbrouwolueng spXution cthexeef) and havipd asdensbtyanfc
phosphat e or a hal ogen cquound; a plasticizer; a stabilizer which is
suitabl e for uself fgémeﬂyanide, e.g., a copper conpound, an alkali netal

salt of iodine, bromne or the like, or a %Eabj- lizer mhigh S sul%able
for use wi%h a pol yme@c"%).ig. a polystyrene having a reduced visScosity

(Qsp/C) of 0.80 dl/g (as measured at 30 °C with respect
to a toluene solution thereof) and having a density of
1.05 g/cm3
(C-5): a polystyrene having a reduced viscosity
10 (sp/C) of 0.51 dl/g (as measured at 30 °C with respect
to a toluene solution thereof) and having a density of
1.05 g/cm?
(D) A compound having in a molecule thereof é carbon-
to-carbon double bond and at least one functional groug'
15 selected from the group consisting of a carboxylic acid

group, an acid anhydride group, an epoxy group, an
amino group and a hydroxyl group

(D-1): Maleic anhydride

(E) Rubbery polymer

20 (E-1): Styrene-butadiene block copolymer (TUF-
PRENE 200, manufactured and sold by Asahi Chemical
Industry Co., Ltd., Japan) having a density of 0.94
Q/cm3.

(E-2): Hydrogenated styrene-butadiene block

25



10 _hindered phenol, a phosphorous conmpound or a hindered am ne; an
ul travi ol et absorber; a colorant, such as carbon black or titanium oxide;
nol d rel ease agent, such as a netallic salt of stearic acid or of nontanic

acid, or ethylene-bis-stearam dé; and an el ectrical 15 conductivity
agent, such as Ketjen Black. BEST MODE FQR CARRYI NG OUT THE | NVENTI ON
Her ei nbel ow, the present invention will be de- scribed in nore detail with

reference to the foll owi ng Exanpl es and Conparative Exanples, but they
shoul d not 20 copElyenst (TURIPE® HE0E1 Nimamgfddiensedpendfsobd pyesent

I nvention. In the Exanples and Conparative Exanples, the follow ng

materi al s were ussethiasClosmiomaike irdysYry 4l ) .LEdy, RAapam) deaving a

(A-1): 6,6-nylon having a relative yiscosity [err] 45 of 2.01 (as
measured at [errdengity rebpecdl ta/em95.5 % sul furic acid solution thereof)
and having a density of 1.14 g/cnB (A-2): 6-nylon having a relative
viscosity [err] LE) Pergxidels (as neasured at [err] with respect to a 95.5

% sul furic acid solution thereof) and havi ' _
i 5 (P e O BRS I e R fydlenst ty of 114 g/cnB

(F-2): dicumyl peroxide
(G) Styrene-maleic anhydride copolymer
(G-1): DYLARK 232, manufactured and sold by Arco
Chemical Co., U.S.A., which has a density of 1.08 g/cm3
10 (H) Glass fiber
| (H-1): Glass fibers having a fiber diameter of
13 uym, a lehgth of 3 mm and a density of 2.40 g/cm3,
‘and the surface of which has been treated with an:
aminosilane
15 (1) Rubber—reinforced polystyrene
(I-1): A rubber-reinforced polystyrene containing
12 % by weight of a polybutadiene, and having a rubber
particle diameter of 0.8 um and a density df_1.05 g/cm3
In each of the Examples and Comparative Examples,
20 a specimen was prepared from a pelletized composition
by means of an injection molding machine, model IS80C
(manufactured and sold by Toshiba Machine Co., Ltd.,
Japan) under-conditions such that a cylinder tempera-
ture is 280 °C, a mold temperature is 80 5C, and a

25 molding cycle time is 1 minute. The properties of the

a



(B) Pol yphenyl ene ether (B-1): poly(2,6-dinethyl-1,4-phenyl ene)ether 10

having an intrinsic viscosity of 0.38 dl/g (as neasured at [err] with
respect to a chloroformsolution thereof) and having a density of 1.06
[err] (B-2): poly(2,6-dinethyl-1,4-phenyl ene)ether having an intrinsic
viscosity of 0.50 dl/g (as neasured 15 4gat [err] with respect to a
chl orof orm sol ution thereof) and having a density of 1.06 g/cnB8 (C

Pol ystyrene (C1):

dl /g (as measur

a polystyrene having a reduced viscosity [err] of 0.92

efp&d imhén e tdetSahbtéd 20n accopdantel wetk sheutesn

thereof) and having a density of 1.05 [err] (C2): a polystyrene having a

reduced vi scosi tigetlesds désdrilldedl | beldws ntlesunedpbolgyrdfwihe spepéet to
a toluene solution thereof) and having a density of 25 1.05 [err]
(CG-3): a pol yst ynemewanvwaried rdeperding seosthy test|method7asddeg (as

measured at [err] with respect to a toluene solution thereof) and having

density of 1.05 §eriped below. Wikh mespechot9sthe AEeRAIPNPaEtLEdCced

Vi scosity 5

10

15

20

diameter of a dispersion phase, the volume percentage
of a polyamide, and the 73p/c of a polystyrene, meas-
urements were also conducted according to the following
test methods. |

(1) Light discoloration (AYI)

A specimen having a size of 2 inch x 1/2 inch x
1/8 inch was prepared. A YI (Yellow Index) value of
the specimen was measured by means of a colorimeter
and, then, the specimen was exposed to ultraviolet rays
at a wavelength of 313 nm for 5 hours. After the
exposure, a YI value of the specimen was again meas-
ured. The YI value before the exposure was subtracted
from the YI value after the exposure to obtain a AYI
value. The smaller the AYI value, the higher the
resisﬁance to light discoloration (yellowing).

(2) Izod impact strength

A notched specimen having a size of 2 inch x 1/2

inch x 1/8 inch was prepared. An Izod impact strength

25

of the specimen was measured in accordance with ASTM
D256 (measuring temperature: 23 °C).

(3) Impact brittle break ratio

46

a



[err] of 0.80 dl/g (as measured at [err] with respect to a toluene. .
sol ution thereof) and having a density of 1.05 [err] (C5): a polystyrene
having a reduced viscosity 10 [err] of 0.51 dl/g (as nmeasured at [err]
with respect to a toluene solution thereof) and having a density of 1.05
[err] (D) A conmpound having in a nol ecul e 4gereof a carbon- to-carbon
doubl e bond and at [east one functional group 15 sel ected fromthe
group consisting of a carboxylic acid group, an acid anhydride group, an
epoxy group, an am ROosgéolijeAnHaaihgdaosikzegodu®O( Mml)yx SOhimm o &2nibydim de
(E) Rubbery polyner 20 (E-1): Styrene-butadi ene bl ock copol yner
(TUF- PRENE 20wasnpneparedredThadfedlowiingAtest C(Heepcaeighdudmpadaty. test)
Ltd., Japan) having a densitg of 0.94 [err]. &E—Z : dr ogenat ed
styr ene- but adi eae gpndircped bysmeasgopfnBERAPHICTEMPAETS TE (@B AFand
sol d by Asahi Chem cal Industry Co., Ltd., Japan) having_a density of 0.91
[err].y tured and sold b% TOYO SEIKI SE SA& -SHO,thd., Ja an).0 9
5 The specimen was horizontally held between upper and
lower holding rinés each having a hole of a 38-mm diameter
so that both holes are positioned to be in fegister with
each other. A falling weight having a weight of 11.5 kg
was lifted above the specimen to a height of 130 cm (dis-
10 tance between the forward end of the falling weight and the
upper surface of the specimen), and allowed to fall and
collide wiﬁh the specimen at its portion exposed through
the hole of the upper holding ring. The test was conducted
5 times, and in every test, a fresh specimen was used.
15 The ratio of the number of broken specimens suffering
a brittle fracture to the number of specimens tested,.is
shown in Table 3.
(4) Heat distortion temperature
A specimen having a size of 5 inch x 1/2 inch x 1/8
20 inch was prepared. A heat distortion temperature was
measured in accordance with ASTM D648 (load: 4.6 kg/cm2
and 18.6 kg/cm?).
(5) Average particle diameter of a dispersion phase
A polyamide resin composition was dissolved in

25 formic acid, and subjected to measurement of an average

particle diameter distribution by means of a laser



(F) Peroxide 5 - (F-1): di-t-butyl peroxide (F-2): dicunyl
peroxide (G Styrene-maleic anhydride copolynmer (G 1): DYLARK 232,
manuf actured and sold by Arco Chemical Co., U S A, which has a density of

1.08 g/cnB8 10 (H dass fiber (H1): dass fibers having a fiber
dianeter of 13 [err], a length of 3 nmang) a density of 2.40 [err], and the
surface of which has been treated with an am nosil ane 15 (n)

Rubber -rei nforced pol ystyrene (I1-1): A rubber-reinforced pol ystyrene

containing 12 ‘Vodasfﬂ&%icgﬂtorpftgqaep@mta@ Aiamedutr REE N rut ik aiegsut+ cl e
dianeter of 0.8 [err] and a density of 1.05 [err] In each of the Exanples

and Conparati ve impppaxatils, models [SAIIDEY0 Ovaa mrferanarked raond eseld [y i zed
conposition by nmeans of an injection nolding nachine, nodel 1S80C
(manuf act ur ed arshismaldezvo\Cokpsiriade dvhc RiapanGo at 1a dief xhgiiye umiex of
conditions such that a cylinder tenpera- ture is J[err] a nold tenperature
is [err], and a1250-0.2{H di Mhudyiclee RATRqle digmaker ditferiHpdnies of
the : 48 sspeci n(ecrllJ,mvt\ﬁraei\:iQrEg %rinsitr;:%.%uitr}.o%c)c %rfd %:%Cee dvgs'[prlaxts@.eor'{ ep tase was
determined. The particle diameter corresponding to 50
volume % in cumulative distribution was taken as an
average particle diameter of the dispersion phase.
(6) Surface appearance
10 A speciﬁen having a size of 90 mm x 50 mm x 2.5 mm
was prepared. The surface appearance of the specimen
was examined by the naked eye in accordance with the
following three criteria:
o : good
15 A ¢ fair
X : poor
(7) Whitening in a weatherometer test
A specimen having a size of 2 inch x 1/2 inch x
1/8 inch was ﬁreparéd. The specimen was subjected to-a
20 weatherometer test by means of SUNSHINE LONG-LIFE
WEATHER METER manufactured and sold by Suga Test In-
struments Co., Ltd., Japan, at 63 °C for 100 hours
under rainy conditions. Any whitening on the surface

of the specimen was examined by the naked'eye in ac-

25 cordance with the following three criteria:



nmet hods descri bed bel ow. The norphol ogy of the speci- nen was varied
dependi ng on the test nethod as de- scribed below. Wth respect to the
average particle 5 di aneter of a di spersion phase, the vol une
percentage of a polyam de, and the [err] of a polystyrene, meas- urenents
were al so conducted according to the fol lspw ng test nethods. (1) Light

di scoloration [err] 10 A specinen having a size of 2 inch x 1/2
inch x 1/8 inch was prepared. A Yl (Yellow Index) value of the speci nen was
measured by neans of & calorwhitexiirsnd, then, the specinmen was exposed to
ultraviolet rays at a wavel ength of 313 nmfor 5 hours. After the 15
exposure, a Yl val ueMf: tdlegpeorhigrenvieng agai n neas- ured. The Yl val ue
before the exposure was subtracted fromthe Yl value after the exposure to
obtain a [err] val ue.X ThazafltiewhiHenidg| val ue, the higher the

resistance to light discoloratiaon, ((yell ow . 20 (2) 1zod inpact
strength A notched spet) @PWW@%‘%%&“Q@%?? fctP% 1/2 inch x 1/8 inch

BGcor dance wi t h ASTVAARECHRSTS (TGRS it A gy 4 REPEHG 8 11 o)
| mpact brittlel%fﬁ%hr§¥i§)mm was prepared. The thickness of the
specimen was varied from 0.3 mm to 3.2 mm, as described
in Table 1. 1In each of Examples 1 and 4 and Compara-
tive Example 3, each given below, a length of molding
10 flow was measured with respect to each of specimens
having respective thicknesses of 0.3 mm, 0.7 mm, 1.0 mm
and 3.2 mm. .Then, the respective lengths of molding
flow in Examples 1 and 4 and Comparative Example 3 were
divided by the length of molding flow in Comparatiye
15 Example 3. Based on the resultant values, a small-
thickness molding flow of a polyamide resin composition
was evaluated in Examples 1 and 4 and Comparative_
Example 3.
(9) Volume percentage of a polyamide
20 : The volume percentage of a polyamide in a polya-
mide resin composition was calculated from the respec-
tive densiﬁies and weight proportions of all components
used for préparing the polyamide resin composition.
(10) Reduced viscosity (ysp/C) of a polystyrene in

25 a polyamide resin composition



49 A specinen having a size of 90 nmx 50 mMm x 2.5 mm was prepared. The
foll owing test (Drop-weight inpact test) was conducted by neans of GRAPHI C
| MPACT TESTER (nmanufac- tured and sold by TOYO SEI KI SElI SAKU- SHO, Ltd.
Japan). 5 The speci nen was horizontally held between upper and

| ower hol ding rings each having a hol e of 38-mm di aneter so that both

hol es are positioned to be in register with each other. A falling weight
having a weight of 11.5 kg was |ifted above the specinen to a height of 130

cm (dis- 10 tance bel WAVanitld alawdiidk & Hfcdit@rh@dd havwd ot anel the

upper surface of the specinen), and allowed to fall and collide with the
specinen at its pelliets @€ aseodlyanddgh rded lhadompals idionwielichdal rgedn ng.
The test was conducted 5 tinmes, and in every test, a fresh speci nen was
used. 15 obtaimad dyofextthm sigwmbao lofing elsen meddmidevistls fidmwiag a
brittle fracture to the nunber of specinens tested, is shown in Table 3.
(4) Heat di st ortP&ddvedpsy &he @egudfasntndd Htarenyas Fudjestesl itriren-4/ 2
inch x 1/8_20 i nch was prepared. _A heat distortjon tenperature was

measured i ™ accofddtdgakilon ASTiHhesePY SeRdrates &k LERELHHPM PRRSR)/ cne) .
(9) Average part Lol et olugh @ B0 MR AP USSR LF
oo ement of 2R IRGHAYC Y iriled . I FHR' iU Uil eIV pHERA S 2
treated with toluene to obtain a mixture, and the
mixture is subjected to centrifugation. Then, the
10 upper layer of the centrifuged mixture was collected,
and a polystyrene and a polyphenylene ether in the
upper layer were precipitated from methanol. The pre-
cipitated mixture of polystyrene and polyphenylene
ether was dried. The dried mixture was dissolved in
15 methylene chloride at a room temperature and allowed to
stand at -io °C for 24 hours, to thereby crystallize
the polyphenyiene ether. The polyphenylene ether was
filtered off to obtain a methylene chloride solution of
the polystyrene. The obtained methylene chloride
20 solution was treated with methanol to obtain the po-
lystyrene, followed by drying. To the dried polysty-
rene was added toluene. The reduced viscosity (7sp/C)
of the polystfrene is measured at 30 °C with respect to
a 0.5 g/dl toluene solution of the polystyrene. The

25 above-mentioned drying procedure was conducted under



50 diffraction-type particle dianeter distribution nmeasur- ing apparatus,
nodel SALD2000 nmanufactured and sold by Shimadzu Corporation, Japan, at a
refractive index of 1.70-0.20i. Thus, a particle diameter distribution 5
(cunul ative distribution) of the dispersion phase was determ ned. The
particle diameter corresponding to 50 volgge % in cumul ative distribution
was taken as an average particle dianeter of the dispersion phase. (6)

Sur face appearance 10 A speci men having a size of 90 mMmm x 50 nm X

2.5 mMmwas preparLeuun et S50 f o€ ec P PE@IReees f the speci men was exam ned by
t he naked eye in accordance with the followng three criteria: o : good 15

[err]: fair x : mesipld)lWitening in a weatheroneter test A specinen
having a size of 2 inch x 1/2 inch x 1/8 inch was prepared. The specinen
- was subjected to a 20Extrusion heo bdiatgrof est chyposbhtonf wasNSHEKEed ONGELI FE
VWEATHER METER manuf actured and sold by Suga Test In- strunents Co., Ltd.,
Japan, at [err] usind (D twin-sscrrierextiryder ofich oppntains i PEAradisy t he
surface 5 of zones including a first stage zone and a second
stage zone. The first stage zone of the extruder has a
hopper for feeding components (B), (C) and (D), and the
second stage zone of the extruder has a vent for feed-
ing other components. The rotation directions of the
10 two screws are fhe samé, and each of the screws has a
diameter of 25 mm.

24 parts by weight of component (B-1), 16 parts by
weight of component (C-1), and 0.16 part by weight of
component (D-1) as a modifier were fed to the first

15 stage zone of the twin-screw extrudér through the
hopper. On the other hand, 50 parts by weight of
component (A-1), 10 parts by weight of component (E-1),
0.15 part by weight of tris(2,4-di-t-butylphenyl)phos-
phite (IRGAFCS 168, manufactured and sold by Chiba-

20 Geigy Limited, Switzerland), 0.15 part by weight of
zinc oxide, 0.15 part by weight of zinc sulfide and, as
colorants, 0.5 part by weight of titanium oxide and
0.0015 part by weight of carbon black were fed to the

second stage zone of the extruder through the vent.

25 ' Extrusion-molding of the resultant composition was



of the speci nen was exam ned by the naked eye in'ac~ 25 cordance with
the following three criteria: 51 0 : no whitening A : slight whitening x
drastic whitening (8) Snall-thickness nolding flow 5 A speci nmen
having a spiral shape and having a width of 5 nmwas prepared. The
t hi ckness of the specinmen was varied fromf.3 mmto 3.2 mm as described in
Table 1. In each of Exanples 1 and 4 and Conpara- tive Exanple 3, each
given below, a length of nolding 10 fl ow was nmeasured with respect to
each of speci mensedfosmesd reas 300 | V@ dthidheasges 16 €théraby Obfaim 1.0 mm
and 3.2 nmm Then, the respective lengths of nolding flowin Exanples 1 and
4 and Conparat i \pelbeatrgpl e 3 were divided by the Iength of nolding flowin
Conparative 15 Exanpl e 3. Based on the resultant values, a smal] -
t hi ckness nol di ng f| &hest, & RPSINIE TasiPrepasrsi from the rehlebfelyin
Exanpl es 1 and 4 and Conparative Exanple 3. (9) Volu rcentage, of a
pol yamide 20  injectigfe ROtdiRE RS e 9 Q‘%d“%ﬁ‘gea? ns%gf)bgﬁé- m de
re -
st Con%O_SI ti Ocnalviays eas!ccruilbaetcf dagorwpen,] tahr?d " e;gzropert:i.es of the speci-
men were determined in accordance with the test methods
as specifically described above. With respect to the
average particle diameter of a dispersion phase, the
‘volume peréentage of a polyamide, and the 7sp/C of a
10 polystyrene, measurements were conducted according to
the test methods as also specifically described above.
Results are shown in Table 1.
An electron photomicrograph of the polyamide resin
composition: obtained in Example 1 is shown in Fig. 1.
15 The electron photomicrograph of Fig. 1 was taken by
means of a transmission-type electron microscope,
utilizing an osmic acid staining method. With respect
to the electron photomicrograph of Fig. 1, the magnifi-
cation is indicated by a unit line (having a length of
20 1 ' cm) shown below the photomicrograph, which represents
an acﬁual length of 2 um.
Examples 2 to 4 and Comparative Examples 1 to 4
Substantially the same procedure as in Example 1

was repeated, except that the weight ratio of component

25 (B) to component (C) [(B)/(C) weight ratio] was changed




tive densities and wei ght proportions of all conponents used for preparing
t he pol yam de resin conposition. (10) Reduced viscosity [err] of a

pol ystyrene in 25 a pol yam de resin conposition 52 A pol yam de
matri x as a continuous phase in the pellets of a polyamde resin

conposi tion which had been obtained by extgglsi on-nolding was nmelted wth
formc acid, and the resultant m xture was subjected to cen- 5

trifugation to thereby separate a dispersion phase therefrom Then, the

di spersi on phase y@ssNaeeth Wikl eel hangdsangs e thldbesHbinedifi PRBLEI ON
phase was treated with toluene to obtain a mxture, and the mxture is

subj ected to centxjfugation. Then, the 10 upper |ayer of the
centrifuged m xture was coIIected, and a pol ystyrene and a pol yphenyl ene
ether in the upper | ayBromethe presultis b dEfamplercl hamd| Exatpelese2 to 4
cipitated m xture of polystyrene and pol yphenyl ene ether was dried. The
dried mxture wasanil emparptive Examples hly/| thet chioriglefeund thatn when
tenperature and all owed to stand at [err] for 24 hours, to_thereb

crystal liz@ the pei§pHelid@herhaits Tated pbt W%n@‘%’i h’é‘P/%s %/]i‘ﬁt ered
off rogPtain a et il one. S L ol P fled Ny BV YL Ssa I 8 on
for 5 hours is remarkable so that yellowing occurs, and
that the whitening in a weatherometer test is also
remarkable (Comparative Examples 2, 3 and 4). On the
10 other hand, it is also found that when the (B)/(C)
weight ratio is smaller than 20/80, the Izod impact
strength is low, and that the surface appearance of the
specimen is poor'(Comparative Example 1). |
The length of molding flow which was measured with
15 respect to each of specimens having respective thick-

nesses of 0.3 mm, 0.7 mm, 1.0 mm and 3.2 mm in Compara-

tive Example 3 is given below.

Thickness |Length of molding flow
20 ' ' 0.3 mm 3.7 mm
0.7 mm 63 mm
1.0 mm 145 mm
3.2 mm 397 mm

25 The respective lengths of molding flow in Examples



20 solution was treated with nethanol to obtain the po- |ystyrene,
foll owed by drying. To the dried polysty- rene was added tol uene. The
reduced viscosity [err] of the polystyrene is nmeasured at [err] with.
respect to a 0.5 g/dl toluene solution of the polystyrene. The 25

above-nentioned drying procedure was condugt ed under 53 vacuum at [err]
for 10 hours. Exanple 1 Extrusion nolding of a conposition was carried out
using a twin-screw extruder which contains a plurality 5 of zones

including a first anaga aeide ComatatdveNExdimple ZoRrelE Vided 15 agee zone
of the extruder has a hopper for feeding conponents (B), (C) and (D), and
t he second st age leagthofoft imelebinguddiowhdsn Lompalraftdivel dbmpley It heBased
conponents. The rotation directions of the 10 two screws are the sane,
and each of the swr dhe kesud tdndnwaduesf, 25smallrthigknessy mogidjing of low
conmponent (B-1), 16 parts by weight of conmponent (C-1), and 0.16 part by
wei ght of conpon@ft & polyazide wesin compoed tien was valuasedsin Exaage
zone of the tw n-screw extruder through the hopper.. On the other hand, 50
parts by mglght glegodpanentt GR-1F°mE9rE§ﬁW§ applght -of component (E-1),

"From the results, it ls_found that the spedimens
which have been prepared from the pelletiied composi-
tions containing a polystyrene as component (C) (Exam-
ples 1 and 4) are excellent in molding flo& as compared

10 to the specimen which has been prepared from the pelle-
tized composition not containing a polystyrene as
component (C) (Comparative Example 3). The above
tendency is clearly observed, especially with respect
to the specimens having a thickness of l.d,mm or less.

15 Comparative Examples 5 and 6

Substantially the same procedure as in Example 1
was repeated, except that the weight proportion of
component (D-1) was changed as shown in Table 1 and,
component (F-1) as a peroxide was added to the composi-

20 tion in Comparative Example 5, and component (F-2) was
added to the composition in Comparative Example 6.
Each of components (F-1) and (F-2) was fed to the first
stage zone of the extruder through the hoppéf. Results
are shown in Table 1.

25 Examples 5 to 7 and Comparative Examples 7 and 8

’. ——— T —
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0. 15 part by weight of tris(2,4-di-t-butyl phenyl)phos- phite (I RGAFCS 168,
manuf actured and sol d by Chi ba- 20 CGeigy Limted, Switzerland), 0.15
part by weight of zinc oxide, 0.15 part by weight of zinc sulfide and, as
colorants, 0.5 part by weight of titanium oxide and 0.0015 part by wei ght
of carbon black were fed to the second stage zone of the extruder through
the vent. 25 Extrusi on-nol ding of the resultant conposition was 54
performed at [err] at 300 rpm to thereby obtain pellets. Then, a specinen

was prepar ed fromthes@séé&ﬁéibywn'tﬁété&ﬂen?kéé@auaécasdiﬁggkambhe et hod
as specifi- 5 cally descri bed above, and the properties of the speci-

men were determvwesl tepSLEsd fageeept t thabethesveighbogsopsraneasf ogal |y
descri bed above. Wth respect to the average particle dianmeter of a

di sper si on phasesompenemwtsingA per C(Bhtamge (€ ) aveoé yehavgedaad shewhedin| of a
10 pol ystyrene, measurenents were conducted according to the test

met hods as al so Bpebef2 cal Rgsukesrabedshrevein RBables2are shown in Table 1.
An el ectron phot om crograph of the pol yam de resin conposition obtained in
Example 1 s shown i nF¥emy. the nesults 1 Bxawples phbPohi apdgFaprase-Fig. 1

was taken b
_ Y tive Examples 7 and 8, it is found that when the volume

percentage of a polyamide in the resin composition is
less than 44, the surface appearance of the specimen is
poor (Comparative Example 7), and when the volume
10 percentage of a polyamide in the resin composition is
more than 70, the heat distortion temperature at a load
of 18.6 kg/cm2 is low (Comparative Example_sj.
Examples 8 to 10 and Comparative Examples 9 to 10
Substantially the same procedure as in Example 1
15 was repeated, except that the weight proportions of
components (A), (B) and (C) were changed as shown in
Table 3, and the weéight proportions of titanium oxide
and carbon black were changed to 3 parts by weight and
0.05 part by weight, respectively. Results are shown
20 in Table 3.
From the results of Examplés 8 to 10 and Compara-
tive Examples 9 and 10, it is found that when)?sp/c of
a polystyrene in the resin composition is less than
0.7 dl/g, the Izod impact strength is low and the

25 impact brittle break ratio is high (Comparative Exam-

i



means of a transm ssion-type el ectron mcroscope, utilizing an osmc acid
staining nethod. Wth respect to the el ectron photom crograph of Fig. 1,
the magnifi- cation is indicated by a unit line (having a |l ength of 20

1 cm shown bel ow the photom crograph, which represents an actual |ength of
2 [err]. Exanples 2 to 4 and- Conparative gganples 1 to 4 Substantially the
sane procedure as in Exanple 1 was repeated, except that the weight ratio
of conponent 25 (B) to conponent (C) [(B)/(C) weight ratio] was changed
55 as shown in FAldee 9l.arfeesid)t.s are al so shown in Table 1. Fromthe results
of Exanple 1 and Exanples 2 to 4 and Conparative Exanples 1 to 4, it is
found that when 5  Witthe feBpgad) teeitdia reapertivemakyanideire®ino, the
light discoloration (AYl) after ultraviolet radiation for 5 hours_ is

renar kabl e so t fempRaitagnsy ofc Examplat & He thanthiGraxptive Exam-

weat heroneter test is also remarkable (Co rative Exanples 2, and 4). On
the 10 ot hePlemmd and 10,4t ket mﬁoﬁt}’r@%}g)ﬁmrﬁé rZitio

Surf ace appear aTSGRITR WRRATlE & SUTHGRRIS HITh B el mide
resin coﬁposition and -the Izod impact strength of the
polyamide resin composition are shown in Fig. 2.

With respect to the respective polyamide resin

compositions of Examples 8 to 10 and Comparative Exam-

10 ples 9 and 10, the relationships between the reduced
viscosity (Qsp/C) of a polystyrene used in a polyamide
resin composition and the impact brittle break ratio of
the polyamide resin composition are shown in Fig. 3.
Comparative Example 11

15 Substantially the same procedure as in Example 8
was repeated, except that the weight proportion of
component (D-1) was changed to 0.0l part by weight.
Results are shown iﬂ Table 3.
Comparative Example 12

20 : Substantially the same procedure as in Example 8
was repeated, except that the weight proportion of
component (C-1) was changed to 10 parts by weight, and
10 parts by weight of component (G~1) was added to the
resin composition. Component (G-l1) was fed to the

25 second stage zone of the extruder. Results are shown
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The I ength of nolding fl ow which was nmeasured with 15 respect to each
of speci nens having respective thick- nesses of 0.3 mm 0.7 mm 1.0 nm and
3.2 mmin Conpara- tive Exanple 3 .is given below Thickness Length of

nmol di ng fl ow 20 - 0.3 mm 3.7 Mm 0.7 nmm
63 mMm1.0 nm 145 mm 3.2 mm 59 397 mm 25 The
respective lengths of nolding flow in Exanpl es .Substitute sheet -

22/1/99 56 1 and 4 and Conparative Exanple 3 were divided by the | ength of
nmol ding flow in €anmrabaki 8¢ Exanple 3. Based on the resultant values, a
smal | -thi ckness nol ding flow of a polyam de resin conposition was eval uat ed

in Exam 5 pCemparandvé Exdmbdepddative Exanple 3. Fromthe results, it
is found that the speci nens whi ch have been prepared fromthe peIIetlzed

conposi - tions cont ai Subgtangdrydyytbee sasecprpondure( @ (mxFmanples 8. and
4) are excellent in nolding flow as conpared 10 to the specinen mhlch
has been prepareﬂaﬁr§ﬁPﬁﬁ§e§elPécePFz§Ha@oﬁB8§PPFBﬁ K& 1ldoMes Moty used

polystyreng as CoggonenEagEL gcong?gﬁtlv com en%)(GTQ% %g%y%dded to

the resin composition. Component (G-1) was fed to the
second stage zone of the extruder. Results are shown
in Table 3.
Example 11
10 Substantially the same procedure as in Example 8
| was repeated, except that component (E-2) was used
instead of component (E-1). Results aie shown in Table

4.

Example 12

15 Substantially the same procedure as in Example 8
was repeated, except that each of the weight propor-
tions of component (B-2) and component (C-1) was
changed to 25 parts by'weight, and component (E-1) was
not used. Results are shown in Table 4.

20 Example 13

Substantially the same procedure as in Example 8
was repeated, except that the weight proportions of
components (B¥2), (C-1) and (E-1) were changed as shown

in Table 4. Results are shown in Table 4.

25 Example 14
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tendency is clearly observed, especially with respect to the specinens
having a thickness of 1.0 mmor less. 15 Conparative Exanples 5 and 6
Substantially the sane procedure as in Exanple 1 was repeated, except that
t he wei ght proportion of conmponent (D-1) was changed as shown in Table 1
and, conponent (F-1) as a peroxide was adggd to the conposi- 20 tion
in Conparative Exanple 5, and conponent (F-2) was added to the conposition
in Conparative Exanple 6. Each of components (F-1) and (F-2) was fed to the
first stage zone of the pxitsdey weighyhofheohpppent RBsRN)i sl&rpaghkewbyi n
Table 1. 25 Exanples 5 to 7 Substitute sheet - 22/1/99- 57
Substantial |y theesghe of ocemipogent {@-Exaapiie01ldapartpbyt weigbkceft that
the wei ght proportions of conponents (A), (B) and (C) were changed as shown
in Tabl e 2. Resutempomenthtbnl)nagap|mogdifieyecwexanhedste the Sirst s
found that whe e volunme percentage of a polyangide ipn the.r

onposition is | e8tagaarone ofha tEiRnBEray extrudgr.(wpitheigpafi kbR is

B ol B vene Phps as) emplSysd ln' BEanBlE"T) HATBLER Bnbndppdl?
On the other hand, 47 parts by weight of component (A-
2), 5 parts by weight of component (E-2), 0.15 part by
weight of tris(2,4-di-t-butylphenyl)phosphite (IRGAFOS
168, manufactured and sold by Chiba-Geigy Limited,

10 Switzerland), 0.15 part by weight of zinc oxide, b.15
| part by weight of zinc sulfide, and 0.5 part by weight

of carbon black as a colorant were fed to the second
stage zone of the above-mentioned extruder through the

vent. Extrusion-molding of the resultant composition

15 was performed at 300 °C at 300 rpm, to thereby obtain
pellets.

Then, 90 parts by weight of the obtained pellets
were fed to the first stage zone of a twin-screw ex-
truder (which is of the same type as used above)

20 through the hopper. On the other hand, 10 parts by
weight of component (H-1) were fed to the second stage
zone of the above-mentioned extruder'thréﬁgh the vent.

' Extrﬁsion-molding of the resultant composition was
performed at 280 °C at 300 rpm, to thereby obtain

25 pellets.



Substantially the sane procedure as in Exanple 1 15 was repeat ed,
except that the weight proportions of conponents (A), (B) and (C) were
changed as shown in. Table 3, and the weight proportions of titani um oxide
and carbon bl ack were changed to 3 parts by weight and 0.05 part by weight,
respectively. Results are shown 20 i ngyfable 3. Fromthe results of
Exanples 8 to 10 and Conpara- tive Exanples [err] and [err] it is found
that when [err] of a polystyrene in the resin conposition is less than 0.7
dl /g, the |zod inpactThkérn crgtdpecineny wasl pirep@bed fromathe bpellétsbbgak
ratio i s high (Conparative Exam Substitute sheet - 22/1/99 58 ples
[err] and [err].inedtiaspeelding tdecoxdingttocthe|yorhod assspecifi-
conposi tions of Exanples 8 to 10 and Conparative Exam ples _[err]and [err]
the rel ati onshi peably v@escriked abpye, ;nd the SEWQJEF{%‘F r9f okhq speci-

pol ystyrene used in a pol an1de resin co SItIOﬂ an e Izod

strength of the HR} OF R3¢ %9%?% tesh. HgﬁPﬂds

respect 19 ihe respectiye lgagfy 3&;& 0 SOIRST R :‘:’éspEéé‘ pPLgS Bt 0 10

average particle diameter of a dispersion phase, the
volume percentage of a polyamide, and the)?sp/c of a
polystyrene, measurements were conducted according to
the test methods as also specifically described above.

10 Results are shown in Table 4.
Comparative Example 14

Substantially the same procedure as in Example 14

was repeated, except that the weight proportion of
componeﬁt (5;2) was changed to 38 parts by weight, and

15 component (C-1) was not used. Results are shown in
Table 4.

From the results of Example 14 and Comparativé

Example 14, it is found that with respect to composi-
tions in which é glass fiber is blended, the surface

20 appearance of a specimen which has been prepared from a
pelletized composition containing a polystyrene (Exam-
ple 14) is good as compared to a specimen which has
been prepared from a pelletized composition not con-
taining a polystyrene (Comparative Example 14).

25 Comparative Example 15
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10 ples [err]and [err] the relationshi ps between the reduced viscosity.
[err] of a polystyrene used in a polyam de resin conposition and the inpact
brittle break ratio of the polyam de resin conposition are shown in Fig. 3.
Conparative Exanple [err] 15 Substantially the sane procedure as
in Exanple 8 was repeated, except that thegoJwei ght proportion of conponent
(D-1) was changed to 0.01 part by weight. Results are shown in Table 3.
Conparative Exanple [err] 20 . Substantially the same procedure as
in Exanple 8 was repegygdta®ei@Rliyt Rl Sagme\pirditledir@P e 110 Hiangol@ onent
(G 1) was changed to 10 parts by weight, and 10 parts by wei ght of
component (G 1) was aegedted,! bcedt RhR@ROSidards byorRRdyhY dfGdompes fed
to the 25 second stage zone of the extruder. Results are shown
Substitute sheet nen22/(I~39 WerienuEead dn3ted@dnodr 20 parbsamy eveliight of
Substantially the sane procedure as in Exanple 8 was repeated, except that
conponent (C-1) wemponents¢€-3). Raswl2s pae shioynndingfabdfe donponent:
(G1) was sadded to the resin conposition. Conponent (G 1) was fed to the

10

15

20

25



second stage zone of the extruder. Results are shown in Table 3. Exanple 11

10 Substantially the sane procedure as in Exanple 8 was repeated,
except that conponent (E-2) was used instead of conponent (E-1). Results
are shown in Table 4. Exanple 12 15 63 Substantially the sanme

procedure as in Exanple 8 was repeated, except that each of the weight
propor- tions of conponent (B-2) and conponent (C-1) was changed to 25

parts by wei ght [ apd gongoneng (E IJ $@s|ngt ysed. [Repults ar¢ ggdwn in
Table 4. 20 S‘E,(gm Le |13 C@st@n.i% LY the $§an prpcedur ¢2a8 |G Exanpl e
8 was repeat ed, 'épt “tHat tijhe Mei ght ‘br opéﬁtlon of | conpon&n&y (|B-2),
(G 1) and (E-1) bwete—ghadged as Sholva Tabl-d-—4-1-Hesults atefshovn in
Table 4. 25 ) arrpl el|l4 (R 6P ZlSjparts by (weilght of conpanen8|(B-2), 15
parts by wei ght 53 Bonponént (G5 gNd(BIHSEart g{. Wei ght )@Jng( ffponent
(D-1) as a nodifier wgrelfedjto fhe|fifsl dtage 40ne pf a t gcriew
extruder (which|is|of {thg ©
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5 sanme type as enployed in Exanple 1) through the hopper. On the other
hand, 47 parts by wei ght of conponent (A- 2), 5 parts by weight . of
conponent (E-2), 0.15 part by weight of tris(2,4-di-t-butyl phenyl)phosphite
(1 RGAFCS 168, manufactured and sol d b¥_Ch|ba Ceigy Limted, 10
Switzerland), 0.15 part by weight of nc oxi de, .0.15 part by weight of
zinc sulfide, and 0.5 part by wei ght of carbon black as a colorant were fed
to the second stage zone of the above-nentioned extruder through the vent.
Ext.rusi on-nol ding of the resultant conposition 15 - was performed at

[err] at 300 rpm to thereby obtain pellets. Then, 90 parts by wei ght of
the obtained pellets were fed to the first stage zone of a tw n-screw ex-

truder (which |c of—t-he—sapp—type—ags—usedrabeve—236 +h+eugh t he hopper.
On the other hgn .¢ 10 partp by Mmeight ¢f conponept| (H,l), Wrie fed to the
second stage zgr@ ¢f, thg abgve-ngntiioned, extigider; [th gug% Bhie vent.
Ext rusi on- nol di r~the resul tant {conpos) ti|@P wag perfl(@fred at [err] at
300 rpm to thdgreby obtain| 25 pel | ets Subdtifutle shelet - 22/ 1/99 61
Then, a speci ngmwas—prepared fromrthepelTd4ts by
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I njection nolding according to the nethod as specifi- cally described
above, and the properties of the speci- nen were determ ned in accordance
with the test methods 5 as specifically described above. Wth respect
to the average particle dianmeter of a di spersion phase, the volune.
percentage of a polyam de, and the [errkgp/ C of a pol ystyrene, neasurenents
wer e conducted according to the test nethods as al so specifically described
above. 10 Results are shown in Table 4. Conparative Exanple
Substantially the sane procedure as in Exanple 14 was repeated, except that
t he wei ght proportion of conmponent (B-2) was changed to 38 parts by weight,
and 15 conponent (C-1) was not used. Results are shown in Table 4.
Fromthe results of Exanple 14 and Conparative 12 -Exanple [err], it is
found that with respect to conposi- tions in which a glass fiber is

bl ended, the surface 20 appearance of a speci nen whi ch has been

prepared fromg pel |l efi zed conposifti dn cpnfalning a pollyst yfepe] (Exam ple
14) is good as |@npagpdsto a specij@en dwhfsn haswhasn«priepal froma
. . te . 3 ™~ ﬂ.v-! .| N o~ S | Nh i K
pelletized conge®ifti op npt cond tginijng p polysPyrene (|ConpeR pat |{ve Exanpl e
o sk L. 1 L. 1 :
[err]). 13 25 CofpatattTve T eEXgnpPrie TETT]
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except

nent (I-1) were used instead of 20 parts
22/ 1/ 99 65

in Table 4. 5 10 15 20 25
Substitute sheet -

66

Results are shown
22/ 1/ 99 64

62 Substantially the same procedure as in Exanple 11 was repeéated,
Substitute sheet

that 20 parts by wei ght of conpo-
by wei ght of component (C-1).

6 3 [err]
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[err] Substitute sheet - 22/1/99 66 [err] [err] CLAI M5 1. A
pol yam de resin conposition conprising a nelt- kneaded product of: (A a

pol yam de; 5 (B) a polyphenylene ether; (C) a styrene polyner; —
and (D) a conpound having in a nol ecul e thereof a carbon

bond and at |east one function- al group g¢l ected fromthumna"ﬂm"ﬂ'wmmg
of a car- 10 boxylic acid group, an acid anhydride grodp, cant epoxy = «

group, an. am no group and a hydroxyl group, wherein said polyamde (A is
present as a contin- uous phase in whi chcgaIgspol yphenyl ene ether (B) and
said styrene polynmer (C) are dispersed individually, 15. | ndependent |y
or in mxture thereofAtpolyamide drepin -conprs pbicre denpnisingaacmadb-
particle dianmeter of 5 [err] . _ '
kneaded product of:
(A) a polyamide;
5 (B) a polyphenylene ether;
(C) a styrene poiymer; and
(D) a compound having in a molecu;e thereof a
carbon-to-carbon double bond and at least one function-
al group selected from the gréup consisting of a car-

10 boxylic acid group, an acid anhydride group, an epoxy

group, an amind group and a hydroxyl group,
wherein said polyamide (A) is present as a contin-
uous phase in which said polyphenylene ether (B) and
said styrene polymer (C) are dispersed individually,

15 independently or in mixture thereof to form a disper-.
sion phase having an average particle diameter of 5 um
or less,

said polyphenylene ether (B) and said styrene
polymer (C) being present in a (B)/(C) weight ratio of

20  from 20/80 to 70/30, and

said styrene polymer (C) in said melt-kneaded

product having a reduced viscosity )ZSp/C of 0.70 dl/g

or more.

25 2. The polyamide resin composition according to claim



or | ess, said polyphenyl ene ether (B) and said styrene- polyner (C) belngr-~\.“
present in a (B)/(C weight ratio of 20 from20/80 to 70/

styrene polynmer (C) in said nelt-kneaded product having a red Mv ﬁW/
“[err] of 0.70 dl/g or nore. 25 2. The polyani de resin cofrposi fu ‘"
according to claim 68 1, further conpriggi ng a rubbery pol ynmer (E) whi ch
has been nelt-kneaded with said conponents (A), (B), (C and (D), wherein
sai d rubbery polynmer (E) is dispersed, in said polyam de continuous phase,
i ndependent |y or1jnflrther Bbmpeieihfeacglbbelry pblymest (EnewiaEhehas
selected fromthe group consisting of said pol yphenyl ene ether and said
styrene pol yner, beenf meitakdeagedswinthpbadid kampongeatsa\@ragdBlgr t{(iCgl e
dianeter of 5 [err] or less. 10 3. The pol yam de resin conposition
according to cl aand1(B),2vhekeini aaidi dupbeyxnpadyfrayr i(€)pissddisperssd,
amount of from44 to 70 % by vol une, based on the volune of said pol yam de
resin conpositiohn $8id P°1Kamld¢h§°B§F9&ﬁPéePPé§Pm éBﬁﬁ@@P@ﬁ@ﬁ abéﬁrdmng

toclaiml or 2, wherein ald ( s at | east one el ect ed
fromthe 8roup cEﬁ§FEFFn§ greq ?EFH]at Phast Bhe' Rinbel"8eTR0L FEor

the group consisting of said polyphenylene ether and

*

said styrene polymer, to form a dispersion'phase having

an average particle diameter of 5 um or less.

10 3. The polyamide resin composition according to claim
1 or 2, wherein said polyamide (A) is present in an
amount of from 44 to 70 % by volume, based on the

volume of said polyamide resin composition.

15 4. The polyamide resin composition according to claim
1 or 2, wherein said compound (D) is at least one
member selected from the group consisting of an o,f-

unsaturated dicarboxylic acid and a derivative thereof.

20 5. The polyamide resin composition according to claim
1 or 2, wherein said styrene polymer (C) in said melt-
kneaded product has a reduced viscosity ysp/c of

0.80 dl/g or more.

25 6. The polyamide fesin composition according to claim



unsaturated di carboxylic acid and a derivative thereof. 20 5. The
pol yam de resin conposition according to claim1 or 2, Wherein said styrene

polymer (C) in said nelt- kneaded product has a reduced yj | f
0.80 dl/g or nore. 25 6. The pol yam de resin corrpmﬂ!'iglm/mmﬂuﬂ
to claim 69 1 or 2, wherein said styrgme polyner (C) i c s *
honmopol yner. 7. The pol yam de resin conposition according to claimb5

2, wherein said rubbery polynmer (E) is at |east one nmenber selected from
the group consi gt 039 0f whei®in Raddogaiaiend Polgkmeroqd )y iy & @y rerieng a
conj ugat ed di ene conpound and a vinyl aromatic conpound, and a hydrogenat ed

product of sai dhomepolymeal.ymer .

7. The polyamide resin composition according to claim
5 2, wherein said rubbery polymer (E) is at least one |
member selected from the group consisting of a non-
hydrogenated block copolymer comprising a éonjugated
diene compound and é vinyl aromatic compound, and a

hydrogenated prdduct of said block copolymer.



