WD 2008/ 088555PCT/ US2007/ 060699 - 1 - POLYAM DE RESI N COVPCOSI TI ON
HAVI NG SUPERI OR EXTENSI BI LI TY AND FLEXI NG FATI GUE AND PNEUNVATI C Tl RE
AND HOSE USBPREISHBESSSAVME S5TECHNI CAL FI ELD The pr FEEMS20070€4589 on
relates to a polyam de resin . conposition and a pneunatic tire and
hose using the same. More specifically it relates to a pol yam de
resin conposition having a superior extensibility and fl exing

10f ati gue and a pneunatic tire and hose u'éi]ng‘ t he sane. BACKGROUND OF
THE | NVENTI ON A pol yam de resin has superior workability (or
processability), cEAYBEDE BRIt SOHEOSITAON SHVINGSSEHERNOR EXTENSTS TLITY
gas permeability, and thepef erexiiasabesit 10D HadhYr#S 89 rE0ND

i njection nolded products, éxtruded, progucts owT products; fil ns

etc., utilizing these properties. He¥ uEiv'u??N%Eﬁgﬂspéﬁ_@pol yam de resin is
not necessari ly sufficient in terns of inpact resistance, fatigue
resistance, e$c., tiumnIORL Gvempnt of these 20properties under a usage
envi ronnent receiving ggnam C s{ral as be?%ﬁe uired.. As a neans
for.improving the inpact:riesi stance 8t ¥ géry 8 ¥ Rqlyamige reskmown
in the art to bl enePofRblidn epd compeyeslisf tare endsboreusingridi ente.
(see, for exanpl e, MdteSspatmatiiNg.itdrd 3580 %%Bﬂy&u%e Ratgnt No.

4,594, 386. Howevera:o QE:LE fl’x%irﬂ;}’% %\?}?%ﬁ%@ C&endER graélpfg.exmg

usage envi rowe an| sm™o ure i's conp
sufficient effec l|"3Hﬁr fefteEBERE Hae i‘)‘é‘brﬁi%ﬁt‘a‘i%ﬁédtw tHmE s t
bl endi ng an el ast oPASIKGRYENT OFSTHD diNVERTIONf or poI yam de resins, in

30particul ar nylons haye,deRn: B GRIIEGAY sHROUIAC] er,
under extension and erX| qd{é;Lbcgﬂ e envj ronmantg o illtf% acts

on interface of tH& pgfi/ f“é?ajaﬁas?%néf@ TTHje hﬁﬁHl’quélstance
wher eby interfaci and aj 1ok gasrpemygabi bt anhdirtbepetane, ahss aeen

3§tSUf fi (czll egtU 1ef L s{oﬁxdat—aly NGHeQV £5E Ninj EMtiJhemB%Qdf b%dx?&@,noéxﬂ%ded ¢ of
obt ai ne MVA ccordin an object o
p%dh Eﬁl% \Pra ucts 51,}rliséd eﬁny%#aéz+r&l asa

the present inventionTs

conposi tion havi ngP*EREEF %Nt %%ieé’ﬁﬂ b$Jll‘i°Pya drvd yhhidd mgsiatiguet and a
pneumatic tire anchdvessanidiynguffieisatiein bbinAceoiAneervbifahbe,
present invention fattE!Sﬁ@ @s@s@e{r&\é' d@f’c a @Ré yl%%g@%}x?e%@po It%[hleosgg

ol yrer (O 25t spalrSBE T irer BPTEY RaUFHGP AT LATORRBhaIosgRBMRS (Epenic

reactive with the %Pylarh%ebﬁmmq@med WABr®eimeaas t BnS ihereiihgsshat
10break of the nodivbytngrepabysiic 6€)a ipp130nie #0280 ithes tk%%h'ﬁ

stress at break of..th I A and t'ensi Te ation
che e Jol AL o R4 PRl S Lveeing |

at break of the mp [N

el ongation at bred‘l?%%/ ’teﬁ‘é é%%/%/aﬁPHee’?aé‘EF«% AP . afateat plieurtal 74 358r e
and hose usid4¥g 15tEhd e Patent Nbn 4 159 4pBES.e Hbwd PENELOBhebYat igue

i ncorporating, int@stherrel y@é"ﬁeﬂelﬁ@%pen%{@% #é oIl lmﬁe@?dlé i ng
pol ymer (C) havi ng.a gunsgntlgntal lﬁr oup. % %V i Gl entl
reacting with the ]ijam d&" r'ési g %Jt"rc E%‘i’hé‘nsPﬁ%’-%P’ﬁt%ﬁeSEe
that is, by bl endloﬁgl@ﬁ%‘ﬁiﬂ?m'elcohh@lm Begrf |Obt@meldywstrr Qg t t lelresidl 8g
properties wth reapecistofet harapobyAModer12s fof Aol £rﬁh€€:1ee>j‘:£§ﬂ%' on, and

fl exi ng fatisgue r Vv Y[ NG OUT
THE IN?/EI\FI’I CBJ% 2p 99@\1&:‘&%&@3‘%&\%2%% gg%&g’%"%%sl h P‘e”s‘aerh“\%mﬁ?’ber§0| ve

the above- nent i on88"Prdhl Bhetafytention prkdflexing debtated i n sol vi ng
the problem by a poviymmidetsesi Dacgnosd tdces @Ormltbﬁfm @fp@le_yam de
resin (A and a Ql}a&ﬂlag-r%l:{a)fg@{* e(n@ 1ngicﬁp@£§gr&$tj.? £ hl’ere aying a

functional group % % @sfa ﬁ reactin de resin
(A), having a tendFTEEFFasIad{v s é’&km?ﬁlf&@%ﬁ)ll?é%o‘iﬂ‘-’éf é?‘ébﬂ y 40 to
70% of the3Pensi beffsciess «ifebt ealk impfotdmenp oy aht debdigskn dafhor and
having a tensile ptangathan at break of 100% to 500% preferably 110

to 500% of the tgmhg §k5eﬂN9E§:?fc') on at break of the polyam de resin




means the volune fraction of the nodifying polyner (C included in
t he pol yam de resin conposition. Further, when the ratio of the
vol ume fraW¥Pi2bB8H85t he nelt viscosity of the nodifyi ndGFHSFHEL6E)
and the polyam de 10 resin (A) satisfies the following fornula (1)
(a>1), it is possible to disperse the nodifying polynmer (C nore
evenly in the polyamde resin (A). a=(0/0)x(rimnd)<1(l) where, 150
i ndi cates a volune fraction of the nodifyi ﬁg’"pol ymer (C); O indicates
a volunme fraction of the polyamde resin (A); Id indicates a nelt
viscosity of the nodif jcoordphy.yrero(iErt ¢MNathe: preesesur emenition is
conditions: Toyo | kJ il : ‘ r of
Sel ko GaRd la ﬁéd’lf@@@%&gﬁl&ﬁs%gsiﬁfccﬁg%‘%ﬁogegﬁg%gar

capillary viscosity at._a neasurenent tenperature of

rate of 1200 sec-lxcﬁﬁlae%%ﬁxﬁa’?%ﬁ?g’styaagglf1§ﬁ1§30§‘?*1’)9u8fa’fq1é

pol yanm de resin 25{mpméhNogt diraessuheremsivoridist sams. Toyo Sei ki

Capi | | ary Rhepneter usefl {ior8BasULeERhe PrsRRt | 1RhtYbSCaskly Ak a
measur enent tenper toi cgf 24gyC alad a _shear. rate of, 1200 se -Z%WIAS
t he pol yani de resi ?_’?E SBP eI NP as 561?‘%%?0?1,1’0&&‘? %6,
Nyl on 66, Nyl on 6.86inN{Alon 2612 makylon and a MekddAy iy piyresr 46}, Nyl on
6. 66. 610, Nylng_n MDGpeeid thByelis ﬁ@mnig?aeﬂm&mexlm FEYupe()sechalione
or in any conbi natj:qns . c rou eactiyve
wi th the 35pal yam'tddlcemr %@??O?%mlﬁﬁ‘%%% rglhj{]'hyh%?g%ne% %Fﬁ%%ﬁ% fsélr:ﬁSET 8¥
exanpl e, an i d HRFUr PG R EV A @pOERrBUpts B0 kal Bferfgivup, a
carboxyl group, artemsibo fresp atabbyak oXythygpolpsmiardresirera), and a
functi onal’ groups ¢¥ks: be dRALAONAGs: WiRaR 0 RNRGHAYDNEIAEnaY AP,
for exanple, a nalei SICId ng ide qroup, i.s prererred. t he
modi fyi ng pol ymers-® éﬁ’ ,hta°vi5§§ tHe® %H%BP% CGPBYRFPLaBE 357K He the
present inventionPeadyhsksparyier(Adrand eopiwmbic diixgl efid nwsrayeing
mentioned. Use of wtepsiysrers of ethylene and at | east one a-olefin

sel ected from propyl eng, Jut gfges,en?et qrggt og g&tlelpceor%gﬁggirti CJL_%:%r ltXe

10preferred fromthe viewoihfs o e e i'on at break'and the
strength at breakPolyamidq gesin, coBPSRition 8 FOEYpBgiRGIvReT &€
expl ai ned above, isvisg iargontEnnhal hatouphed)medpélyliangpobifric3y has

val ues of the tensike b t ensi.l.e on at
br eak (ITeaSLéI‘ ed bae gﬁi%?%&g;g ofﬁ\?}éz%g%gtle@g? @Oé)lo %«?1%2159?%{"%8& and

100 to 500%<0f th&™Vaf RGeS BsTIPIEART hagdBlct i vel y.

| f the val ue of pheffé?ﬁgirﬂtéyﬁhress wnshiegiropsrtimsenitharesphe: above
val ue, the materi ghef@dilyah@dofrekhe MmO {3 @Qt@x‘?sl.j)ﬂﬁe%ncﬁq@l in .
20unpr-ef er abl e ocggg l%ng)rg Irc%ad uE\ln}pr ef erably acts fromthe %ol yam de
resin (A) matrix. Furiher, 1t the val 0861 Fhe tensile el ongation at
break is smaller BRIRMAVE EOH\FARGAINGeCUE | THE| AFYENTAONh t he tensil e
stress at bréak, nmaterihsl ptasdntir Emm’ntbhe aningéd/iﬂmgrpeémr té Golve _
25unpr ef er abl y 0CgHE Sabove-meni&nP@l e I8 LES] %chnpggﬁttlrogu&%%gggl ng
to the present mggn%llc‘)rn ma%/ include . in a ition to the above

i ngredi ents, carbdf Bracky §19 PERIBr PRFPAEYETIA® EPSim PRPRHRPAL i on
or cross-linking 888PELSiA9VAIPCANIRAe oesior (BDonos 8- hodikiyngg polymer
apfel er at Ior, _vari oas, tuypgzr&fd Qhéﬁeinanhaﬂhtogiﬂﬁ@ttiozgqlpb%&i Cig¥ €% , .
oil, a cologhng a a r . 0 r,_ additiy eneral ly
bl ended into rubbgggé:bée gsi%/e%ghgﬁ%ﬁygg%en 80%%%5& ?%Snlél. ($f(egl8Vlng
additives may be #i X&EB§ JREF T heewo i £8% donpBEindreberdhy AP &a he
conposi tion. The E¥hpodndhageasblmtstrays aksordsk, madeciehpoltomiast i onal
general amount whegsiH XkNg, arROnb PG gstérﬁggégbél%%%g%} e RI&seRt

invention is not _- -- verse fect i
Exanpl es wil | nom}%oe%Sﬁg.eagéj%d Pﬁ?%%é‘ﬁ%i&oa?ﬁ & - pPEdEAt EETRAERL i on,
but the scope of #}gpteserit bresdnekorhspslpynide nmesins (hj pidledddd
t hese Exanpl es. BExsaneliesol to 9 and Conparative Exanples 1 to 9

Preparati on of Sanpl eﬁccgpﬁnlgngg eadlpgg S8 oe Oldgm;r&t)lo%stég p'r\ésé“f{ e




220C for 3 mnutes and a shear rate of 1200 sec-1. The 15material s
were continuously discharged fromthe extruder in the form of
strands, CcYEI288/08855hat er, then cut by cutters to obtai PR LN HEbed
pol yam de resin conpositions_ To obtain sheets for the fatigue tests,
the prepared pellets of the polyam de resin conpositions were
20charged into single-screw extruders provided with sheeting dies and
formed to sheet shapes. The pol yam de resin conpositions thus
obt ai ned were then subjected to fatigue tests by the test nethod
shown bel ow. The EBSeRtiPnarky JIREMC ieTARIWS Fricriioy. o ohhes fodaiwng
for Physical Propebtymdévgbyadimon: fiadd, gpeedc@sbly Aoabysrd dawkesi n

conposi tion shaped. ] S t a_s i drLe . out to
20T dundbel | Not=s ey v e Bnoet deRalRert atl R nA e, OO,
sanpl e was attach8aVard ér SHP#ECTgBEC NS PN Hifg L8 cec £BY $8xdng
30constant s6rai ntadflgld exhnige obskincti Rerds tperhailmmd ndetion (3)"
conditions of a CRH&Ks'ﬁ%e{ré{ﬂlmeg%r%%to%m oft thENALd\ShE A ke

20% a conpressive strain rate a repetitio eguency o

6.67Nz, and a testPEERRS APubhe BPlyaide I9/dTy ESFPSTASiPRr AWALRE when
t he sanpl e-broke. wBbdudgneatioc GEodhe viodped ifriaebidn @gdeticy menti |
breakage of nore thap.,o500, QP0. L :nat , Q30 theP volvamid
Poor... repetiti 051, ?(%qug,ncyofu}%t_#Fdﬁ%ggap%?@ggl ggsé%ﬁa%h 588, y%%oﬁe(
-7-. i 7 120 witesdn (M) pphigfien he) fphlardng) formyla, (H41(ogily )it
..., 0/-1 00 0 is-possiblddtd disPdrsk 1hd Ibbiklidgvpblidésd 1(cOlndkaN Cl
r-- M r- 0011 QveglyQﬁ1QhE'polymmukggggﬂf%a)N 34 00 C 11n1llll

-v. L
o= (dd/dm) x (Mm/nd) <1 {I)
where,
15 ¢d indicates a volume fraction of the modifying

polymer (C};
¢ﬁ indicates a volume fraction of the polyamide resin
(A) 7
nd indicates a melt viscosity of the modifying
20 polymer {C); (Note: measurement conditions: Toyo Seiki
Capillary Rheometer used for measurement of capillary
viscosity at a measurement temperature of 240°C and &
shear rate of 1200 sec™) and
nm indicates a melt viscosity of the polyamide resin
25 {A) (Note: measurement conditions: Toyo Seiki Capillary
Rheometer used for measurement of capillary viscosity at

a measurement temperature of 240°C and a shear rate of

1200 sec™).
As the polyamide resin (&) usable in the present
30 invention, Nylen 6, Nylon 66, Nylon 6.66, Nylon 612,

Nylon 11, Nylon 12, Nylon 46, Nylon 6.66.610, Nylon MXD6,
ete. may be mentioned. These may be used alone or in any
combinations thereof.
As the functional group (B) xeactlve with the
35 polyamide resin (A) usable in the present invention, for
example, an acid anhydride group, an epoxy group, a
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halogen group, a carboxyl group, an amino group, a
hydroxyl group, and other functional groups may be
mentioned. Use of an acid anhydride group, for example, a
maleic acid anhydride group, is preferred.

5 As the modifying polymers (C) having the anhydride
group usable in the present invention, a homopolymer or a
copolymer of olefins may be mentioned. Use of copolymers

of ethylene and at least one a-olefin selected from
propylene, butene, hexene and octene is particularly

10 preferred from the viewpoints of the elongation at break
and the strength at break.

In the polyamide resin composition, as explained
above, it is important that the modifying polymer (C) has
values of the tensile stress at break and the tensile

15 elongation at break (measured both according to JIS K6251

at —20°C) of 30 to 70% and 100 to 500% of the values of
the polyvamide resin (R), respectively. If the value of
the tensile stress at break is lower than the above
value, the material failure of the modifying polymer (C)

20 unpreferable occurs and a load unpreferably acts from the
polyamide resin (A) matrix. Purther, if the value of the
tensile elongation at break is smaller than the above
value, similarly with the tensile stress at break,
material failure of the modifying polymer (C)

25 unpreferably occurs.

The polyamide resin composition azccording to the
present ipvention may include, in addition to the above
ingredients, carbon black, silica, or another filler, a
vulcanization or cross~-linking agent, a vilcanization or

30 cross-linking accelerator, various types of eils, an
antioxidant, a plasticizer, oil, a coloring agent, and
various types of other additives generally blended into .
rubber compositions and resin compositions. These
additives may be mixed by general methods to compound

35 them into the composition. The compounding amount may
also be made the conventional general amount when mixing,
50 long as the object of the present invention is not



1] xa 0o twill/ 1 I11I | Type of poLyner tornuiation (w. parts)
BESNOTL ( Nyl on 11%_ BMNO (Nylon 11) 42 MA8510 (Mah-EB)" MP0620
(Mah- EP) " PEBISIHAN- EO) " AR201 (1l ah- EBA) Dumi | an CIESH{S2007/060699
(saponi fied EVA) '2 Yokohama rubber IR ( Mah-1 IR) " EPDM X2 "3
ENR25 (E-NR)" O/OmImld a ( fornmula (1) ) TBd/ TEnt4 EOd/ EBnmf5
Fatigue test Table I'l Type of polynmer Conp. Ex. 4 Fornulation (wt.
parts) BESNOTL(Nylon 11)'2 - OMNO(Nylon 1% g 30 MA8510( Mah-E13).2 -
MPO620( Mah- EP) ' 2 - vAl1840(Mah-EQ '2 - AR202( Mah-EW2 -
Oumi | anClSSO(saponéééeergeiy %Vf%)ectgd. Yokohama Rubber

EXAMPLES

Examples will now be used to further explain the
present invention, but the scope ¢f the present invention
5 is by no means limited to these Examples.

Examples 1 to ¢ and Comparative Examples 1 to 9

Preparation of Samples
The ingredients shown in Tables I to IV were mixed

as follows to obtain polyamide resin compositions.

10 Pellets of the modifving polymers and pellets of the
polyamide resin shown in Table V to Table VII were
charged into twin-screw extruders (TEX44, made by Japan
Steel Works) and melt mixed. The mixing conditions were
220°C for 3 minutes and a shear rate of 1200 sec™, The

15 materials were continucusly discharged from the extruder
in the form of strands, cooled by water, then cut by
cutters to cbtain pellet-shaped polyamide resin
compositions. To obtain sheets for the fatigue tests, the
prepared pellets of the polyamide resin compositions were

20 charged into single-screw extruders provided with
sheeting dies and formed to sheet shapes.

The polyamide resin compositions thus obtained were
then subjected to fatigue tests by the test method shown
below. The results are shown in Tables I to IV,

25 Test Method for Physical Property Evaluation
Fatigue test: A polyamide resin composition shaped into a
sheet by a sheeting die was punched out to a JIS dumbbell
No. 3 shape {(JIS K6251), then the dumbbell shaped sample
was attached after a fatigue test and subjected to a

30 constant strain and flexing test. This was performed
under conditions of a chuck interval of 54 mm, a tensile
strain rate of 20%, a compressive strain rate of 20%, a
repetition frequency of 6.67Hz, and a test temperature of
~20°C, The test was terminated when the sample broke.

35 Judgment: Good... repetition fregquency until breakage
of more than 500,000 {cut off at 1,000,000X)



ITR(Mah-/1R).1 EP014.3 _ X2(11lr-11R*3 - ENR25(t-NR)": 70 gd/gm 2. 3
nm hd 0.25 a (formula(l)) 0.58 TBd/ TBn*4 0.21 EBd/ El14nt4 1.47 Fatigue
test 80, 00@OoXuusgmErss Poor *1: see Table V *2: see TablRETMIS2878606%%Ee
Table VII *4: see Footnote of Table |I Table I1l Type of polyner Ex.6
Ex.1 Conp. Ex. 5 Conmp. Ex.5 Fornulationtwt. parts) 3030XA( Nyl om
1231 40 50 45 45 ML18510i Mah-E)'2 80 - - -

- b -

Poor.. repetition frequency until breakage of less
than 500,000X



56 A d/m

_ ENR25(E-ER)'

EPDM'

55
1.5 1.0 1.22 1.22 1m hd 0.30 0.39 0.69 0.703 o(formu).a(l)) 0.45 0.39

0. 84 0. 86 Wb2dusBssszl 0.52 0.41 0.07 0.17 E5d/E8nt4 1. 1PCi/iioitoasyy
1.25 Fatigue test 1,000,000 out of 1,000,000 cut off 37000 50, 000

JUdgMerit Good Good Poor

VA1840( Meh- EQ)" - 50 - -
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Poor 10*1: see Table V *2: see Table VI *3: see Table VII *4:. see
Footnote of Table / WD 20081088555PCT/ US2007/ 060699 Table IV Type
of pol ynerwbeo®/ oBsss9 Ex. 10 Ex. 11 Conp. Ex.7 Conp. Ex. &darsaul7acicsm
(m. 45 - 55 - _45- - 55 - 4060 - _ - 45 - 55 55 - - - 45 - 40
- - 60 parts)

Table II

Type of polymer Comp. Ex. 4
Formulation {wt. parts)
BESNOTL{Bylon 11)™ -
BMNO (Bylen 11)™ 30
MASSLO [Mah-EB) -
MP0620 (Mah—~EP) ™ -
vA1840 {Mah~50} "2 -
ARZ01 (Mah-EER} " -
DumilanCl560 (saponified | -
EVA) ™

Yokohana Rubber
IIR(Mah~IIR)"?

EPDM™ -
X2 {Br-IIR) "3 -
ENR25 [E~NR) *? 70
$a/bm 2.3
T/ 0.25
o (formula {I}) 0.58
B4/ TBm* 4 0.2
EBd/EBm*4 1.47
Fatigue test 80,000
Judgment Poox

*1l: see Table ¥V
*2: see Table VI
5 *3: see Table VII
*4: see Footnote of Table I

Table IIT

Type of polymexr Ex. € Ex. 7 cone. g;‘f‘pé
Formulation Iwt., parts}

3030XA (Ryloa 125 40 5Q 45 45
MABS10{Mah~ER)"? £0 - - -
VA184¢ (Mah-EO) - 50 - -
EPDM? - - 55 -
ENR25 (E-RR) ** - - - 55
dd/ dm 1.5 1.0 1.22 1.22
nm/nd £.30 0,39 Q.89 0.703
a{formula (L)) G.45 0.39 0.84 Q.86
TR/ TBm*4 $.52 0.41 0.07 0.17
EBd/EBm* 4 1.19 1.15 1,38 1.25
Fatigue test 1;3303230 1::320;220 3,000 | 50,000
Judgment Gond Good Poor Foox

10 *]1: see Table V
%*2: see Table VI
*3: see Table VII
*4; see Footnote of Table I



CMBOO1FS( Nyl on 6.66)1 CMLO17( Nyl on 6) 11 mA8510( Mah- EB) 2
O/ Smurn/id

VA1840( Mah- EO) . 2 Yokohanma Rubber
a(formul a ¥b)2poslk&ds T8nr4 DBd/ DBnt4 Fati gue test JudgmerdT/us2821060642
0.51 0.43 1.38 1,000,000 cut off Good 1.22 0.55 0.67 0.44 1.33

1, 000, 000 ,

cut ofr

| IR(4ah-11R).3

Good 1.5 0.18 .0.27 0.43 1.4 700,000 Good 1.22

0.29 0.35 0.44 1.36 550,000 Good 0,82 1,17 0.96 0.03 1.47 2,000 Poor

1.5 0.62 0.93 0.03 1.5 1, 000 Poor
see Table VI

5+3:

Arkema Ri | san

*1: see Jable V *2: see Table VI
*4: see Footnote of Table T Table V: Tensile
Properties and Capillary Viscosity of Polyam de Resin at -20C 1.0
Table IV

Comp. | Comp.
Type of polymer Ex., B Ex. 9 Ex. 10 | Ex. 11 £x. 7| Ex. 8
Formulation {(wt.
parts)
CHMEOD1FS (Nylon - _ _
6. 66)" 45 45 55
CM1017 {Nylon &) - 40 45 - 40
MAB510 {Mak~EB) "2 55 - 60 - -
VA1840 [Mah~EG) " - 55 - 85 - -
Yokohama Rubber
IIR(Mah-IIR)"® - - B - 15 80
bd/¢m 1.22 1.22 1.5 1.22 g.82 ] 1.5
nm/vd 0,42 0.55 0.18 0.29 1.17 | 0.62
a{formula (I}) 0,51 0.67 -0.27 0.35 9.56 | 0.93
TBd/TBm*4 0.43 0.44 0.43 0.44 0.03 | 0.03
EBd/EBm*4 1.38 1.33 1.4 1.36 1.47 | 1.5

. 1,000,000 | 1,000, 000

Fatigue test it OFE tat off | 700,000 | 550,000 } 2,000 | 1,000
Judgment Good Good Good Good Poor | Poor
*1: see Table V
*2: see Table VI
*3: see Table VIT
*4: see Footnote of Table I
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Table V: Tensile Properties and Capillary Viscosity of

Bolyamide Resin at -20°C

Arkema Toray Ube Arkema Toray
Rilsan Amylan | Industries | Rilsan Amylan
B CMS001FS UBESTA B CM1021FS
BESNO 3030XA BMRO
Tl
Type of Polymer N%i?n %;%ﬁ? Nylon 12 N%i?n Nylon €
EB(%)*1 490 450 520 440 460
TB (MPa) *2 90 110 100 80 110
Capillary viscosity 94 14% 104 62 77
(Pa,s)*3

*]: Determined according teo
*2: Determined according to
*3: Determined according to

JIS K-6251 methed
JI8 K-6251 method
JIS K-7199 method




B BESNO TL Toray Anylan CM6001FS Ube | ndustries MESTA 3030XA Arkenmn
Ri | san B BMNO Tony Anyl an CMLO21FS Te of Pol or ypym Nylon 11 Nyl on

6. 66 Nyl onwb2odsyssszs 11 Nyl on 6 EB(%9*1 490 950 520 440 paQuskBMRaps 2
90 110 100 80 110 Capillary viscosity (Pa.$)+3 94 146 104 62 77 *1:
Det erm ned according to JIS K-6251 nethod *2: Determ ned according to

JI'S K-6251 nethod *3: Determ ned according to JIB K-7199 net hod

10

15

- 10 -
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Table VI: Tensile Properties and Capillary Viscosity of

Modifier Polvmer at ~20°C

Mitsui Mitsui |Exxzon Mobile Mitsuni Takeda
Chemicals|Chemicals| Chemicals Dupont Chemical
TAFMER TREMER Exxcelor |Polychemical| Industries
MAB510 MPOG20 VA1B40 HER Duniilan
AR201 C1550
Maleic Maleic |Mzleic acid | Maleic acid | Ethylene~
acid acid anhydride anhydride vinyl
Type of anhydride |anhydride} modified modified acetate-
Lymer modified | modified | ethylene- ethylene- vinyl
poiym ethylene-[ethylene- octene ethyl alcohol
butene |[propylenef copolymer acrylate copolymer
copolymex |copolymar copolymer
BB(3)}*1 520 660 600 720 §30
TB(MBa) *1 47 37 48 35 28
Capillary 350 140 266 81 120
viscosity
{Pa.s)*1

*1: sée Footnote of Table V

faple VIT: Tensile Properties and Capillary Viscosity of

Rubber Ingredient at -20°C

Yokahama | Sumitomo Chemical LANXESS Malaysia
Rubber EPDM Rubber ENRZ2S
Mah-IIR*) BROMOBUTYL
X2
Maleic Ethylene—propylene | Balogenated | Epoxylated
acid copolymer butyl natuzal
Type of anhydride rubber rubber
polymer nodified
butyl
rubber
EB(%)*2 660 720 700 650
TB (%) *2 3.5 G.6 5 17
Capillary 125 150 143 250
viscosity
{Pa.s)*2

*1: Preparation Method: Given amounts of the brominzted butyl rubber,
antioxidant, maleic anhydride and magnesium oxide were charged into a

pressurized kneeder heated at 70°C, followed by mixing the

pradetermined time (7 minutes) to obtain the desired product. The
amount of maleic anhydride introduced into the butyl rubber is 1.5
mold, as determined by !H-NMR analysis.
*2: See Footnote of Table V

INDUSTRIAL APPLICABILITY

The polyamide resin composition according to the

present invention can be used as the inner liners of



Table VI: Tensile Properties and Capillary Viscosity of Mdifier

Pol ymer at -20C M tsui Chem cals TAFMER MAO510 M tsui Chem cal s
TAFMVER MPOWORIEBIRES Mobi | e Chemi cal s Exxcel or VA1840 M BRGWWS2087(964602
Pol ychem cal BPR AR201 Takeda Chemical Industries Dum|lan CL1550 Te of
pol ymer Mal eic acid anhydri de nodified ethylene- butene copol yner
Mal ei ¢ aci d anhydride nodified ethyl ene- propyl ene copol yner Ml eic
aci d anhydri de nodified ethyl ene- octene <apolyner Maleic acid
anhydride nodified ethyl ene- ethyl acrylate copol ymer Ethylene- vinyl

acetate- vinyl al c@R@hmatic tires etc. and further can be used as, for
example, outside tube materials, inside tube inner layer

materials, and inside tube outer layer materials for
hoses.



copol yner EB(%*1 620-660 600 720 630 T2(MPa)*1 47 37 48 35 28
Capillary viscosity (Pa.$)*1 _ 350 140 266 81 _ 120 eFootnote oae 5
Table VII: Tensile Properties and Capillary Viscosity of Rubber

I ngredi ent at -20C Yokohama Rubber Mah-11R*1 Sum tono Chemi cal
EPDM LANXESS Rubber BROMOBUTYL X2 Mal aysi a ENR25 Type of pol yner
Mal ei ¢ aci d anhydride nodified butyl rubber Ethylene-propylene
copol yner Bal ogenat ed 12

What we claim is:

1. A polyamide resin composition comprising polyamide resin (A), as a
matrix, and an ethylene copolymer (C), dispersed therein, having, a
functional group (B) reactive with the polyamide resin (A) , wherein a
tensile stress at break of the ethylene copolymer (C) is 30 to 70% of
the tensile stress at break of the polyamide resin (A), and a tensile
elongation at break of the ethylene copolymer (C) is 100 to 500% of
the tensile elongation at break of the polyamide resin {A), wherein the
ethylene copolymer (C} has a volume fraction of 50 to 80% based on a
100% volume of resin (A) and ethylene copolymer (C) and the
functional group is selected from the group consisting of acid
anhydride, epoxy, halogen, carboxyl, amino, and hydroxyl.

2. A polyamide resin composition as claimed in claim 1, wherein the ratio
of the volume fraction and the melt viscosity of the ethylene copolymer
(C) and the polyamide resin (A) satisfies the following farmula (1) :

ax{dipmixinmind)<i {1)
wharalih; od: {he volume fraction of ethylene copolymer (C)
e, the volume fraction of polyamide resin (A)
nd: the melt viscosity of ethylene copolymer (C)
nm: . the melt viscosity of polyamide resin {(A).

3. A polyamide resin composition as ¢laimed in claim 1, wherein the
polyamide resin (A) is at least one resin selected from the group
consisting of Nylon 8, Nylon 66, Nylon 6/68, Nylon 6/12, Nylon 11, and
Nylon 12.

4, A polyamide resin composition as claimed in claim 1, wherein the

functional group (B) is a maleic acid anhydride group,



butyl rubber Epoxyl ated matural rubber WA 660 720 700 650 TB(% *2
3.56.6 517 Capillary viscosity (Pa.$)*2 .,... 125 _.._. 150 143 250
fla.; kteparataon detflod: G ven anmounts of the brom nated butyl
rubber, 20anti oxidant, mal eic anhydride and nagnesi um oxi de were
charged into a pressurized kneeder heated at 70C, followed by 'm xi ng
the predetermned tinme (7 mnutes) to obtain the desired product. The
anmount of mal ei c anhydride introduced into the butyl rubber is 1.5
mol % as deternmined by 11-1-NMVR anal ydPs. 15*2: See Footnote of Table
V | NDUSTRI AL APPLI CABI LI TY The pol yam de resin conposition
according to the present invention can be used as the inner liners of
pneumati c ti Pes ebdolv@mide (gaimesmpesifiancas elaitneds) claipt 1ewkerginghe out si de
tube materials, ipg i i R [l e
outer |ayer nmat er?@b’%%gpgﬁg@gg@) élogﬁ( g?ﬁ&%ﬁ% anl%n? ?%ﬁnf@% %ggfd&l'gm de
resin conpositi onppseneshutgnediexand ded petshd (A), as a matrix, and an
et hyl ene copaql yne Lsher r-el O i : i onal group
(B) reacti ve%\'/vi t hﬁ\t;ﬁe E)ng %/g% ¢ er%f'éats‘;iké(r]a;I 'ﬁ%} Ilpgﬁ/\héedr@farﬁgéy%ﬁlﬁsi | e stress
at break of the ettmpesitorcapordingto {l@mis 30 to 70% of the tensile

2t break of The obriiananay S0 RanHEle4a Bl BN oRfsRBEN. Vo

el ongati on at breagcooding heclphyam de resin (A), wherein the ethylene
copolynmer (C) has a volune fraction of 50 to 80% based on a 100%

vol une of resin (A and ethyl ene copol yner (C) and the functional
group is selected fromthe group consisting of acid anhydride, epoxy,
hal ogen, carboxyl, am no, and hydroxyl. 2. A polyam de resin
conposition as clainmed in claiml, wherein the ratio of the volune
fraction and the nelt viscosity of the ethylene copolyner (C) and the
pol yam de resin (A) satisfies the following forrmula (1) :
CA(rpdirpmx(nnm nd)<l (1) wherein; cpcl: the volunme fraction of

et hyl ene copolyner (C) (PMthe volune fraction of polyam de resin (A
nd: the nmelt viscosity of ethylene copolynmer (C) nm: the nelt
viscosity of polyamde resin (A). 3. A polyam de resin conposition as
claimed in claim1l1, wherein the polyamde resin (A is at |east one
resin selected fromthe group consisting of Nylon 6, Nylon 66, Nylon
6/ 66, Nylon 6/12, Nylon 11, and Nylon 12. 4. A polyam de resin
conposition as clained in claiml, wherein the functional group (B)
is a nmaleic acid anhydride group. 13 5. A polyam de resin
conposition as claimed n claim'1l, wherein the ethyl ene copolyner (C
conprises at | east one a-olefin selected from propyl ene, butene,
hexene and octene. 6. A pneumatic tire using, as an inner liner, a
pol yam de resin conposition according to claiml. 7. A hose using, as
at | east one layer, a polyam de resin conposition according to claim
1.



