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thermoplastic elastomer composition that is superior as a

gas-barrier layer in pneumatic tires. This thermoplastic
composition comprises a low-permeability thermoplastic
matrix such as polyamides or blends of polyamides, in

20 which a low-permeability rubber, such as brominated
poly(isobutylene-co-p-methylstyrene) (i.e., BIMS), is
dispersed. Subsequently, in both EP857761A1 and
EP969039A1, viscosity ratio between the thermoplastic
matrix and the rubber dispersion was specified as a

25 function of the volume fraction ratio and independently

to be close to one in order to achieve phase continuity
in thermoplastic and fine rubber dispersions,
respectively. Criticality of smaller rubber dispersions
was recognized in EP969039A1 in these thermoplastic
30 elastomers for delivering acceptable durability
especially for their usage as innerliners in pneumatic
tires.
Summary of the Invention
Although the importance of the dispersion size in
35 thermoplastic elastomers is recognized as related to the
mechanical properties, specific size requirements for

satisfactory cold-temperature fatigue resistance are not



35 thernoplastic el astoners is recognized as related to the
mechani cal properties, specific size r%qU|renents for satisfactory
col d-tenperature fatigue resistance aré not 2 - defined.

Accordingly, the object of the present inventionis to provide a
nmet hod forgpkeddei ng a thernopl astic el astomer conposition having a
controll ed dispersion size 5 of the elastonmer in the el astoner
conposi tion havRe§oadingldel [ty QRIeAH Gt JFhenPraRfs edaiantipn 1i#

accor dancet W bholhe ePesRRth Jd It Imdutcfl%rge al scheqrn%ﬁ%% & met hod
for controlllngadls persian size an elastoner in a
P

t her mopl as€i@s E@Foﬁ@ﬂﬂ&ﬁﬁ&%ﬂﬁ|QﬂY%ﬂﬂnﬁu§0?R¥Q¥ﬁﬂ4nﬂ&fRﬂﬁ%ﬂﬂq|%%Fe
and ighper ngabichiet ¥ 16@HRMeH NG R telltidne { Aorbdialoganatad n

i sobutyl ene el astoner pol yanm de and (O, di spersion aid; and
dynami cal | ?XS;ﬁllééﬁftz|d1‘1‘§a§>|+élt’té’51ﬂr{dar¥tmpﬁr§ﬁ@ql&ld’é’t -ai n dynami cal |y

vul cani zed pol yaer aklcerdante W’i&ﬂﬁltfhet diaineganateat icrpbwndeng s
el astonmer is dispersed |n§t%frf Jmatrix .at a volune average

di sper si on PEPYHEES 2D NS, amSHE PSRN s0i3R .
to 2.5 m cetastonmest ipr ef e.mhdnyqploasﬁﬂld @la%trdinferronmmp'lﬁaﬂﬁlcEFhaVLng

DESCRI PTI O H N et ter
undgﬁstoo%gg%yet%hegﬁg\e%cﬁppon se “{er%\% tafvﬁ’# bsf rence to
the acconpanying dr a®ilrgsiximer eif): a:ﬂ‘@lo:geg)}adwsi d ssdrutet letrieon
bet ween faéh%‘é‘%oﬁ%‘ij eS(B 2%0@%@&’&'&4{83 @era98 I SNSrH ot £

& of BI M5, and hows a correlatlon bet ween fatlgue ‘cyc

wmd a nunber averageQﬁQ%m%Q9¥%¥ HehfEtrdrz ing ghepngsul ﬁﬁ%ﬁﬂhﬁﬁﬂ@a?ﬁ
I nvention bBpthhns dype@iildagaty Qﬂllaﬂdudbd @ﬁl@ﬂn@ﬂfﬁ:l\@ﬁcﬂh 30 follow,
theéégngular forns "a' "aW'éh "the" c ude 1J)Iural referents

unl the cont ext cW@gﬁ%}Wh agggpgena ed 1sobButylene elastomer
is dispersed in the polyamide matrix at a volume-average

dispersion diameter Dv of 0.01 to 3 microns, more
preferably, 0.01 to 2.5 microns, most preferably, 0.01 to
2 microns.
20 BRIEF DESCRIPTION OF THE DRAWINGS
' The present invention will be better understood from
the description set forth below with reference to the
accompanying drawings, wherein: '
Fig. 1 shows a correlation between fatigue cycles
[ 25 and a volume average dispersion diameter Dv of BIMS; and
e Fig. 2 shows a correlation between fatigue cycles
and a number average dispersion diameter Dn of BIMS.
Disclosure of Invention '
In this specification and in the claims which
30 follow, the singular forms "a", "an" and "the" include
plural referents unless the context clearly dictates
otherwise.
The present invention is to control the rubber
dispersion size of halogenated isobutylene elastomer in
35 polyamide, most particularly to have volume-average
equivalent dispersion diameter of 0.01 to 3 microns, more

preferably, 0.01 to 2.5 microns, most preferably, 0.01 to



ot herw se. The present invention is to control the rubber

di spersion size of hal ogenated isobutylene elastoner in 35

pol yam de, nost particularly to have vob ume-average equi val ent

di spersion dianeter of 0.01 to 3 mcrons, nore preferably, 0.01 to
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crossl i nked ,and di sper sed, ,as in i cles "M Ccro [" wWithin
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@i/'xi ng extr 1zaloniwi n screw extruders. The 25 uni que

characteristic ofnd hec g NedySahly GUIECEhi£LHEDOSILiONSsES hBABiIn to
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convent i onatesitbbEatd a vulcanizable elastomer are vulcanized under

conditions of high shear. 2as a result, the vulcanizable
elastomer is simultaneously crosslinked and dispersed as
fine particles of a "micro gel" within the engineering |
resin matrix.

20 The dynamic vulcanization is effected by mixing the
ingredients at a temperature which is at or above the
curing temperature of the elastomer in equipment such as

roll mills, Banbury® mixers, continuous mixers, kneaders

or mixing extruders, e.g., twin screw extruders. The

25 unique characteristic of the dynamically cured
compositions is that, notwithstanding the fact that the
elastomer component may be fully cured, the compositions
can be processed and reprocessed by conventional rubber
processing techniques such as extrusion, injection

30 molding, compression molding, etc. Scrap or flashing can
be salvaged and reprocessed.

In a preferred embodiment the halogenated
isobytylene elastomer component include copolymers of
isobutylene and para-alkylstyrene, such as described in

35 European Patent Application 0 344 021. The copolymers

preferably have a substantially homogeneous compositional



processi ng techni ques such as extrusion, injection 30 nolding,
conpression nolding, etc. Scrap or flashing can be sal vaged and
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preferably less than about 4, more preferably less than

about 2.5, most preferably less than about 2.0. 1In
another embodiment, suitable halogenated isobutylene

20 elastomer components include copolymers (such as
brominated isobutylene-paramethylstyrene copolymers)
having a Mooney viscosity (1+4) at 125°C (as measured by
ASTM D 1646-99) of 25 or more, preferably 30 or more,
‘more preferably 40 or more.

25

Preferred brominated copolymers of isobutylene and para-

methylstyrene include those having 5 to 12 weight % para-

methylstyrene, 0.3 to 1.8 mol % brominated para-

methylstyrene, and a Mooney viscosity of 30 to 65(1+4) at
30 125°C (as measured by ASTM D 1646-99).

The halogenated isobutylene elastomer component (A)
according to the present invention can be prepared from
isobutylene and about 0.5 to 25% by weight, preferably
about 2 to 20% by weight, based upon the total amount of

35 the comonomers, of p-alkylstyrene, preferably p-
methylstyrene, followed by the halogenation. The content
of the halogen (e.g., Br and/or Cl, preferably Br) is
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am npyindecampei,¢ lgactam or amino acid, or by condensation of

di basi c aci ds an% di am nes.. Both fiber-form ng and . ,
The polyamides usable in the present invention are

thermoplastic polyamides (nylons) comprise crystalline or
resinous, high molecular weight solid polymers including
copolymers and terpolymers having recurring amide units
20 within the polymer chain. Polyamides may be prepared by
polymerizatioﬁ of one or more epsilon lactams such as
caprolactam, pyrrolidione, lauryllactam and
aminoundecanoic lactam, or amino acid, or by condensation

of dibasic acids and diamines. Both fiber-forming and

25 molding grade nylons are suitable. Examples of such
polyamides are polycaprolactam (Nylon 6),
polylauryllactam (Nylon 12), polyhexamethyleneadipamide
(Nylon 66), polyhexamethyleneazelamide (Nylon 69),
polyhexamethylenesebacamide (Nylon 610),

30 polyhexamethyleneisophthalamide (Nylon 6IP), Nylon 46,
Nylon MXD6, Nylon 6/66 and the condensation product of
ll-aminoundecanoic acid (Nylon 11). ©Nylon 6 (N6), Nylon
11 (N11), Nylon 12 (N12), a Nylon 6/66 copolymer (N6/66),
Nylon 610 (N610), Nylon 46, Nylon MXD6, Nylon 69 and

35 Nylon 612 (N612) may also be used. The copolymers
thereof any blends thereof may also be used. Additional
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The dispersion aid (C) usable in the present invention

includes reactive compatibilizers having a good affinity,
20 i.e. specific chemical interactions, between polyamide

and elastomer in the mixing step. Examples of such

reactive compatibilizers are tertiary amines (e.g., N,N-

dimethyllaurylamine, N,N-dimethylpalmitylamine, N,N-

dimethylbehenylamine, N,N-dimethylallowalkylamine, N,N, -
25 dimethyloleylamine), secondary diamines (e.g., N-(1,3-

dimethylbutyl)-N'-phenyl-p-phenylenediamine) and any
mixtures thereof.
The method for producing the thermoplastic elastomer
composition in the present invention comprises mixing the
30 halogenated isobutylene elastomer (A), the polyamide (B)
and the dispersion aid (C) by a biaxial kneader/extruder
etc. to disperse the elastomer (A) in the polyamide (B)
forming the continuous phase. The reactive
compatibilizers increase the viscosity of the elastomer
35 during the mixing, whereby chemical reactions with these
agents occur. |

When vulcanizing the elastomer (&), a vulcanization
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seconds to 10 minutes. Further, when adding a

20 vulcanization agent, the vulcanization time after
addition is preferably 15 seconds to 5 minutes. The
elastomer composition produced by the above method is
then extruded or calendered into a film. The method of
forming the film may be a usual method of forming a film

25 from a thermoplastic resin or thermoplastic elastomer.

The elastomer composition according to the present
invention may contain, in addition to the above-mentioned
essential ingredients, a vulcanization or cross-linking
agent, a vulcanization or cross-linking accelerator,

30 various types of oils, an antiaging agent, reinforcing
agent, plasticizer, softening agent, or other various
additives generally mixed into general rubbers. The
compounds are mixed and vulcanized by general methods to
make the composition which may then be used for

35 vulcanization or cross-linking. The amounts of these
additives added may be made the amounts generally added
in the past so long as they do not run counter to the
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vul cani zati on or cross-1inking, accelerator, 30 various types of

oi I's, an ahti#§tREt8GeRY, P8itnfisrBYngo BEERE, lpMaseidcither  th&f t eni ng

agents or Qbmqbwgaglgggmpq@gltlves generally mxed into general

rubbers. The coppoun are m xed and | cani zed_hy n met hods
to make the coﬁBSsqugﬁwﬁﬁﬁcﬁoﬁﬂﬁrFﬁéﬁgBeaH?é apg gﬁ“ﬁ{HQEQHWﬁﬁQ<Jn

or cross-| uBkdngorTheecanbhpbacotst bepeoyeddihi tae addecd ey be made
t he amounts general | addeg in _the past so long as they do not run
counter to the 8° obj&Ct o °"RE"FF ésent invention. Exanples The
present invention w Nylpawlbe Rublked oifl Nast (&tiddaby BHEN 0 ihy amd
nmea limted to, the 5 follo I e follow ng
con93}0|ally avai l abl e productg%agﬁgﬁﬁgge5693£qthe conponents

enpl oyed in the Exanplyésnl2:Reditr 6GortFMERLFRYI on 1: A bl end of NI11
(H | san BESN 0 TL) a@gdl{qv@6ﬁ66 @Qg%tgggggk Nyj_on 2: N6/ 66

b001FS) Additive 1: Plasticizer; but Ibenzenesulfonanlde

@npati bilizer; AR201 15 Additive 2tY§P§BFPPE§P fong&rsie 1098,
Tinuvin 622LD, and Cul Compatibilizer; AR201
15 Additive 2: Stabilizer; Irganox 1098, Tinuvin
622LD, and Cul
2. Rubber Component

BIMS: Brominated copolymer of isobutylene and
para-methylstyrene sold under the tradename EXXPRO 89-4
20 by ExxonMobil Chemical Company having a mooney viscosity
of about 45, approximately 5 weight % para-methylstyrene
and about 0.75 mol % bromine
Dispersion aid 1: DM1l6D; Hexadecyl dimethyl
amine (Akzo Nobel)
25 Dispersion aid 2: 6PPD; N-(1,3-dimethylbutyl)-

N'-phenyl-p-
phenylenediamine
znO: Zinc oxide curative

St-acid: Stearic acid curative

30 ZnSt: Zinc sterate curative
MBTS: Benzyothiazyl disulfide
3. Anti-block Agent for Rubber Pelletization

Talc: hydrated magnesium silicate (Ciba)
znO: zinc oxide

35 - Igafos: Igafos 168 antioxidant (Ciba)

The test methods used for evaluation of the Examples and




2. Rubber Conponent BI MS: Brom nated copol yner of isobutyl ene and
par a- met hyl styrene sold under the tradename EXXPRO 89-4 20 by
ExxonMbobi | Chem cal Conpany having a nﬁoney viscosity of about 45,
approxi mately 5 wei ght @6para nethylstyrene ‘and about 0.75 nmol %
brom ne Di <DL g lq”rethyl am ne (Akzo
Nobel) 25 i GPF ] b -3=dirrettty| but yl) -

- phenyl - B3 gbesgkéngdwa&um& Zn@taﬁenegond&emmrahgp@rsStwaC|d
Stearlc aci d gurat ve 30 Znst: NBTS: .
Benzyot hi azy| S4PUGFRF 8 TRAEE St SBE S Y at i on
Tal c: hydratedi gne3|unlslllcate (O ba) ZnQ zinc oxide 35 Igafos:
| gaf 168 xi d ( a h had f l.uat i on
of 'tHo ExafgPes g e EopUPR £RE LLRAmPe %v%elrﬂ%%%s AP
Measuri ng sokapeandesage éq@tvabamuOdsspar$m@ﬁe dﬁdmsterAdddfndmber
average equiygh et dLaPersioracduale! eish-tapRiing ANAse AR was
applied to evaluate dispersion sizes and size |str| utions in
these fil nSIYABRNLE| RLCSalPMes Wiehe dépfentakad vas .- 150cedssmgrd-es

Rei chert  gEy@ggRLe el EEOEO%SWCEBt@'raGHH@rk'f'l%%%ng':@(i?dn%.%’ﬂ?:’geesn to
were stored in a desiccator under flowng dry nitrogen'to 10 be

war téd up P8 HABMERAt UPefBePEPGEBS WEFPRSHE tREESt WildhouSaApied unsr e

run mnthlnsaﬂpmegraeaéteﬁnCMMQhﬁ@cumghuak@gaf%@rAEw&bDEa%QQ% using
Digital Instr ct,anqul ar, 225-m

nment
#hlicon caﬁPlggyeﬁ%IAEP%ﬁapal%dtathEEEKEWFﬁF r dGr AGRS1RG, gode with
eonverted torékkEnGanagt 2a8dum silicon cantilever. Aall tapping

phase AFM micrographs were converted to TIFF format and

15 processed using PHOTOSHOP (Adobe Systems) for image
enhancement. All image measurements were performed using
a commercial image process tool kit (Reindeer Games) as
an attachment to PHOTOSHOP. Results of image |
measurements were written into text files for subsequent

20 data processing by EXCEL (Microsoft). The number average
dispersion diameter Dn is calculated as:

Dn = X(n,D;)/Z(n,)
D, is the eguivalent diameter of individual

dispersion and n, is the number of the dispersion with an

25 equivalent diameter of D,. The volume average dispersion
diameter Dv is expressed as:
'Dv = X(n,D,*)/Z(n,D,%)
with, nl is the number of dispersion with equivalent
diameter of D1.
30
B) Tensile Fatigue Cycles

Film and a carcass compound were laminated together with
an adhesive and cured at 190°C for 10 min. A JIS No. 2
dumbbell shape was then punched out and used for

35 durability test at -20°C at 6.67 Hz and 40% strain.



15 processed using PHOTGSHOP (Adobe Systens) for inmage enhancenent.
Al'l inmage neasurenents were performed using a commercial inage
process tool kit (Reindeer Games) as- h attachment to PHOTOSHOP.
Results of image neasurenents were witten into text files for

subsequent 20 data groceSS|ng Ey EXCEL gM crosoft). The nunber ,
average ' ed as: Dn =1(n,D,)/1(nl)

D. is the gyui vahemedtame‘seraref baeddvoduatrs giegpar siTemnsane mesits

t he nunber og g g §§ rsion ﬁg .25 equival ent dianmeter of D,.
The vol une"avRPag8L di EgFgﬁéﬁ E fer Dv is expressed as: Dv =
r(nlDlc) /E(nlD13) with, nl is the nunber of dispersion with

equi val ent gla Ley of 4D1. 30 B) Tensile Fatigue Cycles Filmand a
car cass coﬁﬁouﬁggmere—#an1nated together with an adhesive and cured
at 190C for 10 BRIMS wadl SreRecoppodndbbell tbhapeandyeshem puEandd ryut

and used f t 6 n % .

10 - © Teﬁé?%én%g g%%éa% E g%é?%Fé§8§|?E€§ﬁ5% gaf%sggégTéfhgggh on
JI'S K6251 NYeesi | eM¥nsng mechdunsmivuvedaprédarabbeof. Ny lpragmdes 1
4 BIMS wass DS FeEpouBred Wi LN rGyRaLEYES bRc2.BRBDWLY spbRieniglec.

m xer and etized prior toits mxing w Nyl o M xing a

dynd#i c vuTE@ﬁ?zﬁ%KéHréﬁ NPKSn tARa CBﬁNBOWEPéOHQnéHF@ élﬂmsni§%?ew

extruder at,abgyt 288€in&0 Thesermixt Uunesrwergubhers¢asly, orfllzhr@,m
into filns for _fati Prior to the fgté% e testln filns

testin
(Ter e | ami NA¢E8 6ﬁ?bngt8§r88§§ %oﬁﬁSﬁﬁﬁsaﬁﬁmQBFB fyged - bone
whape of tes80Ff0g spegi-bens whreet béntentingukpkrdmenizese rleartheat esit

at 45'degr§8tt9rggetﬂggglTgminates at 45-degree to the machine
15 direction and tested for fatigue resistance at -20°C and

at 40% strain. A minimum requirement for good fatigue
resistance is to have no cracks, breaks, or delaminations
after 1 million cycles.
In Examples 1 - 4, Nylon 1 matrix with the addition
20 of plasticizer and compatibilzer was used as shown in
Table 1. ©Nylon 1 matrix with plasticizer has its
viscosity closely match with that of BIMS. MBTS is a
cure retarder that can react with benzylic bromine of
BIMS and render it inactive. 6PPD could be a curative at
25 the mixing temperature of 230°C by crosslinking BIMS

through benzylic bromines and, hence, removing them from
reactive compatibilization. DM16D is a viscosity
enhancer for BIMS that also react with benzylic bromine
of BIMS but to a lesser degree. Both 6PPS and DM16D

30 could also raise the BIMS viscosity and create viscosity
mismatch between Nylon 1 and BIMS. As shown in Table 1,
addition of MBTS could significantly disrupt the reactive
compatibilization and, hence, enlarge the dispersion
size, especially the larger dispersions, and

35 detrimentally lower the fatigue resistance. The film
sample containing 6PPD has such a low elongation to break

value that it was not even tested for fatigue. The



15 direction and tested for fatigue resistance at

strain.
have no

A m nimum requi renent for good fatigue
del am nat i bhs-

cracks, breaks, or

Exanples 1 - 4, Nylon 1 matrix with the addition

and conpatlbllzer was used as shown in

-20C and at 40%

resistance is to

after 1 mllion cycles. In
20 of plasticizer
Tabl e 1. lon 1 matrix with

pl asti ci zEESHAESI e Phewds ity Fdidgselly amat ¢h (Wieeh fthat % BPME. MBTS

is a

and render
tenperature of 230C by crosslinkin

it inactive.

G BL05,

curgybpbaeden that GargjRaakewihh benzylic bronine of
'6PPD coul d bé a curative at 25 t he m xi ng

t hr ough benzylic bronines

Bl M5

BIMS viscosity could be closed matched to that of

Nylon 1.

and, hence, renoving themfrom re onpatibilization. DML6D is
a vi scosnﬁt}yamﬁ,\fgancer for BIMs|that al'so rfeagkiw ﬁhergzyl i C brgm ng
of BI M5 Fesser EE Both—6PPSTand—Divit 30——coutdratso-
rai se tkgﬂﬁ?ﬁggéﬁgg&?4%ﬁzﬁgh%reate viscodity nigmatch betwden
Nyl on | 4reEINE. As shown in Tdble 1, addi tion of MBTS cou
signi fi qa@®MS di srupt the react|i ve 1&bnpat|i btPPzati on hﬁnchO
enl ar ge |thel &b spersi on  si ze,- gspeci@l |y tlhe Parger diGgersigns,0and
35 detrijmetaal |y | ower the fatijgue r@esistgncel The film sanmple o
cont ai ni|ngpPPD has such a | owlel ongation|to Break valgie that gts
was not tested for fatigug. The; resiy ts ar own |@ 15
Figs. 1 qﬁgy ﬁéee #1 - 43 for | Exgmphes 1 -5 341 speat el y)|. | g
(o} 0.480
1 Exanplie &L 341 Fornulatlono(ggrts by %g t) BE@B 190 I%
100 100 D 0 00.50 MTS|O rPﬂﬁf 0 0.8:3%n00. 2
€0 15 0. 15"0Las 1 8 68
Additive 1°? 21 21 21 21
Additive 2" 0.5 0.5 0.5 0.5
Physical Properties
-20°C Strength 38.8 33.1 34.3 22.3
(MPa)™!
-20°C Elongation 443 412 456 343
(%)™
25°C Strength (MPa) l16.9 15.5 21.3 10.1
25°C Elongation (ﬁ) 377 376 442 283
60°C Strength (MPa) 12.6 11.4 15.7 8.0
60°C Elongation (%)™ 347 338 395 278
Dn (um) 0.37 0.8 0.71 0.68
Dv (um) 2.07 2.52 1.57 3.74
Fatigue cycles (x10°) [1.3 - 3.5| 0.37 [1.3 - 2.0 nM®
5
*1: Comparative Examples
*2: Plasticizer
*3: Antioxidant
*4: All tensile results are reported as averages of
10 measurements along the machine and transverse directions.
*5: not measured due to poor film guality and low
strengths.
Examples 5 - 8
In Examples 5 to 8, Nylon 1 matrix was used but
15 without the plasticizer. With addition of 0.5 phr DM16D,

Further increases in DM16D content could affect

not just the viscosity matching but also the reactive



st-acid 0.60 0.60 0.60 0.60 2ZnSt 0.30 0.30 0.30 0.30 Nylon 1 68 68
68 68 Additive 1" 21 21 21 21 Additive 2'' 0.5 0.5 0.5 0.5

Physi cal - Properties -20C Strength 38:8383:1 34.3 22.3 (MPa)" -20C
El ongation 443 412 456 343 25C Strength (MPa)' 16.9 15.5 21.3 10.1

25C Elongation (%' .377 376 442 283 _60C Strength (MPa) 4 12.6 11 4
15.7 8.0 %@%PE&S%@&%FSﬁlEQQbe%§ﬁ?“3§§9§§5a§38%&ﬁﬁ-(nf“%x%ﬁgif%§%§'71
0.68 Dv (M RaBle2252the5PrdgFfésskakilgudneyebes ngx BI®ISl.chntehtd
0.37 1.3 -.2.0 NM5_.5 *1: arative Exanples *2:.. Plasticizer *3:
At oxi dantEaa5 RET SPBndlPESREBT fs VAL TF o BUFE B LAPETSGET o1t 2
measur enenasdakthegdebeemmehiine fahd glieamegassandier ectlihens.esuwhs e
measured duge t ot .fil mq ity l,Qw _ r ths. les § - 8
- Eampl care Bo B Fipan 114 7 4 238 Pae s But S5 AT the P

pl asti ci zerespethizddiytyi.on of 0.5 phr DML6D, BIM viscosity could
be cl osed matched to that of Nylon 1. Further increases in DML6D

content could affect not just the wigsgasibty matching but also the
reactive 12 connatibilization;betmegﬁi%ztOn and RIMS. As indicated

in Tabl e 2{ Exbeppeogressively incfeasi g BIMS cantent 7%@ads| t a't he

i ncrease i Nr¥ehulBtavVer agardisSperisi on size pand the |decreasel in

fatigue re§w§ggﬂQg. The results are
BIMS 100 100 100 100
DM16D 0.5 1.0 2.0 3.0
Zno : ‘ 0.15 0.15 0.15 0.15
St-acid 0.60 0.60 0.60 0.60
Znst 0.30 0.30 0.30 0.30
Nylon 1 95 95 95 95
Additive 2"? 0.7 0.7 0.7 0.7
Physical Properties
Dn (um) 0.49_ 0.6 0.65 0.46
DV ( (um) 0.91 1.6 4.85 5.96
Fatigue cycles (x10°%) | 1.7 - 2.8 1.3 0.4 0.1

10 EEST ‘Comparative Examples

*2: Antioxidant

Examples 9 = 13

In Examples 9 - 13, Nylon 2 matrix, without N11 and
without plasticizer, was used. In blending with Nylon 2,

15 viscosity modifier, such as DM16D and 6PPD, is required
to provide good viscosity matching and fine BIMS rubber
dispersions. The concentration used for the anti-
blocking agents listed in Table 3 is 0.5 to 1 phr. As
indicated in Table 3, using ZnO as the anti-blocking

20 agent could significantly affect the dispersion size.
This anti-blocking agent may act as curative and, hence,
remove benzylic bromines from BIMS for the reactive
compatibilization. The results clearly show the increase
in volume average dispersion size and the decrease in

25 fatigue resistance. The results are shown in Figs. 1 and

2 (see #9 - #13 for Examples 9 - 13, respectively).



5 shown
respecti
wei ght |

in Figs.
vel y).

1 and 2 (see #5 - #8 for
Table 2 Exanple 5 6 7.1
R M5 100 100 100 100 DML6D 0

15

Exanples 5 - 8§,
1 Fornulation (parts by
I.02.03.0 znOO0.15 0.15

0.15 0.15 St-acid 0.60 0.60 0.60 0.60 2znSt 0.30 0.30 0.30 0.30

Nylon 1 95 95 95 95 Additive 212 0.7 0.7 0.7 0.7
Properties On (m 0.49 0.6 0.65 0. 46,

2.8 1.3 0.

1

0 _*1:

Physi cal
e(:grr) 0.91 1.6 4.85 5.96
Conpar ative

Fatigue cycles (x106 1.7 -

Exanpl es ekzupiAnt i oxi dant Exanpdes 9 - 1d in Examples 9 1213, [Nyl an
2 matriXg W hoeut, NIl and [w thout plasticizef, was[used. in
bl endi nqbbw‘;el Nyjon Z— 15|viscosity nodifier;, suchjas DML6D and
6PPD, i$ to provi (ge good vijscosity nmtching and fine|Rl M5
rubber |8f%persions. The concehtTatijon 4%8d for *Phe Jant i*°%bl ogki ntf?
agents |P%t& in Table 3is 0. to 1 phr® As | inBicdtedli-A Table 3,0
usi ng Zn€Fes t he anti - bl ocki ng®-20 agent 9¢dul d] sPghi fji canPly aff ecto
t he di speesieanizstiz®. Thi s|antteldl ogkilzgatgent mBy act asiccur at C¥@atos
and, henege renove benzylic lrosi ngs fg.as Bl |V® figr |t hegr@activeog.1s
conmpat i bikiZati on. The resultg ebearly shew theyidgcreasg, go n gol PYp=N
average|diLspersion size and thesgecrieasg jpyn 26 J%l gue pegjstance. 5
The results, ar2e shown in Figs. ;4 and 2 {see #9 #13 fog8 Exanpl e§809
- 18, r«nsﬁ lCtlIV ely). 13 - 0.75 0.75 0.75 0.75 0.75
Physical Properties
-20°C Strength 47.25 44.56 43.61 51.77 46.13
(Pa) *?
-20°C Elongation 280 277 300 353 320
(%) "2
25°C Strength (MPa)’? 31.97 32.14 27.17 35.72 33.03
25°C Elongation (%)} 320 313 313 343 350
Dn (um) 0.35 0.37 0.47 0.43 0.39
Dv (um) 1.19 1.50 3.27 0.99 1.10
Fatigue cycles (x10°% |1.0 - 2.0[1.0 - 1.5 0.11 0.5 -1.510.9-1.,5

*1:
*2:
S %3

Antioxidant

Comparative Examples

All tensile test results are reported as averages of

measurements along the machine and transverse directions.




Table 3 Exanple 9 10 11'1 12 13 -Fernul ation (parts by weight) DI'M5
100 100 100 100 100 Dvi6D O 0 0 1.0 1.0 6PPD 0.5 0.5 0.5 00

Pell etization Talc Irgafos ZnO Talc Irgafos 2ZnO 0.15 0.15 0.15 0. 15
0.15 St-acid 0.60 0.60 0.60 0.60 0.60 2znSt 0.30 0.30 0.30 0.30
0.30 Nylon 2 98 98 98 98 98 Additive 2'2 0.75 0.75 0.75 0,75 0.75
Physi cal Properties -20C Strength 47.2p, {556 43.61 51.77 46.13
(MPa) '3 -20C Elongation 280 277 300 353 320 (% _ .3 25C Strength
(MPa) 3 31.97 32.44 2721%eBEOF2£83 gontred lgnshgatdiciPqmaian 3952818t

313 343 35QG4n [ 4 $#dmér 3Pn 0a 3¢nBrfé Qa@%& %%as%n(e@ clorﬂ&oélé;@oﬁ 27
0.99 '1.10 Fatjgue, cycles (x106 8 0 .50.11. 0.5 -
0.9 - 1,5 DAVIFHBPLeYSL E%% Fé&tg azld Aﬁtaeéme@aﬁlh@ %Prpprlsmw

tensibe test results are r@@DtLﬁﬂx@ﬁga\(al)a96$1anogeﬁﬁa§dH elesbst ¢l ong
t he machi ne aqﬁitransv se dL§ectéons 3 §L thqg ford
control | i n§ ?ﬂﬁ§3| )5?3 F+d8n38Aad n@rqﬁ?3§ﬁ 5178
el-ast oner conposition haviymanipadigdvdlcalpiilziityy amélnqxulmﬂmnllty
conpri si ng:. 5, nelt - mxi ( a ted t:
(B) pol yambdleserggral&;? gg‘%ﬂé‘? s‘bﬁ)é? sdgﬁgglggg%l%d \)ug’%lr%%rlﬁygg]%o%rﬁ%am ZI ng
the resul t ant wherein the halogenated 1sobutylene

510 elastomer is dispersed in the polyamide matrix at a

volume-average dispersion diameter Dv of less than

2.0 pm.
2. A method as claimed in claim 1, wherein the
‘ amount of the halogenated isobutylene elastomer is 95 to

'15 25 parts by weight and the amount of the polyamide (B) is

| 5 to 75 parts by weight.

3. A method as claimed in claim 1 or 2, wherein
the amount of the dispersion aid (C) is 0.1 to 50 parts
by weight, based upon 100 parts by weight of the

20 halogenated isobutylene elastomer.

‘ 4. A method as claimed in any one of claims 1 - 3,
wherein the halogenated isobutylene elastomer is
brominated poly(isobutylene-co-p-methylstyrene).

5. A method as claimed in any one of claims 1 - 4,

- 25 wherein the polyamide is at least one member selected
from the group consisting of Nylon 6, Nylon 66, Nylon 11,
Nylon 69, Nylon 12, Nylon 610, Nylon 612, Nylon 46,

Nylon MXD6, Nylon 6/66 and the copolymers thereof, and
mixtures thereof.

f 30 6. A method as clalmed in any one of claims 1 - 5,
wherein the dispersion aid (C) comprises at least one
viscosity enhancer which is selected from the group
consisting of reactive compatibilizers. |

7. A method as claimed in any one of claims 1 - 6,

35 wherein the reactive compatibiliﬁers are tertiary amines,

secondary diamines, and mixtures thereof.



blend to obtain the dynam cally vulganized pol ymer blend wherein
the hal ogenated i sobutylene 110 el astoner is dispersed in the

. polyanmide matrix at a vol une-average di spersion diameter Dv of |ess

than 2.0 pm 2. A nethod as clainmed in claim1, wherein the anount
of the hal ogenated isobutylene elastonmer is 95 to 15 25 parts by
wei ght and the arfount ®dfMeHoPoryasidémes) 1ns any eae7®haatasimy 1 - 6,
wei ght. 3. AnEtdod @ ol @R ide £h8bMdudlad entheliGind t 1S ANDAAL
of the dispersion aid (G i1s 0.1 to 50 parts b{ wel ght, based upon
100 parts byiiegiRedbhalirgomrted ojerar el PashaLpsERaed dst oS Bhan
A net hod aslclqtned in any one of clains 1 - 3, wherein the

hal ogenat ed i 40 utyl ene el astoner is brom nated

pol y(i sobutyl ene-co-p-nethyl styrene). 5. A nethod as clained in any
one of clainms 1 - 4, 25 wherein the polyamde is at |east one
menber selected fromthe group consisting of Nylon 6, Nylon 66,
Nylon 11, Nylon 69, Nylon 12, Nylon 610, Nylon 612, Nylon 46,

Nyl on MXD6, Nyl on 6/66 and the copol yners thereof, and mi xtures
thereof. 30 6. A nethod as clainmed in anyone,of clains 1. - 5,
wherein the dispersion aid (C) conprises at |east one viscosity
enhancer which is selected fromthe group consisting of reactive
conpatibilizers. 7. A method as clained in any one of clains 1 - 6,
35 wherein the reactive conpatibilizers are tertiary am nes,
“-secondary diam nes, and m xtures thereof. 15 8. A nethod as clai ned
-~in any one of clains ,I - 6, wherein the nunber-average equival ent
di aneter of the dispersed hal ogenated isobutylene elastorner is
less than 1 m C





