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DI SPERSI ONS Technical Field 5 The present. invention
relates to an inproved thernoplastic el astoner
conposi tion having excell ent heat resistance,
durability and flexibilitygqwpirs sessing superior
air inmperneability. In partlcular the present
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the _thernoplastic matrix _and.the rubber dispersion
wa$ 1e5EOMETe ¢ i8Per s ARFe Gt 6@%&%% RGGcG 160 size.
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to achi t| i n_therno st.ic and
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delivering acceptable ddarability especially for eir

Us EGEPLS Y IGHBISL 565 n it e meseh it irteks tharanapghastic
t henaflraw midwas Yo 13nchishearod b Ietdag Oﬁwl%@mrd&, an
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Sh@&ﬂyraB@buﬂyﬂanH*nuab%MaﬁhMjsﬂymenp), i.e., BIMS, is
dispersed. Subsequently, in both EP857761Al1 and
EP969039A1, viscosity ratio between the thermoplastic
matrix and the rubber dispersion was specified as a
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
waé recognized in EP969039%9A1 in these thermoplastic
elastomers for delivering acceptable durability
especially for their usage as innerliners in pneumatic
tires.

Due to the flow activation and shear thinning
characteristic inherent in BIMS polymers, reductions in
viscosity values of BIMS polymers at increased
temperatures and shear rates encountered during mixing
are much more pronounced than reductions in viscosity of
the thermoplastic component with which the BIMS polymer
is blended. However, minimization of the viscosity
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35 are nmuch nore pronounced than reductions in
viscosity of the thernoplastic conponent w th which
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addidings ﬁélatvi%%géji{fiéﬁuéﬂ?ement in BIMS is simply to
partially crosslink BIMS with some types of curatives
(see EP26903%A1). However, all methods in increasing the
viscosity of BIMS involve reactive conversion of BrPMS
group to other groups and, hence, remove it from reactive
compatibilization with Nylon in blending and from
participation in curing. Therefore, in using a
viscosity-enhancement additive for BIMS in thermoplastic
resins, which are capable of interacting with bromine, it
is critical to select additives that could raise the
viscosity of BIMS to that of Nylon with minimal amounts
of addition and with minimal, preferably no, effects on
reactive compatibilization and cure.

Since the strongest chain associations could be

brought upon with either ionic interactions or covalent

bonding, a maximum increase in the viscosity of BIMS with
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viscosity of BIMS to that of Nylon with m ninal
anounts of addition and with mninmal, preferably no,
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Si nce the strongest chain associations could be
br ought upon with either ionic3interactions or
coval ent bonding, a maxi numincrease in the viscosity

of BINS.with %004/0 Q99 P 2002@_ 6701 %ﬁ £

mi i AAEES & A B0 Hv& S Ty dsfoe ©

eiEhémemaudnmmﬁryamamanam'qnwmndaaﬁm%&usDep@mpenﬁmng on
haj nd entj.ar. '

|on|c ass |§P%6nSQ%% F% %??Rﬁﬁ} Ebt%£%§§%32§ﬁ?hes’

vi Seasict pssiocBiavE one @O@é;d rb@blt@ul@r@ld wiot ¥ arfisel ridle

CORRIIHSIRY Io% tB&ﬁsp%O%r t&e%ax%fbl%l M%ve&m&ha'ﬂmlmal

tertiary am nes, dinmethyl al kyl am nes are nost
SUCCABILOMLSPRe 13 BJ1e FRORSIHAGR @ds BIMS -pafMong all
SOE@Q&P@&W hﬁ#ﬁbﬁs ﬁlW%Qh@@Sa%gggd%ﬁﬁhh%|a&%p%@st suitable.
n steric hindrance or
s IBE FdTs TEUE; PEVASER Hity BRREdd S Rl d BINS,
VVI Mea'lelaysl téed ddmetthsy large culpe pefefsecttisveo etessld mdeidrance
fo% 118 Wi CQRIhY 181 1%§%e”e§te%ﬁc8&wét 1§t1ve secondary

Fance -of the Sec mone S A ot e
cr@@smumw@ry1KMWﬁﬂ§yﬂh@md @m@@95|@kﬁngh@raﬁﬁaghayac)

15 RIRANN 1S %Iro %hewqrs%%% ikhe e%|h|é¥1|c e%%tg RURTMS,
prOV|des t.he sol ubi | |t¥ Summary of the Invention The

ObSEEE 361 MIRETARESCR IHAPeRECORIPEY @n&n@v iide these

t hesdapl1asikied sellagti e Pch@qr_mwotslsqrinha\ﬂgn@flfmﬁ@\tﬁq; 25%
erties

G P S A AE i SRRy s GIaRcl GRpup Drovides
acthredamvdebviltifyt.he present invention, there is
Pr evige % O%h%kgoahg%%kqo%lastoner conposi tion havi ng

| nprove nmechani cal propertles and fatlgue resi st ance
25 conp@hsi 9 igcyy ednitéal Py epgntadinved thioand softo Rroyide a

halt%@:ﬂ@tpq@slt%b @l wls@mee! 2Rt i10B) nRQLYR/MidR R4

(C &&Bﬁ?%%ﬂb lcorrpo%gnt gﬁhgcted fron1t2§ %%ou os at a
co MG O TSEOGRAS Qe

andow xempesagfure and fatigue resistance.

In accordance with the present invention, there is
provided a thermoplastic elastomer composition having
improved mechanical properties and fatigue resistance
comprising a dynamically vulcanized blend of (A) a
halogenated isobutylene elastomer, (B) polyamide and (C)
an amine component selected from the group consisting of
tertiary amines, secondary diamines, and mixtures of
tertiary amines and diamines, wherein the elastomers are
dispersed as a domain in a continuous phase of the
polyamide.

Disclosure of Invention

In this specification and in the claims which
follow, the singular forms "a", "an" and "the" include
plural referents unless the context clearly dictates
otherwise.

The present invention relates to a thermoplastic
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tertiary am nes and di am nes, wherein the el astoners
are 30 dispersed as a donain in a continuous phase of

wo b@4/0pobyani de. Di scl osure of Invention |In thP&T/US2003/006701

speci fication and |n the clalns which follow the
singular forms "a", "an" and-"the" include 35 plural
referents unless the context clearly dictates

The i nvention
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The preferred tertiary amines are partially hindered
amines from the family of the structure (I):
(R'R*R®*) N,
where R* is longer hydrocarbons with 4 to 30 carbons,
most preferably 12 to 30 carbons, and R® and R® are
independently a shorter hydrocarbon with 1 to 8 carbons,
most preferably 1 to 4 carbons (e.g., N,N-
dimethyllaurylamine, N,N-dimethylpalmitylamine, N,N-
dimethylbehenylamine, N,N-dimethyltallowalkylamine, N,N-
dimethyloleylamine). The other preferred diamines are
steric hindered secondary diamines from the family of the
structure (II):
R*(NH)R’(NH)R®,
where R’ and R® are carbon rings, either saturated rings
(e.g., cyclohexyl, cyclopentyl) of 5 to 12 carbons or
aromatic rings of benzene and naphthalene, and R® is a
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nost preferably 12 to 30 carbons, and R2 and R3 are
i ndependently a shorter hydrocarbon with 1 to 8
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shear., As a result, the vulcanizable el astaner

oi SIS @aGs Iy VeIGSEI A S SHod5er S dilcanized under

conditions of high shear. As a result, the vulcanizable

elastomer is simultaneously crosslinked and dispersed as
fine particles of a "micro gel" within the engineering
resin matrix.

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
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
thermoplastic resin processing techniques such as
extrusion, injection molding, compression molding, etc.
Scrap or flashing can be salvaged and reprocessed.

In a preferred embodiment the halogenated
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fine particles of a "mcro gel" wthin the engi neering
resin matrix. 25 Dynam c vul cani zation is effected by

woroosigrovhe i ngredients at a tenperature whi chCT/ESZ03/006701

or above the «curing tenperature of the elastomer in

equi pment such as roll mlls,~Banbury(r) mixers,

continuous mxers, kneaders or m Xing extruders
extruders. The 30
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for the para-al kyl styrene noiety include alKkyl
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styrene tabl e t
o s el St i Fob T eh o et shere 2¥ R0 pepreseranly
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mouéfe %vl%.wgrawb%r ntin®er ré%%g%f zbew*elaava@bout 6,
weighéféMlyiless ddMaiobut ess hdod pbeBérdbly less than

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

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(1l+4) at
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
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preferably | ess than about 4, nore preferably |ess
than about 2.5, nost preferably |ess than about 2.0.

wo poo4asopher enbodi ment, suitabl e hal ogenat ed PCT/US2003/006701
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The hal ogenat ed i sobut'yl ene el astoner preferably has
a ratio of the weight-average molecular weight Mw to the
number-average molecular weight (Mn), i.e., Mw/Mn of
preferably less than about 10, more preferably less than
about 8.

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
within the polymer chain. Polyamides may be prepared by
polymerization 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
molding grade nylons are suitable. Examples of such
polyamides are polycaprolactam (Nylon 6),
polylauryllactam (Nylon 12), polyhexamethyleneadipamide



10

15

20

25

30

35

t he nunber-average nol ecul ar weight (M) of at |east
20 about 25,000, nore preferably at |east about
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10, nore preferably less than about 8. 25 The

pol yam de abl e | the ent__i nvent,i on
R bRER, B3 ooy eaaneEhy eRer 2Bt (i e
or poﬂg&ienxamethlyllglfnemﬂoacalrnadem[Ngrtitons@l |1d) )pol yner s

[ I
S Oh 40 A UGBS AR ORISR N0 180U T
be cpndeased ilop WOpi@Hqtmrfl zldt-lmn@f-lmd@c@rnqm @cid (Nylon

epgihon @?ﬁb@aﬁ% 46 ,2%y163Pnal a&ham, BRI '1‘%‘ Q'ﬁﬁz , a

| aur IIa am and anlnoundecan0|c |"act am_ or
acNy 1ogr 64 6c GRBOAYAEToH NodP b6dirb Ai1Ca & 1ds (é‘W&O)r Nylon 612
di amanets, m3gt b.xlfslob%lre- fu%re]?il .ng ’Iﬂhil@g cdpail@lnf&;grtmg@ﬁ @A™ any
sui a ampl es .o c es are

OB the st RAror 18P, B8 bt A et Les of

1Zbatﬁs&wbenawepbwyammﬂmspamaﬁedm@12@04ﬂﬁﬁ$0m&ving a
/0 I . . .

poI %%glﬁ.gltgh% el%éta%e lo&% 7%( ﬁyl r& S%e’scrlbed in Kirk-
polomeueacneﬁhnwyerl@mgia@amfd@h(emm eremn)nology, v. 10,

Poluex gl N el soRhidhalam de eihad sdRncand e

atidn pro lic I"--am_no- un ecanol ¢ aci d
( I\Weé’rliln@lPﬂ)Y N@lon 1@ r( Iﬂ@)gesl\b;"ﬁ@n -1 {411 )ComyArsH afd y
E “%%)gull&bl@y |t¢1%f§(o§ﬁN6a%Qﬂlz@| alﬁrN@Ye@ﬁ)may’\'gJeoracﬁr&tageous ly
n al,so use

CoRS it e PEAE S Sy Liordy TR Ty A8 %
use&ys,%@,dllmn@n@olmmdees htaf\nns;aml Scefateoriyn p @ofart ades

SHRICAY Yollaseiao 30l Soblgni g Al helow

nc ia o

escr rk- Clhner
Chem CaITh'Ee@hTW@InGg)Of \the1®>olypagei69](@) amable in the

io\fgs%ecd'r’i‘w@‘ntp@ny B p0rRRe8 136 -Becﬁn%la@c)é p{Phreight,

10, pages 392 - . Commercially_ avail abl

thé\%’@pl%@tfleé%yy&rﬁ d€s TrnpPaFE Sadia med@&ushﬁaasi e 100

I N dahte PrAchicGyhaf dihithd RMeRtHoadr wiahh | i near

crystalljfne Aolyamdes A9 3 S Yl RUNA LYY present
invention may contain, in addition to the above-mentioned
essential ingredients, a vulcanization or cross-linking
agent, a vulcanization or cross-linking accelerator,
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
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
object of the present invention.
Examples

The present invention will now be further

illustrated by, but is by no means limited to, the
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mel ting point between 160C - 230C being preferred. The
anount of the polyam de (B) usable in the present

w0 nooafosiogn is preferably 5 to 75 parts by wei gh€T/USD03/006701

nore preferably 10 to 75 parts by wei ght, based upon
100 parts by weight of the eta%tomer (A). The

el astomer conposition according to the present

i nventjon, may contain, in addition to the

above* ROMEFPTRER®Nt i al i ngredients, a

vul cani zeité ofo DYowi g se bkt difja Pby ageat laldle products were
Vul 6ol AL 00,01 SLOS S LDKLAG, B6EE) £ ALRL o AL BUS
t ypes  of ils BT iagin , r'ei nforcing agent
pl astici zer, Redirn umwvmﬁml, or ot her vari ous

addi tives ge I & x 0 ner h
conpounds arg@%?xL de@%+€%n%ggd 5§i%%%£r §ﬁe§hgﬁs
to 30 nake the conp05|t|on whi ch may(2¥eehe®) used for

vul cani zat i om@/wJEPS(sIIénk Imﬂloﬁh@/@swds\@élyﬁew?se
addi tives add n?g gB de the anmounts generally
added in the%ﬂ%s 3 Igﬁ@ e hs they do not run counter
to the obJecm6££6¢he1peesentub@v5m343n(UBé)Exanples
The present i n, t | ustrated
by, but is bﬁ%ggérregns |h1te %3&0{#% %%54/ 081099
PCT/US?OO3/OUB$@1?1V691 f oPlask hgl Exanpl®¥s. The
foll owi ng comerci al | y- avaﬁﬁeﬁig ﬂéggggﬁ f&ﬁéﬁldésgﬁd
for the conponents enpl oyed | % Exanpl es. Resin
Conponent 5 N11 (i.e., Nyl eamRayibRiizen: FRERL0 TL
(Atochem) NoA&®idivé. 21, SMhODLHLE6: COP@?&HB&)109@PeTlan1n
5033B (Ube) N6/66-2 i.e. e 5034 Ube 10 N6/ 66

i.e.,: CMBOOLFS (Toray) A@%g%Pve anc 5st|C|zer N
but yl benzenesrihbiomantcsiepaumeint conpat i bi | i zer: AR201

BIMS: Brominated copolymer of isobutylene and

para-methylstyrene sold under the tradename EXXPRO 89-4
by ExxonMobil Chemical Company having a mooney viscosity
of about 45, approximately 5 weight % para-methylstyrene
and about 0.75 mol % bromine
DMCD: ©N,N-dimethvl cocoalkyl amine (Akzo
Nobel)
DM16D: N,N-dimethyl palmityl amine (&k=zo
Nobel)
DM18D: N,N-dimethyl stearyl amine (Akzo Nobel)
DMHTD: N,N-dimethyl hydrogenated tallowalkyl
amine (Akzo Nobel)
DM22D: N,N-dimethyl behenyl amine (Akzo Nobel)
M2C: Dicocoalkyl-methylamine (Akzo Nobel)
M2HT: Dihydrogenated tallowalkyl-methylamines
(Akzo Nobel)
6PPD: N-(1,3-dimethylbutyl)-N'- phenyl-p-
phenylenediamine
znO: Zinc oxide curative
St-acid: Stearic acid curative

ZnSt: Zinc sterate curative
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Additive 2: Stabilizer: Irganox 1098, Tinuvin 15
622LD, and Cul Rubber Conponent RI MS: Brom nated
waeoalogrwey of isobutyl ene and para- et hyl st yr BOIBEUSIOH006701
under the tradename EXXPRO 89-4 by ExxonMobi
Cheni cal Conpany having a noonéy viscosity 20 of about
45, apprOX|nater 5 wei ght Wbpara met hyl styrene and
t 0.7 9 , N-

B am ne
drogenated

' VE2D: N, N-di et hyl
beHJéIrfgflomerre f(emmmgmeawmts were done using a

D aaeaal kot —wethhyd I(I%g@lmge' MHL . 6

Di hydr ogenat ed tallomgﬁiyl aﬁ%%%s (A&zo %b%el)

6PPD: N-(1, 3- dlnethylbutyl)_N - phenyl p- _

phemy | engshsiE gy 3br ndli P¥a QX Lhed et o RhT &€18n AFM

ic acld curative ZnSt: |np sterate curatrve
PSRRI KSR TORARS TLHHD T QLET et Pods
usm&jaﬁa&inﬁLtnipneuﬁnﬁrnpéb&mgnemekﬁxhtﬁmmparmmrﬂﬁg

A SR Ahd ded) VISR L 4Ye BVana cut
Mo e o en perrre I on neasurenents were do
usivigtta dlsammcbmr@velmm p.:| Giemhewe’ammgemecsmxcmtome
60%@ WP agYs {hanpi Nig ff@é&fé‘éjtcﬁor&?dé\@df‘i&%iﬁg dry
speci mens were anal yzed within hours after
%%?ﬁgﬁ t%spr*é%/é?ﬁrf%p}ébu%@W@%&%t#%??e%?lﬂ%s 1@ithout
Cf Y igh t 110 1Siatd NBRsmaes € €00l By | &chel S4e @i ds §ék imens

wi th di anond knives in, a Reichert cryogeni m cr ot one
were mounted in a minia ure steefyvf%e fér AFM analy51s

The AFM measurements were performed in air on a NanoScope
Dimension 3000 scanning probe microscope (Digital
Instrument) using a rectangular Si cantilever. While the
set point ratio is maintained at a value egqual to or
lower than 0.5, the contact set point was adjusted
routinely to ensure repulsive contacts with positive
phase shifts. The cantilever was running at or slightly
below its resonance frequency.

C) Dispersion Sizes by Image Processing

Images of tiff format were processed using PHOTOSHOP and
plug-in functions from Reindeer Graphics, Inc. and BIMS
dispersion sizes in each sample were measured and written
into EXCEL data files. In this study, the dispersion
size is expressed by the equivalent diameter. Number
average (Dn) and volume average (Dv) diameters are
calculated according to:

Dn = 2(n,D,)/Z(n,) (1)

Dv

i

Z(n,D;")/Z(n;D,%) (2)
Here, n, is the number of dispersion with equivalent
diameter of D,.
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They were then stored in a dessicator under flow ng
dry nitrogen gas to warmup to anbi ent tenperatures

WOWwaohosto99 condensati on being formed. Finally, P¢EUSBOBW6701

speci mens 15 were nounted in a mniature steel vice

for AFM anal ysis. The AFM neaklrenments were performed

in air on a NanoScope Dinension 3000 scanni ng probe

m croscope (Digital Instrunent) using a rectangul ar

Si cantilever. Wiile the set point ratio is

maDnt ai Med iatieacCyallee equal to or 20 | ower than 0.5,

th ontact _s ust ed I I .
engﬁﬁg F@%uls?vggg ntag%?O%%the |tl|a%'li‘h Q%gge e%ﬁ%ﬁ with
Thenc adthielséver ands cronedi /g d906c ibmgh@lwlnbeldwﬂﬂﬂsNo. 2
e3anRnee 1f LAAUENGYLs hel) HnERBESLAR SheCtdun lanoe

Processin were processed using
PHéWGBh@@léﬁdteﬁﬁu@iln2@uﬁb@¢oﬁs6ﬂr§ﬁ1R@ﬂn&@érStraln
G aphics, Inc. and BI M5 dispersion sizes in each

sanmpl e were qpasur d gnd witten, .into EXCEL data
f|E@s——+ﬁﬂ¥¥+§L¥@§§€—39@4—5F§§@ﬁ§+€ﬁ-30 size is

expréassetshy et heseguiaral erisedi ametds. KE2Bier Temsdrlagerest

l di aret | cul at ed
accorg’%1 o %n%ngﬁg%%%'féﬁygfﬁl?gﬁ)ezi)argw ga cutate
@KBEQLEEQiUEEQ (2) 35 Here, nl is the nunmber of

di Sper Sirgn g /1% yi ?J ent R‘é‘f%'f%h%‘é ‘?ffor%la\é@on
2004/ 081098 BCT/ Us2003/ 60670 - cles

HIR%%&ﬁécéz@ér@@§sa@§ﬁﬁoﬁﬁﬁt®@rélﬁéﬁ ﬁét@&ltéﬁ%i /66-1 to

Wﬂu%we&nt%@h©§b%%sa&@ %&fQ%eawyl%&cb&@hdedﬂﬂhaﬁAoE5%IMS at
was then punched .out and used

Por22e 2 amd 1 %0p 0y S Bhesas raten. BB S brsR G pre
E) obendineel Nachadisc atu llenopert &9 cAldl. t ershomt adtes are

bas%%s%n Jléu %%é "E%%%lfig %%tNgaonNE%%%dleaf 820 C and

vuFcani zed
Reﬂ@w@nddsf@mﬁamaﬁ@¢@)1sa742 Pa-s, whereas that of BIMS is

200 Pacs. By adding 1.8 phr (i.e., per one hundred

rubber) of DM16D tertiary amine as shown in Example 3,
the viscosity of BIMS was raised to that of N6/66-2. As
shown in Table 1, without the plasticizer and without the
viscosity modifier of DM16D, the viscosity of BIMS is so
much lower than that of N6/66-2 that a poor mixing
guality was obtained. Morphology of a continuous Nylon
matrix with rubber dispersions could not be attained in
this case. However, as shown in Table 1, the addition of
DM16D in BIMS for viscosity matching with Nylon delivers
a fine rubber dispersion morphology in Nylon matrix with
a dispersion size similar to that of Example 1. 1In
addition, without the presence of plasticizer and
compatibilizer, the oxygen permeability of Example 3 is
less than half of that of Example 1.
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Digital Instrument.

The number average equivalent diameter of rubber

dispersions calculated from tapping phase AFM a

morphological images of the sample.

*3:

transmission rate at 60°C in a unit of

Permeability was determined based on the oxygen

ccemil/(m®+<day-mmHg) as measured by a Mocon permeation
tester (MOCON OX-TRAN 2/61 (oxygen permeability tester)).

Example 4

To evaluate the effect of tertiary amine on rubber

and blend properties, Example 4 with identical

formulation as that of Example 1 except the addition of

0.5 phr of DM16D tertiary amine was prepared.

in Table 2,

As shown

the addition of tertiary amine has beneficial

effects on blend properties where elongation to break

values are raised at all temperatures.

Fatigue cycles

were measured on the tensile specimen at -20°C.
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Di spersions Dispersions Dn*2 0.37 m cron Cannot

nmeasure 0.4 mcron Perneability*3 12 8 5 *1:
woeoploslooyy was exam ned using tappi ng phase ARM/UNEN0®006701

Scope Dinension 3000): Digital Instrunment. 5 *2: The

nunber average equi val ent di améBer of rubber

di spersions cal cul ated fromtappi ng phase AFM a

nor phol ogi cal inmages of the sagl eE *3: Perneability

was determ ned based on the

at

by & PR AT, a(wtorb 25T er (MOCON"OX-TRAN 2761
(oxygerr perneaprtity tester)). le 4 To evalygg

t he et of tertiary amne on r er 15|and bl
propdthi%s, Exanple 4 with jdentical  formilation
t hat| 2310 Exanpl e 1 except the addi®i&d of 0.5 phr0-of>
DMLGB t-etdidary ami ne was prepared?-88 shown in TaAk

2,

ef f eqtey a9+ blandd Nwrioperti es|where eBongati on to bramk
20 valdees-jare raised at all [tenperatures. Fatigue 21
cycliegigMeig measured on the tensig % speC| men at 52@C.

WO zlj 74 U UUeUS PCT/US20037/ 006701 - Tabhl & 2
Exarnpt ( Ref er ence)., 4| Fornu tlon(wt part)
Bl NG 2(90@0%5 %H’ G5 ¥nO 0. 1%9‘0 15 $t-acid .60

0. 60 ~Zh&t %‘-%a&lﬁl N6/ 6611 and 443 68 68 Addi £Pe
1 21 28°C Addianatd AMP® 0.5| Propetfies -20C Strergth

(MP3)29°@Ehgation (%) 377 442
60°C Strength (MPa) 13 16
60°C Elongation (%) 347 395
Fatigue cycles (x10°) 1.3 - 3.5 1.3 - 2.0

transm ssion rate
QG dnp1a Wyt of 10 cem | A(ikedRy-sAddy) |as neasyred

tiliemsaddition of tertiary|am ne0Oha8 beneficial 0.30

*1: All tensile results are reported as averages of

measurements along the machine and transverse directions.

Viscosity values of BIMS containing 0.5 phr of
DM16D, DM18D, DM22D, and 6PPD at 230°C and at 1216 1/s
shear rate are listed in Table 3 measured using a
capillary rheometer. The 0.5 phr amount for all four
amines listed are below the 0.2 mole equivalent of
bromine in BIMS whereas the 1 phr amount for these amines
are below 0.3 mole equivalent of bromine in BIMS. As
indicated from Table 3, the viscosity value of BIMS was
raised from 200 Pa*s to 530 - 575 Pa+*s with 0.5 phr of
amines, similar to that of the blend of N6/66-1 and N11
as shown in Example 1, and to 600 to 800 Pa's with 1 phr
of amines, similar to that of N6/66-2.

Table 3
DM16D DM18D DM22D 6PPD
0.5 phr 539 531 544 575
1.0 phr 668 702 619 790

During mixing of Nylon and BIMS in an extrusion



-20C El ongation (% 443 456 25C Strength (MPa) 17 21

25C Elongation (% 377 442 60C Strength (MPa) 13 16
wWoeoW4EBopgat i on (% 347 395 Fatigue cycl es (xROBYSHOB006701

- 351.3- 2.0 *1: Al tensile results are reported

as averages of nmeasurenents-aléng the nachi ne and

transverse directlons 5 VISCOSIty values of SINB

contalnln 6 d 6PPD

at "236C ran % %%?edrs et éﬁld"r"etefgf st 2\81§‘?F’51ty

Talnlae:c3urre;as:1m etheusiing:a fouapidda]rqp:rzfgaoﬂmteerdls'@m:&cﬁz

four Lhes .l i sted b wth
éﬁpvéglﬁz(ﬁ bﬁn%ﬁﬁ%é}% h%ﬁ {a%ﬁé?Xtﬁgjfhe
phﬁ}mqur f orHeartasse ey n@@ccmis:}beérdwrﬁz@: mded to raise
e l-i:'h‘éalBefHS Qf i S NL Hdk EEICJV% fp%sl\% d flrd)r%valuating

TabI 3, the VISCOSIty val ue o alsed
2o¢hﬂasesfﬁqyt513@ne8§75>ﬁvéfsa%q% Geartpwrﬁrsbfanpaweﬁn sl mole

Sl Brcadiried édlﬁfv&lg-eﬂﬂbeddﬁt %%Oégﬁll\%%n%lﬁl%#h]élla&ﬁd into
a e Q . .0 S .
of B ALEE T as FHaRiL i ee e BropRiden T2

UMM&&dMWEHLEH@HD Rlé%ﬁﬂﬂcdiﬂbﬁiildiﬂ%!ﬁﬁhbéhdbﬂw a8 a

extru3| ongﬂ(}b]zg)o% E%’dg}%ﬁ%u%%& 5 Blel\/%élnuea,n the

moxe@set e nesideridy tanfeicenentivag eltafsigosl tirom the
mat g d e LERS l%%\@ Oa%z& fy @&q&i Y the

nDrphoIogy needs to be est abl 1 shed late
extUdE  dHIE C anyl 34 Scogs ylsé?ﬁﬁaﬁﬁ:é?h%wlt@ rai se

S tﬂ&l&ﬂ\@d@écoﬁﬂd% hass & Q:Hh@c f@ﬁat BRI sl for mixing of

eval t|n the effectivenes various tertia
e TS Bréorih qé%fh dmrbrﬁlge ey o 2
anmmmagmm&nﬁuhhﬂhﬂrﬁhat one can measure the onset time. As
shown in Table 4, dimethyl alkyl amines have onset times
of less than 30 seconds. No increases in mixing torque

was found in dialkyl methyl amines at 130°C.

Table 4
Tertiary Amine |Onset Time (second) |Final Torque/Initial Torgue
DMCD 8 1.13
DM16D 14 1.04
DMHTD 18 1.16
M2C Cannot measure <1
M2HT Cannot measure <1

Examples 5 - 8

In a dynamically vulcanized blend of plasticized
N6/66~-1 and N11 with BIMS as shown in Example 1, DM16D
tertiary amine was added in Examples 5 - 7 with
increasing amounts but without the Nylon plasticizer.
Fine dispersions, as shown in Example 5, could be
attained in the dynamically vulcanized blend of Nylon
with BIMS containing DM16D, but without the presence of
plasticizer. However, dispersion size, especially the
volume-average equivalent dispersion diameter of BIMS,

increases with increasing DM16D amount suggesting that
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it was stabilized in a Brabender
C.W Brabender) for a 10
worRewngl109e 130C. Using the nmeasured torque val BPET/USI003/006701

i nt er nal

onset of viscosity enhancenent was determ ned fromthe
onset of the torque increase -aft®r-the addition of the
anlne at 130C. 130C was used as the m xing

ngﬁrat

100C, |
F&FlSHdoﬁl

%gs that the 23QC uysed for ,m x
rLiary auigR &éwﬁnFﬁéfﬁéﬁPﬁaW

%ﬁ the

to aeauamagenempapabmulthaﬁonnbecaeeﬁeasuseahHeNgn&at
es, .ha

N et

1T3?% gﬁgk?Et

S Seco

Hbocd St 3T B8%:

n1xﬂm@ltoth@eammastfoﬁnd1sqoa&aykyhhaethyladdedesnat

130§?139/E§ﬂbebﬂeﬁﬁFt

Torque/lniti

al Tor que

iary Am ne Onset Tinme (second)
DMCD 6 1.13 DML6ED 14

1.04 DWHID 18 1.16 WMC Cannot measure <1 M2PHT Cannot

raﬁﬁe to

nmeasure <1 Exanples 5 - 8 | am cal ly vul cani zed
pdgggpgg plasti ci zied (pex WA RRs)L |BNd NI W T H] VB as;* g1
$ uigtgéﬁﬂple I DMI6D—tertiary anrnme was addetd
L{gr“ hg&th i ncreasi ng anpunts but w thout|the
NyF8n p.gaW?&FL Fi ne_di spersions, as shown in
Lééﬂﬁle 5 could be attaPRed in {he d9Rani calig0 | 100 | 100
DMEBRi zed bl end ok Nyl on=30 wi t hj Rl M&-&ont &i nikhg 2 3
DgmeD, but w thout| the pgresence of @.dsticijzérl5 | 0.15 | 0.15
Howesetd di spersion sizey.aspecially .l 0.60 | 0.60 | 0.60
yohgae- aver age equj val ent, 3 sper sj on (dizgret er gokoR M2.30 | 0.30
| REV eases Wit R1hncr easi nggOMLED armunt9§uggest bRy [ hats 95
N33004(,081099 PCTY US2003/,006701 9 the jaddj tipn 0
of qhertlary amne jis |nt8(Eer|ng mnth E nififftYeuo.7 0.7
hg!rl Berty j ! l\l_yl UII CopCcTTT y
at—hron anount. Hence, it is desirable to
Dn (micron) . 0.49 0.6 0.65 ] 0.46
Dv*? (micron) 2.07 0.91 1.6 | 4.85 | 5.96
Fatigue cycles 1.3 - 3.5 1.7 - 2.8| 1.3 | 0.4 | 0.1
(x107)

*1: Comparative Example

*2: The volume average equivalent diameter of BIMS

dispersions calculated from the tapping phase AFM

morphological images of the sample.

based on the following equation:

Dv = Z{(

n;D;*) /2 (n;D;%)

Volume average is

where D; is the equivalent diameter of individual

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

equivalent diameter of D,.

Examples 9 and

10

Further demonstration of the usefulness of DM16D and

6PPD could be found in Table 6 where BIMS was blended

directly with N

6/66-3.

As indicated in Example 2,

without the addition of viscosity enhancers in BIMS,

these blends with small BIMS dispersions could not have

been possible.

As shown in Table 6,

fine BIMS dispersion

sizes were obtained with excellent mechanical properties




limt the anbunt of viscosity enhancer added in 5

Nyl on/ BI M5 bl ends. Table 5 Exanple 1 (Reference) 5 6

WO 2488199 Fornul ation (Part by wei ght) BI M5 10BCT/082008®6701
100 100 Dwvi6D - 0.5 1 2 3 ZnO 0.15 0.15 0.15 0.15

0.15 St-acid 0.60 0.60 0.60-0160-0.60 2znSt 0.30 0.30
0.30 0.30 0.30 N6/66-1 and Nil 68 95 95 95 95

Addltlve 1,22 0000 Additive 2 0.50.7 0.7 0.7 0.7

Pr

(nicron) 2.07 0.9
(x106) 1.3 -

Bt R tP O RS 0.49 0.6 0.65 0.46 Dv*2

1.
3.5 1.7

*1-

al e AavAar

6 4.85 5.96 Fatigue cycles
8 IrébDe460.1

Thﬂ; 3\

dire
wi t hég
t hes
have
di sy
mecth

TIC— VvV oOrUuornc—avet
Lons. ¢

u\'
|l cul at cdo

'Volune average
I (nibDi4) /2

§aM§Ie
abPeD: Dv
efuiswal ent di aneter of
$nbhe nunber of the disp

[
Rter q Exanples 9 4

)gﬁgratlon of t he usefuln
0 %und in Table 6 wh
81t6| ;3’96'

th N6/66-3. As in
s&deidide vith snal |

di-sper
imor phol ogi cal i
ils bas&@lon the
(nlDi 30)515 whe
ndi vi dugl  di sp
er si oy wig h an
nd 100E her
ess of 6D an
ere BI was bl
di cate n Exan

osity efhancers
di spér-sifons co

mages of
fol | owli 0y
re D. i 9
er si on g
equi vl ent

0, 20 b

ended
ple 2,

in BIN§
uld nof.75

ditgaeadditi on of visd
B

> Propertiessi bl e.

DEeRPI°AN SET eHigheS (WPg “obt

naniocal ERARERLIRS (%)

25°C Strength (MPa)

25°C Elongation (%)

*] s

As shown in Table 6,

f
ained wth excs
280
32
320
1.0 - 2.0

Fatigue cycles (x10°%)

i ne Bl M5
[lent 52
353
36
343
0.5 - 1.5

A1l tensile results are reported as averages of

measurements along the machine and transverse directions.
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WO 2004/ 081099 PCT/ US2003/006701 - 16 and fatigue
resistance. Table 6 Exanple 9 10 Fornul ation

w@ eao4/08@pe) BI M5 100 100 6PPD 0.5 0 DML6D 0 RCDUSZNE006701

0.15 0.15 St-acid 0.60 0.60 ZnSt 0.30 0.30 No6/66-3
98 98 Additive 1 0 0 Additive® .75 0.75
Properties -20C Strength (MPa)*l 47 52 -20C

El ongation (% 280 353 25C gggﬁggih (MPa) 32 36 25C
El ongation (% 320 343 Fati l es (x106) 1.0 -
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poﬁgaﬁfdel(B)e A thernopl astic el astomer -
COHDOSit?Oh a8 thermoplastic elastomer composition as

claimed in claim 1, which containing the plasticizer.

3. A thermoplastic elastomer composition as
claimed in claim 1, wherein the amount of the halogenated
isobutylene elastomer is 95 to 25 parts by weight and the
amount of the polyamide is 5 to 75 parts by weight.

4. A thermoplastic elastomer composition as
claimed in claim 1, wherein the amount of the amine
component is 0.01 to 1.0 mole amine equivalent, based
upon 1 mole of bromine bonded to the elastomer (A).

5. A thermoplastic elastomer composition as
claimed in claim 1, wherein the hydrogenated isobutylene
elastomer is brominated poly(isobutylene-co-p-
methylstyrene).

6. A thermoplastic elastomer composition as
claimed in claim 1, 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 the blends thereof.

7. A thermoplastic elastomer composition as
claimed in claim 1, wherein the tertiary amine has the
structure (I):

(R'R?R®)N (1)
wherein R' is a hydrocarbon group having 4 to 30 carbon
atoms and R® and R® are independently a hydrocarbon group
having 1 to 8 carbon atoms.
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i sobutyl ene el astoner is 95 to 25 parts by wei ght and

the ampunt of the polyanide~i%85-to 75 parts by

wei ght. 4. A thernoplastic elastoner conposition as

claimed_in claiml erei.n the amount of the anine
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group consisting of Nylon 6, Nylon 66, Nylon 11,

Nyl on 69, Nylon 12, Nylon 610, Nylon 612, Nyl on 46,

Nyl on MXD6, Nyl on 6/66 and the copol yners 30 thereof,

and the blends thereof. 7. A thernopl astic el astoner

conposition as claimed in claim1, wherein the

tertiary amne has the structure (1): (RLR2ZR3) N (1)

35 wherein RL is a hydrocarbon group having 4 to 30

carbon atonms and R2 and R3 are i ndependently a

hydr ocar bon group having 1 to 8 carbon atonms. WO

2004/ 081099 PCT/ US2003/ 006701 - 18 8. A

t hernopl astic el astoner conposition as clained in

claim1, wherein the diamne has the structure (I1):

RA(NH)RS(NH)R6 (I1) 5 wherein R4 and R5 are

i ndependently carbon rings and R6 is an al kyl group

with 4 to 10 carbon atons.



