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HAVI NG VI SCOSI TY- ENHANCED AND VULCANI ZED ELASTOMER DI SPERSI ONS 5 Techni ca
Field The present invention relates to an inproved thernoplastic el astomer
conposi tion having excell ent heat resistance, durabil YRy EXOC-R&EHAAHAT t y,
whi | e possessing superior air inperneabillity. in particular, the present

10 invention relates to a thernopl astic el astoner conposition having

vi scosi ty-enhanced and vul cani zed el astoner di spersions that have reduced
particle size. Background Art EP722850BRIHTEONosed a | ow perneability 15

t her nopl astic el astoner conposition that is superior as a gas-barrier |ayer
in pneumatic tires. This thernnplastlc conp05|t|on conprlses a

| ow per neabi | it E GR35I ELASTIONM OB T VAN TS
pol yami des, in ~whi ghumicew wm@}dmmgmmrsmlﬁ @&s@mm@d 0
poly(lsobutylene co- p-nethylstyrene), 1.e., BIM5, 1s dispersed.
Subsequet | y, HaFBGIRIEPISEP61A1 and EP969039A1. viscosity ratio between

the thernoplastic wmd idresangd LR dndiker rdHISRESHEN a\ﬁa& é‘ci ed as a
function of t vol u gg fractlon rati o and i ndependent be cl.ose to

one in order toFdH ita S ASEAETUIGRPPI ST Tty Ilél'aqt |eé‘ TMhd'Sbber

di spersions, ressipacinos! ur@biitliiesd iand (ﬂlanmﬂleltyr,ubzbﬁrlajlgﬁmeymasg was

recogni zed in EP969039A1 |n t hese th ngpla§% Iasgpner f or dell%grlng

accept abl e durPaBiFHF 30 :ﬁ&&%ﬁ%ﬁ%&ﬁiﬁ t'hei " FSAgE Y aFHn § A

pneumat i@ ti resrerBuert aetlkeefs aw actﬂhe&tﬂc@iaasmdcsleéarsttotnaml ng

char act er i Sti ¢ Jrpher.antyd 085 RAMIRLS., Ieduetians in o Miscasidy val ues of
enperatur

Rl M5 pol yners at INcrease Stear Fates encount er ed

dﬁhlng m Xi ngelastomer dispersions that have reduced particle Slze
"—../

Background Art
EP722850B1 disclosed a low-permeability
15 thermoplastic elastomer composition that is supefior as a
gas-barrier layef in pneumatic tires. This thermoplastic
composition comprises a low-permeability thermoplastic
matrix such as polyamides or blends of polyamides, in
which a low-permeability rubber such as brominated
20 poly(iscbutylene~co-p-methylstyrene), i.e., BIMS, is
dispersed. Subsequently, in both EP857761A1 and ﬁ
EP969039A1, viscosity ratio between the thermoplastic
matrix and the rubber dispersion was specified as a
function of the volume fraction ratio and independently
o 25 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
elastomers for delivering acceptable durability
30 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 poiymers at increased

35 temperatures and shear rates encountered during mixing
are much more pronounced than reductions in viscosity of
the thermoplastic component with which the BIMS polymer



are much nore pronounced than reductions in viscosity of the thernoplastic
conponent with which the RIMS polynmer - 2 is blended. However, m nim zation
of the viscosity differential between the BIMS and thernoplastic

conponents during m xing and/ or proceSS|n? is essential for the provision
of uniformm xing and fine blend 5 norphology that are critical for good

bl end nmechani cal properties. Considering the | ower viscosity of BIM at

high shear ratgsyighber | 0u,ERLECUL2S 1ELEhl 0BT @ecn il BigogE eyl ons with

plasticizers are required to mafch viscosities between BIMS and Nyl on for
provi ding 10 ¢dféarrredabl MetunenNyrenBBEnasdwiharaeRbptbFfe di spersion

sizes as dlscEeﬁgenbﬂt§P§§E2§§Aél§@ﬁg £E§§8938£éceﬁeiﬂg0951eegehE§aht in the

usage of Nyl ons onpr on sed mechani cal perfor nance and
perneabi i ty. £85 ﬁﬂeaPF@VhéﬁpveoﬁePﬁbﬁof@ Wﬁ¥enﬁlé%@l§1%%t€heﬂﬁe V|sc03|ty
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he hl%g reactiyity of the BrPNS

the latter nggnent g g

broni nated p-P PﬁﬁF%??renE? 6%66516ﬁ BR OWﬁFeVlﬁ%%thﬁsggcﬁévﬁoﬁ in 20

BI M5 coul d benighr eluaedr-hheslgbicnay el 6k 0noRECBL PMSsé Ogh¥agiads strong
parent . nol ecul ar weights. of BI M nd |ts

interacting g s to_raise the

viscosity. Ang?EEPS ﬂﬁtﬁgzoﬁﬁrwﬁgch ??§l%ﬁﬁﬁﬁ§eﬁﬁﬁtr?ﬂgﬁfﬁ% e CRhbly
~partially croe&bbbhlBt&B bethesanBIiypesdofytonatbyesraddid sre EP969039A1)
However., . al | hods i easi,n iscosity, of Bl i nvol ve reactive
conver sibn of ¥ Eﬁ%lzaaohgﬁ aB?hgy&8?oﬁxgnéﬁdvlﬁanﬁﬁ?egﬁaggg it from
reactive conﬁaprrbumatsmlemﬁah 8y bohosadbiendp&g7a6tiat reml parti ci pation

, curing. §b€%96§9Ah“ ”éEQH 88§90Mé59§§hi¥ th HEGHEQ% aQQ ﬁ&gS pkor BIMG

/ t her mopl a resins e~ of era romne, it
|s critical t@l§eleempaemnsede@echanleemlnerépseanhe andsheehey of BIMS to

that of Nyl onpui-hBaginiggl amounts

15 An alternative method to more closely match the
viscosity of the Nylon and BIMS at high shear rates is to
enhance the viscosity of the latter component. Relying
on the high reactivity of the BrPMS (i.e., brominated p-
methylstyrene) group on BIMS, inter-chain associations in

20 BIMS could be introduced through conversion of BrPMS to
various strong interacting groups to raise the apparent
molecular weights of BIMS and its viscosity. Another
method for viscosity enhancement in BIMS is simply to
partially crosslink BIMS with some types of curatives

i;] 25 (see EP969039Al1). However, ell 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

30 viscosity-enhancement additive for BIMS in thermoplastic
resins, which are capable of interacting with bromine, it
is critical to selec£ additives that could raise the
viscosity of BIMS to 'that of Nylon with minimal amounts
of addition and with minimal, preferably no, effects on

- 35 reactive compatibilization and cure.
Since the strongest chain associations could be

brought upon with either ionic interactions or covalent



of addition and with mnimal, preferably no, effects on 35 reactive

conpati bilization and cure. Since the strongest chain associations could be
brought upon with either ionic interactions or covalent 3 bonding, a

maxi mumincrease in the viscosity of RRMSwth a mninumaddition of any
additive dictates the usage of either Te?tlary, am nes or crosslinkers.
Dependi ng on the alkyl chain | ength and nunber in tertiary amnes, 5 ionic
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in these 15 cross ers Trmts el r crosslinking ef Iciency to prevent

gel ati on, mheYéégoﬁhéya@iy$1%%dt@r@u@e%¢b@bh%sleY®b %@#@bm$m%wa18unnary of
the 'nve“t'oncaﬁgreﬁl§§é of the ﬁ ﬁPﬁ;éQVSPtBPWB'S Aﬂbﬁéoalﬂe a 20

t hernopl astic elastoner conposit aving I nproved inperneability and
excel | ent nech@ﬁtééFYp@@b%?ﬁle@l%@t%yll@thbn@%#%@%r@r%ﬂ@0$ht$©U%able

resi stance. |@h§089k9§n5§oMbt§ré@fd@£e§ﬁ@tpéf¥f91'Q@lu%ffi i $n ﬁi@y'ded a
t her nopl astic el astomner “conposition having 25 inproved nechani cal

pr oper ti%s anUhPéﬁﬁﬁuEh?eg%%?%%E% SHAPP | BY PgeAtYyRanFearly HLPEEdRged bl end

of (A) a hal egenabgdci 5950t vheD6nel asseaRic (EBLPOLY ok deeablddt) an amne
nponent sel cted fromthe group q&n3|st|ng of tertlﬁ % am nes, secondary
m nes, and ﬁ?%%ﬁ?%swah3® %f ¢ 3y TEAP AR SR BRI afF FRSELWher ei n t he

elastoners arerodsiprksedfas ehdowbstoshta @@H&m@@@@ﬁtp@ﬂSBIM$ the
Steric hindrance of the secondary amine in these

15 crosslinkers limits their crosslinking efficiency to
prevent gelation, whereas the alkyl end group provides
the solubility.

Summary of the Invention
The object of the present invention is to provide a

20 thermbplastic elastomer composition having improved
impermeability and excellent mechanical properties at a
low temperature and fatigue resistance.

In éccordance with the present invention, there is
provided a thermoplastic elastomer composition having
iu) - 25 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

30 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

35 follow, the singular forms "a", "an" and "the" include
plural referents unless the context clearly dictates
otherwise.



pol yam de. Di sclosure of Invention In this specification and in the clains
which 35 follow, the singular forns "a", "an" and "the" include plural
referents unless the context clearly dictates otherwise. - 4 The present
invention relates to a thernoplastic elgstoner conposition, nore
particularly relates to a thernoplastic el astoner conposition excellent in
durability and in inperneability. The present invention 5is directed to

rai se the viscositoheOfpridhenialiggenatied rlegelekyhene ehashemigttie be simlar
to that of th a&ﬁfl anm des t hrough quaterinized_am.ne i Qni c associ ati ons
USi ng terti am ATOES GOTBOFAIEAT s b AR ST AL dHd ARy A tRarTnds | n Bl VS,

I\/bsf]I speci fi Q:&ﬂﬁr&!nogillh&tﬁrce%Q{afstb@leirn\tmeio@ﬂtﬁ.@naTe&&e&%le@tp][i@CeSS 1(‘1 or
produci ng a er mopl,asti c, el ast oner c Qsi tion, capabl e .providing a
ubber  domai FHAFTG S ) 1L AT EeETE SDag Wiher ATEnGE S eRber TAPELAGE

equi val ent ddmaidi rdicereel eo rariges theomi@oebsitty bemttioha lvigehadtked he usage

of | ow nol ecul ar_wei.ght 1 | ons._ or, | ons, .wi_th plasticizers, while having
hi ghly extenh999%§$§$ e IS O SR §6mE %%ﬁdtg gﬁgéeg %F produci ng a

pneumatic ti pelysimgleshe hsamyh Ghe terdhdrzeed drdnegdoatied assobutaytliens
Sobut y1 ene. o JHEr S S o Sr RS S SO P Db B 15, SHSBUEST SHe ol | owed
by bl ends t helieofingst hine@dMSot hfos tors peicid qedllyrerthe peesgns. Pat ent No.
rom t hg Fam Ty Bt he U ATEUrE B P ey RIRBE e fero RL i | onger
hydr ocar bons thiauroplies 3¢ cdastmser eosposidionalfapable o f3@roaiddny, and R2
-and R3 are ié‘%ﬂﬁi&ie@dﬁéi?a I NURAROL W 51 60 et RoRS, Mot
preferably 1 to 4 carbons (e.g., N N
number average equivalent domain diameter ranges from 0.1
to 1 micron, without the usage of low molecular weight
15 Nylons or Nylons, with plasticizers, while having highly
extensible and elastic rubber domains and a process for
prodﬁcing a pneumatic tire using the same.
The preferred halogenated isobutylene elastomers are
brominated polymers where brominated p-methylstyrene-co-
20 isobutylene polymers are most preferred followed by
bromobutyl and followed by blends thereof with each other
or other polymers (see U.S. Patent No. 5,162,445).
The preferred tertiary amines are partially hindered
amines from the family of the structure {I):
25 (R'R’R*)N,
where R' is longer hydrocarbons with 4 to 30 carbons,

M,
PN
R

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-

30 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):

35 : 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



30 di net hyl I auryl am ne, N, N-di nethylpal mtylamne, N N

di net hyl behenyl am ne, N, N-di net hyltal | owal kyl am ne, N, N-

di mret hyl ol eyl ami ne). The other preferred diamnes are steric hindered
secondary diamnes fromthe famly of tbe5 structure (11): 35

R'(NH) RS(NH) R6, where R and RS are carbon”rings, either saturated rings
(e.g., cyclohexyl, cyclopentyl) of 5 to 12 carbons or - 5 aromatic rings of

benzene and n%@BﬁQ%HE“?in@Qdo@beﬁz@ ¢! kAgAnaghchEaBaRed ALkt groyp with 4

to 30 carbons aboverin K e substitute exanple, 4,4
((2, 2- d|nethyﬂ@@ﬁﬂylPﬁhéﬁ?pChﬁétﬁi phedayPY> BithedetandAesazpenknowdhen t he

art and al so %b%veCQQHEECm§&|%ea¥§bE€@£§té§ QithArE%%neQQ%ﬁ@e Agmeen DMLED,
Armeen. DMCD, Arneen M2 Arfreen MPHT from Akzo Nobel). The préferred anine,

ei ther tertiarlyZafiA&TEENY4PEAFHE) PREVEL /| BeEREAPBSOY e 1.0 ol e anine 10

equi val ents, prefergbky @m@%ebOaQengB%ﬁ @ﬁUtMé|@@ESandnﬁﬂgopé@Eerab|y 0.01
to 0.8 nole equivalents, still _nore preferably 0.01 t

equi val ents, FOPPREFLABLY aHﬁéﬂéPéBl990961 55mgeg HﬂﬁéDquFWQPénP¥16de nost

preferably 0. Ql’mb@nODﬁC | aregehvabent armbases2uporrdmlaxeel RoE1hhe brom ne
bonded to the elast hernng Eﬁlc el astoner conposition is a

blend of a halogeﬁ ?eB §856?gléﬁénﬁka F 5RET325| $TAT8eCT which is
subj ected to dyaaine,vikeali 2at fedm Wheltebnn"dymaaECammh@anlzatlon is used

her ei n L@ 20 conno; a vulcaglzahi p63c§ss |§ whi,ch tﬂe egglneerlng
resin and a viftanfz&B-& ePas 941 E8nP28d"0AGe FIUEERIFE SN of high
shear. As a rmsmbtpréﬁermhﬂganlﬂabke -JeBambareeqgudvaileuktaneaudllymore
copsel nked aggdLaREATE 81 <6 ASPRB b kER ThoRort) S EBrREkr bl 0 L1
t he |ngredle@t@farablyeﬁpéﬂator@ whinohei sgatived ealisve anHemost
preferably 0.01 to 0.5 mole equivalents, based upon 1
15 mole of the bromine bonded to the elastomer (A).
The thermoplastic elastomer composition is a blend
of a halogenated isobutylene elastomer and a polyamide,
which is subjected to dynamic wvulcanization.
The term "dynamic vulcanization” is used herein to
20 connote a vulcanization pfocess in which the engineering
resin and a vulcanizable elastomer are vulcanized 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
i;} 25 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
30 or mixing extruders, e.g., twin screw extruders. The

unique characteristic of the dynamically cured
compositions 1s that, notwithstanding the fact that the
elastomer component may be fully cured, the compositions
can be processed and reprocessed by conventional

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



curing tenperature of the elastoner in equipnent such as roll mlls,
Banbury m xers, continuous m xers, kneaders 30 or m xing extruders, e.g.,
twin screw extruders. The wunique characteristic of the dynam cally cured
conpositions is that, notw thstanding the fact that the elastoner conponent
may be fully cured, the conpositions carnghbe processed and reprocessed by
conventional 35 thernoplastic resin processing techniques such as

extrusion, injection nolding,. conpression nolding, etc. Scrap or flashing
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hal ogenated is but%iene eLastoner conponent 0 okﬁgers 0

i sobut yl ene aﬁﬁg%%ﬁ LRV ST UE QP e T PO BIF SR aR” Pat ent
Application 0OiSdduORlend hend areerisy s tpredes adyeclhave descbsbadtial |y
honbgeneous c ositi . I d?@?ﬁ'bu:?%n;mgw % rdﬁﬂ alkyl groups for the
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atons, pri maryrdddoabdkyl hawse condarsyt dvat sl ky | hotayse mepd s ororpeoi Sicma bon
atons and m x es. f. ef e c o] i i yl ene
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| east about 7520003 fyperflréadly carbhemsitemdandouigoorepricieredfy ab | east
about , 00 o) Y : e; I L ght average
nnlecuﬁgg me?%%%b%igf@t%dﬁﬁﬁﬁggPéiéﬁéiﬁggéhﬁ%géﬁ% P%ﬁ%gﬁgd?ﬁ%gé i.e., Mv M
of | ess than BdblYlstyreR@ferably | ess than about 4, nore preferably |ess

t-han about 2.5, nost preferably |ess than about 2.0. In another

‘epbodi nent, suitable hal ogenated_ i sobutyl ene 25 el astoner conponents incl ude
copol yners (S%%ht%gle haldgenated isobutylene elastomer components

include copolymers (such as brominated ischutylene-
15 paramethylstyrene copolymers) having a number average
| molecular weight Mn of at least about 25,000, preferably
at least about 50,000, preferably at least about 75,000,
preferably at least about 100,000, preferably at least
about 150,000. The copolymers may also have a ratio of
20 welght average molecular weight (Mw) to number average
molecular weight (Mn), i.e., Mw/Mn of less than about 6,
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
fw) 25 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.
30 v
Preferred brominated copolymers of isobutylene and
para—methylétyrene 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
35 125°C (as measured by ASTM D 1646-99).
The halogenated isobutyléne elastomer component (A)'
according to the present invention can be prepared from



brom nat ed i sobutyl ene- par anet hyl styrene copol yners) having a Money
viscosity (1+4) at 125C (as neasured by ASTM D 1646-99) of 25 or nore,
preferably 30 or nore, nore preferably 40 or nore. 30 Preferred brom nated
copol ymers of isobutylene and para- nethy%styrene i ncl ude those having 5 to
12 weight % para-nethylstyrene, 0.3 to 1.8 nol % brom nated para-

nmet hyl styrene, and a Mooney vi scosity of 30 to 65(1+4) at 35 125C (as
measured by ASTMLD: @éﬁe98hd Ebsueaboge@@t§§ﬁl§9bwéxbﬁee 5&@?59asnyconponent
(A) according tot present invention can be ared fro
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0
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The copolymerization can be carried out in a known
15 manner as described in, for example, European Patent
Publication No. EP-034402/1A published November 29, 1989
and the halogenation can be carried out in a known method
as described in, for example, U.S8, Patent No. 4548995.
The halogenated isobutylene elastomer preferably has

220 the number-average molecular weight (Mn) of at least
about 25,000, more preferably at least about 100,000 and

a ratio of the weight-average molecular weight Mw to the

- number-average molecular weight (#n), i.e., NMw/Mn of
f;} preferably less than about 10, more preferably less than
25 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

30 within the polymer chain. Polyamides may be prepared by
polymerization of one or more epsilon lactams such as
caprolactam, pyrrelidione, lauryllactam and
aminoundecanoic lactam, or amino acid, or by'condensation
of dibasic acids and diamines. Both fiber-forming and

35 molding grade nylons are suitable. Examples of such
polyamides are polycaprolactam (Nylon 6),



preferably | ess than about 10, nore preferably |less than 25 about 8. The
pol yam des usable in the present invention are thernoplastic pol yam des
(nylons) conprise crystalline or resinous, high nolecular weight solid

pol yners-including copolyners and terpolynmers having recurring amde units
30 within the polyner chain. Polyam des nmay be prepared by polynerization
of one or nore epsilon |actans such as caprolactan1 pyrrolidione,
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| 6, 6 h t hyl| | d
ég?yﬁgxane%hyP%%%ggggggﬁ@%égggﬁggﬁﬁ%%%f%ml %oi%%%%hﬁ%th%?én%?@obﬂ?halanlde

(Nyl on- 8, | P)candehdgtbogopeedset i ®h PI-0sitLho-0inddcamd 1O- al@ﬂ@canpwnam d

(Nylon 11) on 6 (N6) on 11 Ni|), on 1 N1 Nyl on 6/ 66
copol yner (NG?%E i %1%y%h51%3 i%n(%%g)f(wxiéﬁ ﬁ% %F%b'b@ used. The
copol ymers thﬁyeoﬁ aﬂd6a@onI&m@@s nHLs epf myyom]&nDbeNGSEd, Wddbhi ena

exanples of 1 sfacto olyanl especi t hose havin sof t eni ng
poi nt be|om/2$§§3% a?%yd%g%?p%%du?% Kjréh aiy %ﬁ%y ?%5%8% g%& Héni cal
Technol ogy, vbléfds phgeeﬁﬂgmaﬁnmlEMCWel@@@dla.kddftdqm&l Sgapptes and
Technol,ogy, Vi I a

thernndﬁgstlcgég %gﬁ$ H%§8%aml%van %iﬁ}d%3%§ 1){g#uqlgractlce of this
i nvention, w shfténéag p@lwstb¢l®me2bbf®ah1dﬁa desdngbad sbht Bhtkg poi nt or

nelting poi Nt obetueens1800 5o 230C Bel el el o1 fedandgapuoynt 1t the

‘pgl yam de (B) "usa é in presen rnvéention is pretérably 5 to 75 parts
by weight, nbreepPeferandyEnoyeboyedpares Bylyweghicieacedangon 100 parts

by wei ght of @Q@hﬁb@é&?nﬁﬁoiA)lO, pages 392 - 414. Commercially
15 available thermoplastic polyamides may be advantageously

used in the practice of this invention, with linear
crystalline polyamides having a softening point or
melting point between 160°C - 230°C being preferred.

The amount of the polyamide (B) usable in the

20 present invention is preferably 5 to 75 parts by weight,

more preferably 10 to 75 parts by weight, based upon 100
parts by weight of the elastomer (A).

The elastomer composition according to the présent
invention may contain, in addition to the above-menticned

25 essential ingredients, a vulcanization or cross-linking

G
Srls”

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
30 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
35 obiect of the present invention.
Exanmples
The present invention will now be further



The el astoner conposition according to the present invention may contain,
in addition to .the above-nentioned 25 essential ingredients, a

vul cani zation or cross-linking agent, a vul cani zation or cross-|inking

accel erator, various types of oils, an_agtiaging agent, reinforcing agent,
pl asti-ci zer, softening agent, or other various additives generally m xed
into general rubbers. The 30 conpounds are m xed and vul cani zed by general
met hods to makeukheaceapssi tbad whi ph ABYmkARD bemused tey +tuel canization
or Cross- Ilnklnq The anounts of these additives added may be nmade the
amounts gener &P ﬁoga8ngXPﬂpiﬁ§ ‘past so long as they do not run counter to

t he 35 obj ect of tmaepﬁesebwlnqveamm@ﬂclaExgnﬁbeilibeeppeseﬁttsnwemblon\MII
now be further %Iluzkrated bﬁ g IS bé a negﬂs initid to, the

f ol | owi ng Exaﬁﬁﬁgs OFh& PP PBRPREESNREPLPEP ylﬁv Pabi@8"Bretucts were used
for the T£onponents enpl agedni QofnpenExanpl es. Resin Conponent N11 (i.e

Nylon ii): R |san BESN (Atoc | 66- / 66
copol yner): Ube 5033B ﬁé@ 11§- NGHXE%E EQ ﬁbééagoﬁﬁg%(%bg N6/ 66- 3
i.e.,: CMBOOL1FS (Toray) Addltlve 1: Plast|C|z¢AtoBhbmnylbenzenesulfonanide

and conpatibilizer: AR2 3¢ Addli |ve t i an 1098, Tinuvin
622LD, and Cul Rubber %égénenquF é}gﬁlﬁzkéd58é01#58? i sobutyl ene

and para- nethylstyreneUbeIGOGﬂBeKUbhé t radenane EXXPRO 89- 4 20 by
ExxonMopj | Chem cal Conpgny¢hgviing a.nmoopay sykgaosihy)

N6/66-3 i1.e.,: CM6001FS (Toray)
£ Additive 1: Plasticizer: N-

g

*,

butylbenzenesulfonamide and
compatibilizer:AR201
15 Additive 2: Stabilizer: Irganox 1098, Tinuvin
62210, and Cul
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
DMCD: ~ N,N-dimethyl cocoalkyl amine (Akzo
_ Nobel) .
. 25 DM16D: N,N-dimethyl palmityl amine (Akzo
Nobel)
DM18D: N,N-dimethyl stearyl amine'(Akzo Nobel)
DMHTD: N,N-dimethyl hydrogenated tallowalkyl.
amine (Akzo Nobel)
30 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-
35 - phenylenediamine
zZn0: Zinc oxide curative

St-acid: Stearic acid curative



of about 45, approximately 5 wei ght % para-net hyl styrene and about 0.75 not
% brom ne DMCD: N, N-di met hyl cocoal kyl am ne (Akzo Nobel) 25 DML6D:

N, N-di net hyl palmtyl am ne (Akzo Nobel) DML8D: N, N-di nethyl stearyl am ne
(Akzo Nobel) DMHTD: N, N-di nethyl hydrgenated tallowal kyl anine (Akzo

- Nobel') 30 DMe2D: N, N-di net hyl behenyl "‘am ne (Akzo Nobel) MC

()

Di cocoal kyl - net hyl am ne (Akzo Nobel) MHT: D hydrogenated
tal | owal kyl - met hyl anzngs : ( Afz8cNebeky tEPERradk ¢d, 3- di net hyl butyl ) - N -
phenyl - p- 35 phenyl enedi am ne ZpnO Zin¢ oxide c raﬁive St-acid: Stearic
aci d cur at FAE—EE8E paS dsfQEaB¥acHRE gesd o
eval uat i oncefipbiratExanpkefpdsd weeapasatoveokxanpl es were as foll ows: A)
oxygen Per npeabi L ' per meat i on neasurenents were done
using-a Ng§&H* AN GEEperreabt ity ster at 60C. B) Morphol ogy
(Tapps ng Phage cagdenopeembdhdibat neasAbEbhenfk| wepectiorasuweng anal yzed within
8 hours after 10 _cr (o] to prevent .specinen_re] axatjon. During
cryof aci ng; °FRE Q%é%ﬁ%@nép r86§%89§a&%§9-%ggggﬁnaLcE? bmﬁth di anond kni ves
in a Reichert cryogenic mcrotome. They were then stored in a dessicator
e a0 056909020381 18 WALLLURLLOp AL *bah SURSA! ERS W L DOU!
15 condens : 3 unted in
a m ni at ur 813t epkeciiressf seraFkhahakgdi withThe8 ARineastitenent s were
perfof med | Iel. ' I,0 nni be m croscope
(D ool 1 TPty G0, RGa NG P gt ar 5e oant 1T aver DU P t he

. cryofacing, the specimens were cooled to -150°C and cut

with diamond knives in a Reichert cryogenic microtome.
They were then stored in a dessicator under flowing dry
nitrogen gas to warm up to ambient temperatures without
15 condensation being formed. Finally, the faced specimens
were mounted in a miniature steel vice for AFM analysis.
The AFM measurements were performed iﬁ air on a NanoScope
Dimension 3000 scanning probe microscope (Digital
- Instrument) using a rectangular Si cantilever. While the
20 set point ratio is maintained at a value equal 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 rescnance freguency.
25
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
30 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:

bn = Z(n,D,)/Z(n,) (1)
35 . Dv = 2(n,D,*) /Z(n,D,*) | (2)

Here, n; is the number of dispersion with eguivalent



20 set point ratio is maintained at a value equal to or |ower than 0.5, the
contact set point was adjusted routinely to ensure repul sive contacts with
positive phase shifts. The cantilever was running at or slightly belowits
resonance frequency. 25 C) Dispersion Sizes.by Image Processing | nages of
tiff format were processed usi ng PHOTOSHOP and plug-in functions from

Rei ndeer Graphics, Inc. and BIMS dispersion sizes in each sanple were
measur ed and daranetssr 3EF iDjto EXCEL data files. In this study, the dispersion
size is expressed by the equival ent dianmeter. Nunber average (Dn) and

vol une average (Dv) dianeters are calculated according to: Dn =

E(nlDl)/E(nILJLll_jﬁﬁgﬁu;_JEﬂﬁle4)/E(n1D13) (2) Fbre nl is the nunber of
di spersi on WIEt n?ga vvere rcas]stl Cém&)oge evrer%f t]%m%‘ - 53 &lh Ef:h@iclvﬁsct{:' | m and

a carcass conpoun er w an a ve and cured at
190C fob 10 réim.adheHiyaNand cmﬁ)l@eﬂ Il%habéqmslamem -pudc¥dd dft. and used

for durabilifydest] aly Al tdRifye)rckeNsi | e
Mechani cal Propeﬁ%ﬁes 16”%?qr eﬁgt e tests areéiased oﬁ JI§ K6251 "TenS|Ie

Test  Met hod B¥raRildditl 245 RAber20.” Eadnfl &7 Hz ad OB HFaem- (i.e.,

Ref erence fornulation), a plast|C|zer was added in the blend of Nll and

N6/ 66-1 to 15 Iomer the V|sc05|ty of the hwlon blend to that of BIM at
220C and 100G sy le Jechanigs St RS were  obtained in this

vul canijged blgnd. téﬂémttém a{a}@%as@otze;rn J1ie v Br0Sitanaf1 Nyleayt 6/ 66- 2 at
220C and 1000 1/s_shear rate is 742 Pa-s, whereas that of RIM5S is 20 200
Pa-s. By addifffFfed $hrvyd c@lz%rR%%undred

5?3 Exampleg 1 ~ 3

Iin Example 1 (i.e., Reference formulation), a
plasticizer was added in the blend of N1l and N6/66-1 to
15 lower the viscosity of the Nylon blend to that of BIMS at
220°C and 1000 1/s shear rate. Fine disPersiens were
obtained in this vulcanized blend. Without the
plasticizer, the viscosity of Nylon 6/66-2 at 220°C and
1000 1/s shear rate is 742 Pa-s, whereas that of BIMS is
20 200 Pa-s. 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
i;} 25 much lower than that of N6/66-2 that a poor mixing
quality was obtained. Morphology of a continuocus 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
30 a fine rubber dispersion morphology in Nylon matrix with
a dispersion size similar to that of Example 1. In
addition, without the presence of plasticizer and
compatibilizer, the oxygen permeability of Example 3 is
less than half of that of Example 1.
35



rubber) of DMLED tertiary am ne as shown in Exanple 3, the viscosity of
RIMS was raised to that of N6/66-2. As shown in Table 1, w thout the

pl asticizer and without the viscosity nodifier of DML6D, the viscosity of
BIMS is so 9 25 nuch lower than that of WNg/66-2 that a poor mixing quality
was obt ai ned. Morphol ogy of a continuous Nylon matrix with rubber

di spersions could not be attained in this case. However, as shown in Table
1, the addition of DMLED in RI M5 for Bakslendlity natchlng with hylon del i vers

30 a finezrubber—dis phot iy Wit spersion
size sim Egﬁm}? that P;'If DiEf r%gﬁe}:éﬁge Lr{ Ijli-“_y ;(ﬁ@rdé\ﬁ:r:alti‘ﬁe )f 7= (:r z::n 1ce of
pl asti ci BIMand conpat i bj er, 1fBe oxygen pernﬂﬁﬁll|ty40 Exannl@ﬁ? is

H
z

| ess thapPMabp of that of |Exanple-1. 35 -|12 - Table 1 Examle 1 IReferenc

2 Conpar aghwe) 3 R M5 100 100 10Qs DMI6D - - 1.8. 5ZnC)0.15 0.5 @5 St-ac

2

:‘I

%)

Q_v

Li
0.60 0.7h ZnSt 0. 307- N 1 28 ¢ N6/ 100 100 | =40 - -
S id . J75
Additive 2néé 00 AOOI[I e 0 k. Rupber—Co- Lon[iHUOJS
Rubber As—bisperst Rt ; H—EH-on—Canitho e DUIU A—r-eton
55?53 i P )\ nlzragy iy 7 U 12

: Nbrphotogy*
" o

D N D7
L U, 917

o

i

1
U
b

Per neabi [-F 2.8 5 %1 |\ .;h Mas_exanLned_uspng_La
(Nano ScoN&7Bbmension 3000): Digital |nsttument. 190<2: The| nunherl®Ver age
equi val e N1di anet er of rubber didper si ong calcul&ted fromtappi ng- phase AFM

a Additive 1 21 0 0
Additive 2 0.5 0.5 0.5
Morphology™ Rubber Co-Continuous Rubber

Dispersions Dispersions
Dn"? 0.37 micron Cannot measure 0.4 micron
Permeability™ 12 8 5

*1: Morphology was examined using tapping phase AFM
(Nano Scope Dimension 3000): Digital Instrument.

5 *2: The number average equivalent diameter of rubber
dispersions calculated from tapping phase AFM a
morphological images of the sample.

*3: Permeability was determined based on the oxygen
transmission rate at 60°C in a unit of

10 ccmil/(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

15 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. As shown
in Table 2, the addition of tertiary amine has beneficial

7 effects on blend properties where elongation to break

20 values are.raised at all temperatures. Fatigue cycles
were measured on the tensile specimen at -20°C.



nmor phol ogi cal

t he oxygen
measured by a Mocon perneation

i mages of the sanple.

pernmeability tester)).

on rubber

was prepared. As shown

benefi ci al
are raised at
speci nen at -ﬁ
part'
0.30 0.30 Neé/
Properties -2(
Strength (MPa)
60C El ongati on
tensile re
machi ne and tr

(Wt .

Al

10

15

20

Rl Ve

efr

15 and bl end properties,
that of Exanple 1 except the addition of

*3: Perneability was determ ned based on
transm ssion rate at 60C in a unit of 10 ccm |/ (nRdaynmHg) as

tester (MOCON OX- TRAN 2/ 61 (oxygen
Exanple 4 To evaipate the effect of tertiary am ne
Exanple 4 with identica

f or nul

ation as

0.5 phr of DML6ED tertiary am ne

in Table 2, thabdddmtion of tertiary am ne has

feets—on-blrent-propertd whete CIun'a Hofr—to—preak—26; val ues

a J tensile
2@DrmulﬂtiDnTiMEeEE£EﬁanpIe No. 1 (Reference) 4 Fornul ation
SBIGG 100 DML6D - 0.5 [nO 0.18500.15 St-acidl®60 0.60 ZnSt
®6r1kpand N11 68 68 Addjtive 1-21 21 Additive.2 0.5 0{5
)Gndt rength (MPa)*I 37 34 -20€ H ongatfon (% 443 456 |25C

7 25C Elongation (% 374 442 60C Stre MPa) | 13 16
%ﬁ it 505 Fa?hgue cyé?es g'éﬁe) 1.3 - 3.%9%%3f- 2?)h*1:
S re repaorted as ayverages. 0 measur ene al ong the
§ﬁ§@ér3eaﬁpr% i ons. 9% 8 )
Additive 1 21 21
Additive 2 0.5 0.5
Properties
-20°C Strength (MPa)™ 37 34
-20°C Elongation (%) 443 456
25°C Strength (MPa) 17 21
25°C Elongation (%) 377 442
60°C Strength (MPa) 13 16
60°C Elongation (%) 347 395
Fatigue cycles (x10°) 1.3 - 3.5 1.3 - 2.0

*13:

All tensile results are reported as averages of

measurements along the machine and transverse directions.

DMi6D, DM18D, DM22D,

Viscosity values of BIMS containing 0.5 phr of

and 6#PPD 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 eqguivalent 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,

amines,

as shown in Example 1,

of amines,

the viscosity value of BIMS was
raised from 200 Pa-s to 530 - 575 Pa+s with 0.5 phr of

similar to that of the blend of N6/66-1 and N1l
and to 600 to 800 Pa+s with 1 phr
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



5 Viscosity values of RIMS containing 0.5 phr of DML6D, DML8D, DwR2D, and
6PPD at 230C and at 1216 1/s shear rate are listed in Table 3 neasured
using a capillary rheoneter. The 0.5 phr amount for all four 10 am nes
listed are below the 0.2 nole equival entléf- bromine in Bl M5 whereas the 1
phr anount for these amnes are below 0.3 nole equivalent of bromne in

RIMS. As indicated from Tabl e 3, the viscosity value of, RIM5 was raised
from 200 Pas #5830 thes Aespgenga £iges i oM it tadne 155984 & to that of

the bl end of ni\iﬁicﬁﬁ.rﬂg and tl}iblmla@rsw déaf@@?ym fJaJnearwhg@:ﬁé)ibrto 800 Pas
with 1 phr Qﬁéﬁrﬁﬁg sim a thata%@gﬁ%@g T bIe DML6D DML8D Dwve2D
6PPD 0.5 phr™ FPEE 48 618 S ot i Tl ni xi ng of
Nyl on and BI l\éscﬂnfucmrr extHreulsjeqn a:ny14.rlsmd€e.rt.y g anesirdanas] tidrerdisd n

m nutes,_ Vi scasit t.ching .in.the m xer for devel opin f|ne d|s er si on

mor phol dgy ne %nga fg'ltl Ys (feF trﬂTé:iﬁ af'ft &ty &qF e, any
vi scosi ty enhaneesf ftsad dehasa o &dﬂlﬁ:ﬁ N2 vH 19eys iamyi ress, ta) ibendlaest acting.
To evaluatingﬂghe effectiaé%r}]'ssgn q(,}_\L@:tertlar am nes Olm)cle

br oni ne equi VAIEMYE 5% e Hni V& ZIHEFS MY C BIAEAAEC it was
stabilized | B Brabedrt wiseratabinizeed i(pPla 2@ eRidest | ir@mmeal C W

Br abender) f C. t a3 ue, the
onset of vi sgI(()s)&fll ﬁ%?‘rﬁ:@ngltajsa& C(f’?eér}%l nte[.%vge hﬁeqj& ons;fo%?a{the t or que
increasé aft éﬁtlrtur@ addi k300 .of Ushigng dth@@tsumbtm vieslusedhss the

m xi ng tenperatate, o 100G ks yf Natn ddieerdafC el diQr i i % Qfm bR NI on and

RIMS, is to slow down the acti'vation to a managenent polnt that one can
~freasure the ovEat t9fntheagorque increase after the addition of the

amine at 130°C. 130°C was used as the mixing
temperature, 100°C less that the 230°C used for mixing of

15 Nylon and BIMS, is to slow down the activation to a
management point that one can measure the onset time. As
shown in Table 4, dimethyl alkj/l amines have onset times
of less than 30 seconds. No increases in mixing torgue
was found in dialkyl methyl amines at 130°C.

20
Table 4

Tertiary Amine |Onset Time (second) |Final Torque/Initial Torgque
DMCD 8 1.13

DM16D 14 1.04

DMHTD 18 1.16

M2C Cannot measure <1

MZ2HT Cannot measure <1

Examples 5 - 8

In a dynamically vulcanized blend of plasticized

25 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 Nylbn plasticizer.

" Fine dispersions, as shown in Example 5, could be

attained in the-dynamically vulcanized blend of Nylon
30 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



shown in Table 4, dinethyl alkyl am nes have onset tines of |ess than 30
seconds. No increases in mxing torque was found in dialkyl nethyl am nes
at 130C. 20 Table 4 Tertiary Am ne Onset Tine (second) Final Torque/lnitial
Torque DMCD 8 1.13 DML6D 14 1.04 DVHT® I8 1.16 0 M2C Cannot neasure <1
M2HT Cannot neasure <1 Exanples 5 - 8 In a dynanically vul cani zed blend of
pl astici zed

P erti ary o 0%, A28 bn"Be Borrdhld EnYRe%S ot a e ARt @ P o)

wi t hout the NglomnipeasbmpiarebiliEanéodi bpewseansIMasastotiyliom Exanpl e 5,
could be at t o ul c d en f I 3Q with Bl M5
cont ai ni ng D%%@%%qgut w??hgégﬁgk 3& XnSén eﬁghégblggt Q 8esN%ﬁ%ﬁe Q

di spersi on silzeitespecirablptt hé vweboﬁetavenagecequaddbdnundlsper5|on

di anet ex of r wi th increasing DML6D anmpbunt suggesting that 15
t he add?tlonﬁgygpéPFﬁ% %ﬁgﬁgne is interfering wwth the reactive

conpati bilization betmeen RIM5 and Nyl on especially at higher anount.

Hence, it is desirable to linit the &abdat sof viscosity enhancer added in 5

| on/ BIh€i§§25£&¥g——ﬂ%ﬂﬁ—e—f?— amplE T {Reference 5—1%—7*f§;81 orutatign

(I\bF/)art by IIL}l B-VE—106—% ({':ﬁuf;%ﬁf& % ﬂvﬁeé —>—34—2—3 tllu QIS 9. 15

0.15 0.15 £i d 0.60 0.60 0.60 0.6D 0.60
(Part by weight) _
BIMS 100 100 100 100 100
DM16D - 0.5 1 2 3
zno 0.15 0.15 0.15 | 0.15 | .15
St-acid 0.60 0.60 0.60 | 0.60 | 0.60
Znst 0.30 0.30 0.30 | 0.30 1 0.30
N6/66-1 and N1l 68 95 95 95 95
Additive 1 21 0 0 0 0
Additive 2 0.5 0.7 0.7 0.7 0.7
Property _ '
Dn (micron) 0.37 0.49 0.6 0.65 | 0.46
Dv'? (micron) 2.07 0.91 1.6 | 4.85 1 5.96

Fatigue cycles
(x10°%)

1.3 - 3.5 1.7 - 2.8 1.3 0.4 0.1

*1: Comparative Example

10 *2: The volume average equivalent diameter of BIMS
dispersions calculated from the tapping phase AFM
morphological images of the sample. Volume average is

{Z} based on the following equation:
= ¥(n,D,")/Z(n,D,*)

15 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 demqnstration of the usefulness of DM16D'and

20 6PPD could be found in Table 6 where BIMS was blended
directly with N6/66-3. ' 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

25 sizes were obtained with excellent mechanical properties



|-D znSt 0.30 0.30 0.30 0.30 0.30 N6/66-1 and N11 68 95 95 95 95 Additive
121 0000 Additive 2 0.50.7 0.7 0.7 0.7 Property Dn (mcron) 0.37 0.49
0.6 0.65 0.46 Dv*2 (mcron) 2.07 0.91 1.6 4.85 5.96 Fatigue cycles 1.3 -
3.51.7 - 2.8 1.3 0.4 0.1 (X106) *1: Tohparative Exanple 10 *2: The vol une
aver age equival ent dianeter of BIMS dispersions calculated fromthe tapping
phase AFM nn&gﬂg%&g%fal ina% s of the sanple. Volune average is based on
the foll owi nd T BESESEARSSD; ) /Z (nlD1l' 15 where D. is the
equi val ent di anmeter of individual dispersion and n; is the nunber of the.

di spersion with an equival ent dianet@abdle B . Exanples 9 and 10 Further

denonst r at i onef—the—useful-ness—of-DME6D-and 20 6PPPb-coul-d—beFound i n
Tabl e 6 wher e BK#®PI8s bl ended directl y Wit B Ne/66-3_ As indl cated iln
Exanpl e 2, w Fonnulabhtondfiitimmrol viscosity enhancers in BIMS, these
bl ends with spREMSBI M5 di spersions coul d notlotave been pos$bble. As|shown
in Table 6, f|gepBl M5 di spersion 25 sizes wer,e obtai hed wi thgexcel | ent
mechani cal prppgithes - 16 - and fati gue resigtance. | Table ¢ Fxanple|9 10
Formul ation (W ,gart) BIMS 100 100 6 PPD 0.5 05 DMLED O 1.Qy 400 0.1% 0.15
St-acid 0.60 0.60
Znst 0.30 0.30
N6/66-3 ' : 98 98
Additive 1 0 0
Additive 2 0.75 ‘ 0.75
Y Properties
o -20°C Strength (MPa)"* 47 52
-20°C Elongation (%) 280 353
25°C Strength (MPa) 32 36
25°C Elongation (%) 320 343
Fatigue cycles (x10°) 1.0 - 2.0 0.5 - 1.5
5 *1: All tensile results are reported as averages of

measurements along the machine and transverse directions.



St-acid 0.60 0.60 2zZnSt 0.30 0.30 N6/66-3 98 98 Additive 1 0 0O Additive 2
0.75 0.75 Properties -20C Strength (MPa)*l 47 52 -20C El ongation (% 280
353 25C Strength (MPa) 32 36 25C Elongation (% 320 343 Fatigue cycles
(x106) 1.0 - 2.0 0.5 - 1.5 5 *1: Al tensile results are reported as
averages of neasurenents along the nmachine and transverse directions. |
.17 CLAIMS 1. A thernoplastic el ast-difer conposition having inproved
mechani cal properties and fatigue resistance conprising a dynamcally

vul cani zed bl end of (A) a hal ogenated__isobutyl ene el astoner conponent, (B)
a polyam de conponent, (C) an am ne ent conprising a mxture of

tertiary amimnea andribpThbesce tNSsEdmst YBRpdAk 108 RYvidhSPRpSEF@s a domain
in a continuous phase of the polyanmde (B) and the ami né conponent is
present in teehagdepdsPrPBArtheamedmoiftisicrasigtange ¢PEpssEiNIot t he

i sobut yl ene : i i [ g the t ' ent is simlar to
t he viscosif§£%$ﬁ%%g&80933§1 %Eg%&%%gﬁ%ﬁ?féggi%ghggﬁg%ggggglcanization. 2. A
t her nopl ast iicodhasflemer etegposet i com@Esnartai nf@d ian podlyaimddéd, furt her

containing a plasti iiﬁé? gﬂ A thernopl astic el astoner conposition_as
d e

clainmed in &% #he ot |GOMRII S BHafe B XFREB UL ene

el astonmer i gk i@ y2anBabkSaly dehtided! tHe elRls@beheandal hpeaAgunt of the
polyamde is 5 to 75 parts by weight of the blend. 4. A thernoplastic

el ast oner colFpsitsiednagsacfianabd jm a continuous phase of the
polyamide (B) and the amine component is present in the

composition in an amount such that the viscosity of the
isobutylene elastomer in combination with the amine
component is similar to the viscogity of the polyamide

component during dynamic vulcanization.

2. A thermoplastic elastomer composition as claimed in

claim 1, further containing a 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 of the
blend and the amount of the polyamide is 5 to 75 parts by
weight of the blend.

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

the halogen bonded to the elastomer (A).

5. A thermoplastic elastomer composition as claimed in
claim 1, wherein the hydrogenated iscbutylene elastomer

is brominated poly(isobutylene-co-p-methylstyrene).



claim1l1, wherein the amount of the am ne conponent is 0.01 to 1.0 nole

am ne equi val ent, based upon 1 nole of the hal ogen bonded to the el astoner
(A). 5. Athernoplastic elastomer conposition as clained in claima1,
wherein the hydrogenated i sobutyl ene elastomer is brom nated

pol y(i sobutyl ene-co-p-nethyl styrene). - 18 6. A thernoplastic el astoner
conposition as clained in claim1, whé8ein the polyanmde is at |east one
menber selected fromthe group consisting of NyI on 6, Nylon 66, Nylon 11,
Nyl on 69, lon 12, lon 610, Nylon 612, Nylon, 48, Nylon MXD6, Nyl on 6/66
and the cop FyPreFRerReptagticy e%ﬁ%ﬁpﬁ'???été?’ésﬁ%n%}a%dﬁtl on as

claimed in oghahm 1, yNOELE r!:ﬁ@epctl%}'afrdlﬂ'éy:Lémaeelgéétt&?e%édﬁ%fire (1) :
(RIR2R3) N (I') wherein Rl is a hydrocarbon group having 4 to 30 carbon atons

and R2 and Rslaﬂéednﬂmnmtgigplm dw@ms@anﬁonfgﬂbhpnh@mmglqnt606.8 car bon
t 8. t t 1,
o 8. AvIShIPP! 3501 &, clharter, SUTPRSHLEOR, §S BLARICE SN el ™

wherei n the diram e str ure(l <ereln R4
and R5 are nadepgndﬁrmms, aarlon g/esgandndhBScofodymaet&ythgramp. with 4 to 10

carbon atons.
7. A thermoplastic elastomer composition as claimed in
claim 1, wherein the tertiary amine has the structure
(I):
(R'R®R?’)N (I) 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.

8. A thermoplastic elastomer composition as claimed in
claim 1, wherein the diamine has the structure (II):

R* (NH)R® (NH}R® (II) wherein R* and R® are independently
carbon rings and R® is an alkyl group with 4 to 10 carbon

atoms.



