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ABSTRACT : The innerliner for a tire has excellent impermeability, air retention and good flex properties. The innerliner
offers a role to improve performance parameter, such as air retention and tire durability that is of praricular importance
for commercial tires. In order to improve the gas barrier properties of a innerliner, most of the innerliner rubbers, such
as a halogenated butyl rubber(HIIR), brominated poly(isobutylene-co-isoprene)(BIIR), brominated polyisobutylene-co-para-
methylstyrene(BIMS) are used as nanocomposites with nano fillers such as silicates, graphite etc. Innerliners based on nano-
composites may allow gauge adjustments and permeability reductions with potential improvement in tire durability. This
article discusses potential innerliner permeablity reduction and compounding parameters on the properties of nanocomposite
based innerliners.
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3. Carcass
5. Inner liner 6. Bead
Figure 1. Structure of a tire.
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Figure 2. Pressure change in carcass as a function of innerliner
and time.

Table 1. Comparison of Relative Permeation Rates for Air and
Moisture as a Function of Innediner Compounds

Relative Permeation Rates(at 65 ClIndex)

Polymer Air Moisture
100% NR 8.3 13.3
100% SBR 6.8 11
60% Chloro-butyl 3.1 3
60% Bromo-butyl 3.1 3
100% Chloro-butyl 1.0 1
100% Bromo-butyl 1.0 1
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Table 2. Gas and Water Permeability for Commercial Polymers

10 ,(@)
Polymer (cSa;S;I:n?/rmmzezbﬁllt};tm) Watzer PermeaE)ility
co, N, o (g 25pm/m” 24h) 40C, 90%RH
LDPE 42,500 2,800 7,900 24-8
HDPE 9,100 660 2,900 22
PP(unstretched) 12,600 760 3,800 22-34
PP(biaxially stretched) 8,500 315 2,500 3-5
PVDC coated PP(biaxially stretched) 8-80 8-30 <16 5
Cellophane 6-90 8-25 3-80 >720
PVDC coated cellophane - - 15 <12
Polyester 240-400 11-16 95-130 20-24
Nylon(unstretched) 160-190 14 40 240-360
Nylon(biaxially stretched) - - 30 90
Polystyrene 14,000 880 5,500 110-160
Polycarbonate 17,000 790 4,700 170
PVC 320-790 30-80 80-320 5-6
PVDC(VDC-VC copolymer) 60-700 2-23 10-110 3-6
PVDC(VDC-MA copolymer) - - 1.5 1
EVOH(EVAL-F)" 0.8 0.017 0.21 50
EVOH(EVAL-E)"” 2.1 0.13 7.1 19

Table 3. Patented Technology of Major Tire Manufacturers
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Figure 3. Requirement of innerliner compounds in tires.
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Figure 6. Morphology of talc.
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Figure 8. Four basic technologies of runflat tire.
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2:1 Phyllosilicate General formula

Montmorillonite M (AlsxMgy)SisO20(OH)4
Hectorite Mx(Mge_xLix)Si8020(OH)4
Saponite Mngﬁ(sig_xAlx)Ozo(OH)4

*M=monovalent cation; x=degree of isomorphous substitution
(between 0.5 and 1.3).

Figure 9. Structure of 2:1 phyllosilicates.

Figure 10. Arrangement of alkylammonium ions in layered sili-
cates : (a)lateral monolayer; (b)lateral bilayer; (c)paraffin-type
monolayer; and (d)paraffin-type bilayer.
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Figure 11. Schematical illustration of three different types of poly-
mer/layered silicate nanocomposites.
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Figure 12. Schematic of nanocomposite by the polymerization preparation method.
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Figure 14. Schematic of nanocomposite preparation by the compounding method.

Z3H Wloltk gulol o8] E@Eo] B8 Hol U 53 28Y

F3to] Asah sl AR e T Eu) vt A4 & 71E2) angAh 7k dn| 9l kT IY wAell SRk A
W S0l 2 7180 £} B A T ENENRE  glo] wiasl clays fFlste] a1 el A 771 Ake
golalx] k& ol thFigure 13). < ol g3to] AeAolE F& uhe] BAY)E WHoltk 4



110 Yong-Gu Kang et al. / Elastomers and Composites Vol. 46, No. 2, pp. 102~111 (June 2011)

A7) Al Aw)7E AES BsE e o
A g3i9h ok alate] Fhsd 7ol Sk WA ow A
Aol gro 2 WAjo] = nRAT} F& SAfolz AHelH]

717F 5o viest A¥E°] HWrkFigure 14).

6. L=SetHe| M=o lese

1F9] 957)(Usuki) 5] 1987wl Oﬂ Rl ?J@i Tz e
%"(s-caprolactom)ol 12- 0]"3]‘“‘11] 7heo] ]’5‘]

s jﬁ%’\]ﬂ‘:}—‘ Zﬂ% ‘E‘jfﬁol'?\i‘:]' o Z]% ’\e’ﬁ]?'ﬂo] =
Atolel] A AR F- o
100A 7}7ke] Sk ve|dd= EI’—@'OE A ’\]’5}5191‘:]'
(Table 4).°

Lk Al i JJr Pinnavaia’ 7} % A]
FA G} ZEoH =2 tolRlE o] g8t o FA] L B 3HA|
A77F xSk 718H01<] ‘—TLJZ_% Oﬂ upe} Sz o] |
shsb 12} ol Fow A= ehds] HE 54 vt
AR = d@E ﬂdO}oﬂE‘r(Flgure 15).

3719 B d A= 71 184 7R Alx
& gl &0l §ullE 7IRke. R K1d s o] 43 k=
tl= obA AEd 21 E Mo Fxprh e sk A4olqlrk

o] 8l F-A|= Vaia$} Giannelis7} 1522 884 ol| A4
AAIES] F3tel] A4 AFdshs 88 AdHel s
A A E ST} Vaia - Lattice-based mean field ©]< ol 4]
AR AR Wi i) 9 AEZ ] 9] s Ah-gol o)
Atk Argaiglnh. AgAlo|E 511 bel| Aok 1
Ak b AlgkE Fko R QlElf T AER T} 7Li°h~
o] 16} oﬂoﬂﬂﬂ ;Ltsﬂ,o_ Naﬂ] ]E %o] ‘%E]E :rL
alkyl surfactant chain®] %% A{-% S7F= E At} &

%] (melt intercalation) ¥} 22 H| w4 22 S-7HA S} O]O%
22 AEZ7}E obd g9 -'JrTE]‘:]'J— A8kt

Efo]o] Qleto] & 1155 ©]8-%t isoprene rubber(IIR)/
clay nanocomposite A3 7= Fd HAHE] A7} 2188 of
¥t} Kato et al< maleic anhydride-grafted IIR(Ma-g-1IR)¥} or-
ganophilic clay 15 phrE melt intercalation ¥ 0.2 A Z3}5] S
™, 71 A3} gas barrier 54°] Ma-g-lIR H.t} 250} 3= 9]
‘:}_.ll

Liang et al.<> IIR/clay nanocomposite= solution intercalation
HO 2 A|ZA] melt intercalations] Xt} 1157|249 silicates
o] Aol ¥ et AIE ATk Maiti et al.
intercalation W] = #|Z ¥ BIMS/organoclay nanocomposite ]
71A1A, st 9 f-s8hA S4E Brre A3 a4
el A1 silicates®] 71213101 BIMS compoundX.T} barrier
/o] S7khs A& & 4 9l9le, Figue 167 e ASICE”

filo

solution

Table 4. Intedayer Spacing of w-Amino Acid (H3N(CH2)s1
COOH) Modified Na'-MMT

H3N-(CHy)n.1- | Interlayer spacing of Ivlvl}t;rllla};:olsli ?lm;g
COOH the modified clay (A) (e-CLa) at 1007 }(IA)
2 12.7 14.4
3 13.1 19.7
4 13.2 19.9
5 13.2 20.4
6 13.2 23.4
8 13.4 26.4
11 17.4 35.7
12 17.2 38.7
18 28.2 71.2
CH,(CH,), NICH,),’
£ :
- CH,(CH,), ,;NH(CH,},
£
-]
=
= .
s L CH{CH ), NH,(CH,)
CHCH,), NH,"
-~ LICH,), NH,
0 4 ) TR 20
2 theta

Figure 15. XRD patterns of epoxy polymer crosslinked with dia-
mine/clay nanocomposite according to chemical structures of
modifiers.
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Figure 16. Barrier property of BIMS-nanocomposites.
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