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ABSTRACT : Recently, elastomer-nanocomposites reinforced with low volume fraction of nanofillers have attracted great
interest due to their fascinating properties. The incorporation of nanofillers, such as, layered silicate clays, carbon nanotubes,
nanofibers, calcium carbonate, metal oxides or silica nanoparticles into elastomers improves significantly their mechanical,
thermal, dynamic mechanical, barrier properties, flame retardancy, etc. The properties of nanocomposites depend greatly
on the chemistry of polymer matrices, nature of nanofillers, and the method in which they are prepared. The uniform dispersion
of nanofillers in elastomer matrices is a general prerequisite for achieving desired mechanical and physical characteristics.
In this paper, current developments in the field of elastomer nanocomposites reinforced with layered silicates, silica, carbon
nanotubes, nanofibers and various other nanoparticles have been addressed.

Keywords : nanocompoiste, nanofiller, organoclay, NR-nanocomposite, BR-organoclay nanocomposite, montmorillonite-
SBR nanocomposite, carboxylated acrylonitrile butadiene-clay (XNBR) nanocomposite, EPDM-organoclay
nanocomposite
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T HEAEA % TS T B ohe} MEYA
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II. Elastomer Nanocomposites

1. Natural Rubber(NR), Polyisoprene(IR) and Epoxidized Natural
Rubber(ENR)

Varghese'&= W 2314 Al 22 ¢J8lo] 35 G312 07 o]
S5 54 A (melt intercalation method)s A3+ ©.
o L3 HATFWNR)Y ol FA] SHepoxidized) A 3L F-(NR)

= B blend) ¥ Y H A 0] 245 ATk EE &
2 & 2 1}0] E(montmorillonite) Z#|°](clay) U542 7]
AA el FgstAe avE AFskqlth o] AzfelA
Si-69%2 ¥ AHYE FHol(clay)s AZAEW FIe=
(elastomer compound)°l] -¢-73+ QI =5 Al¥sit) w5
Jia’9} 19 A7 AES Y-F o] (clay)- U7 HEE- 2 (carbon
black)7} &3+ FA|7F NREGHA o] w]X|= 3ol M= 5
Ao Fsanrt e Bith

AT ghe X(latex)oll 53 112 (layered silicate)<
Q) the B3 AgE S o] -9k Ak BT (Blending)
719 AHEEle] AR E AlFstal dv)7d 2 XRD(X-ray Diffrac-
tion)E ‘&3ato] ¥ A, Zdo)(clay) YAF Tx¥ 2pE A
of 2 FAMES o 3, WFPoR H {IAEo] HEFE
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= 7 A= AR 2% vlse

& U WEAA S S E T o) ddEe 29
(clay) 2F#@ek(lamellae)$} 1157-7+2] A2t @Fdol] 7]Q1gttt
B 1=

4 wt%2] SiOE H7Fek A28 A1/ 2 FTHNR/SIO)
g 27 29 71EE ol gste] HEa Fuhed
(latex compounding)3to] 7N At AbshTA U= 2KSiO,
nanoparticle)= 135 v EA(NR matrix)toll oA 31
Ate] Q1AL Gt ARl Z(size)7F 75 nmO] L 7 W E
2~E(nano-cluster) et} AFsltA~(Si0y)E H71eHA] &2
AAITFNR)S}F vlshd gt o] ol 24 S7F
= 3ot

Ansarifar?} 719] Q7 APE-2 bis(3-triethoxysilylpropyl-) tet-
rasulphide (TESPT)Z AHd A2 Fd¥ v A7t v
Z A Al(silica nanofiller) 5 27+ S AME-5to] HANFE W
74ev Zhng 0w AREE Itk ARgh YR el ek
3] ®Abs 1 AR A 2] € TESPTOl EA18hHs &8 o] 8319
12k 7k b H Qe ks 9 357 134 0 2 TESPT
ol EAsk= ho] Zharel] AREH 7] Wil =4 % Al
P A

7+ (carbon) W= Ak, YeF E(nanotube) 2} = Y4l
A7} A A 315 Y5 3HA|(NR nanocomposites) ] &2]2 A2
3} 71AIA AR vHe GeFo] AT JATEH M Knite''+=
FHEE 8 1A YB3 (Carbon black polymeric nano-
composites)E AN T7] 9} YT 7| 2 E2] 0] 4 A (polyiso-
prene) Wi Ao E-8-sto] Ageidnh FAA= YA
o] oF 30 nm<?] 2% FHZE-W(Printex XE,, Degussa)©| A&
= §l o E2]o] 43 Al(polyisoprene)l 10 phre] 7HE52S
ket EshA oA "lA 2] A 2~E] H(tensoresistive) 7] A &
ojEo] U5 I WFol ofBA FFE F= AE ATt
Stk A=A Atomic Force Microscope(AFM)©] FHEE-21 &
4 U E ] A(network)7} EA vl EE] X (matrix)oll 343 (map-
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ping)sh= Hl ARE-E Atk ¥ el B3| 2] vhiesletE 54
S A7317] Y314 tappin® Atomic Force Microscope(AFM)
7F AR&E Sl

Lk Abstobd(zn0) 7t ok HAa-o] 7k vz
45 Table 1"l A8 Hoh % (Torque)gh-S aL5-oll
ARE-ShE W Absloted HIREE (ZnO compound) 2t H] 13k
o] itz # Abslolel o gHgol 3 phr} 5 phrel 73S
E7F oF 12%8] S7Fe Bl ol Abstod 1xk=719 2

2E Qe ¥de] Tk A vlEZ (NR matrix) 9}
2bgtobAd(Zn0) Wi =bebe] s A Ag 0w Qlate] &
& 7hl A E BolFal vy e &S YEhlE HolFa
(Torque) #3} &4 EF(Torque)O 7+ ZFo]% <F 12%2] F7}
= 7HA gt #A 7k AR A5 (Scorch) Al A 9
GaS ux|#] ¢Sk} Reversion time(7+ A17H2 NR-RGO||
H|5F] NR-N57F oF 25% &= 4= QlTh Akslold (Zn0)S
3 A el 7hshd dRbgA S A7) wiEel] e Atw

Table 1. Formulation and Properties of NR Compounded with ZnO Nanocomposites

Compound Designation NR-RG NR-N5 NR-N3
Formulation NR-100 NR-100 NR-100
Zn0O-5 Zn0O-5 Zn0O-3
Stearic Acid-2 Stearic Acid-2 Stearic Acid-2
Antioxidant(TQ)-2 Antioxidant(TQ)-2 Antioxidant(TQ)-2
CBS-0.8 CBS-0.8 CBS-0.8
TMTD-0.2 TMTD-0.2 TMTD-0.2
Sulphur-2.5 Sulphur-2.5 Sulphur-2.5
ZnO used Rubber grade ZnO nanoparticles ZnO nanoparticles
Maximum 66.4 74.3 74.5
Torque, (M), 1b/in
My-M; 1b.in 65.3 73.5 73.0
Scorch time (min) 5.0 4.6 4.5
Cure time (min) 6.8 6.7 6.6
Reversion time (min) 15.7 19.4 13.8
Cure rate index 54.6 46.2 50.0
(% min™)

CBS: N-cyclohexyl-2-benzothiazyl sulfenamide; TMTD: Tetramethylthiuram disulfide; TQ; Polymerized 2,2,4-trimethyl-1,2-

dihydroquinoline.
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Figure 1. Plots of (a) storage modulus versus temperature; and (b) tan delta versus temperature for ENR-silica hybrid nanocomposites

(ENR10 = ENR + 10 wt.% TEOS, number = TEOS wt. %).
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Arglolel S Ak 158 ZnO thal AMg-shd AetAEr
2T (elastomer compound)®] & Aol FAlE 1, 4 <t
o] T7tEo] Al ot W3lE WA Frtk
e H A 75 gl A YB3 (Calcium-Carbonate-
NR latex nanocomposites)*+= ¥ ] 2] ¥ U= gHAFZ 45 (nano-
CaCOs)# HATH ZHEA(NR latex)ol] AE3HHES- o] A ef 7}
sto] AxFeh o] =HH =2 A, 92 Absh i,
Az FAEA Y oA ol FAEA sk
AnF FEA Y B (Calcium-Carbonate-NR latex nano-
composites) 2] T30} B> wHE] AT ZFE Ao 35
3w Al gl gel oste] dE Sl

Bandyopadhyay Q1-75"%¢]] 2]5}o] o A A7}
U534 (silica nanocomposites)©ll th3t 93 224
A7) A F T Figure 1-ad- &ol up2 AFed &9 1
g Zo|, Figure 1-bolA= 250 websd &4 BRE
(tangent)E HOIFT} o]5 1HA TEOS &%7F S71shel
el S-S Wk B e 9 W vk opye} iy
PO FUIHE RolFal ol ATt s Agow
711 ok vtk o] gt @Ak ol FA] AT 72
Holl Ql= Ao R Qs o83 st Aeat =t
o] A& Iy (silanol group) Waz-o]th.(Figure 2)

Figure 3ol4 & ol&A] HA1HF-H 2] 7HENR-silica) <73
Ui EgkAel tisiA TEOS %9 F7tel ©E DTG

CHy My
H” Rﬁo}l

O
H H H c\
/1 cH
HO H 2
Figure 2. Hydrogen bonded ENR-silica interactions.
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Figure 3. ENR-silica hybrid nanocomposites (letter 'D' in legneds
indicates dicumyl peroxide (DCP) crosslinked samples, and num-
ber = TEOS wt. %).

(Diffential Thermogravimetry) 21 HoJFth HA T2
7HENR-silica) 7| el A WFER b= 242§ 154 2] 7 KGsilica)
FALL DTG AHE(chart)oll A & WH | Qich o -2l g
FHAI(ENR-silica system)°l| 4] & o) & (Tmax)3ke] 23 T x}0]
T ol & Rink gk et o FAl A4 2] 7HENR-
silica) A0 Qlate] Holl|A]= FHAZ o551l we}

2. Polybutadiene Rubber (BR)

Sadhu and Bhowmick'"'"*"& Zg]Helr] -7 28 o] 1}t
1= =34 (BR-organoclay nanocomposites)®] ¥4 Ad 2 3}

7112 23S ATresle 53] dieswellol VA= JFE
F71290]2 THE AlE(BROC4)E.TH= montmorillonite
MMD)E T % A 5(BRN4)ONA A YERSTE (Figure 4).
Songe 216714 Zelole] AA F WE} Feleir)
A/f718w 0] £ E(BR/organoclay hydrid)™ 2] 7}a 71%3}
Z1AIA 230l nA & Fgs A s A3} 7F E H(torque)
#el A7) =A% BR/Cloisite 15A > BR/Cloisite 10A >
BR/Cloisite 20A > BR/Cloisite 25A > BR/Cloisite 30B >
BR/Cloisite Na™©] 1, 7} &5 9IA] 28 Z=A412 Rk 7%
W2 o] NEAE 2ok gl ey R
7143 Edo] Y533 (BR/organoclay nanocomposites)©ll
A E(torque) AHo] % ZA YER AL, Zhal S5 BESE W
ol B &3 1 ARES 7 EE AL FHolw
7Fe/de wAF 7he S AT

NAEZe) et -/ D717 Selo] YR g A
(Liquid polybutadiene rubber/organo-clay nanocomposite gel)222]
FRigHA] o] AFEH Tk o] A= aEA-SE o) A
TAE 25 W Rk o el wiEd - nleliER, clay exfoliation

- 130°C
fif

6 —s— BRM4
g;- ——BROC4
80 ——EBR
58
55 3
54
52
L1}
8]
45
a4 4
A7 -
a0
38
363
4 3
32
0

Die Swel (%)

0 20 40 B0 80 100 120 140
Shear Rate (s

Figure 4. Die-swell versus log shear rate of BR and its nano-
composites.
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o] FaE A EYE S#o] Ve H A (Clay nanocompo-
sites) ol A Ak AJ3S &5 26 T~136 ‘T2 Wl B)7}
o7k AL Aol ¥9E SHSUTE o] Hol= A &
(shear field), HA] 317-2] E2FF 7 end groupell A -5
o 1|7} Fo|= clay?) exfoliationol] 7]915}ar, 71 Hol=

2o Az zrgo] migknmEdE 2dE e T 8]lo]
3 Hbdef ek 2 oldd o] fiEel T sk oS gt}

Liao”+ Z2|FEHABRYNAE ERP 20| E ik
Al (organically modified montmorillonite nanocomposites)©J| 4]
Z2]o] 42 158 (polyisoprene nanocomposites) 2} 7~
gl Fer] el 15 Y3k (styrene-butadiene rubber nano-
composites)E in sifu anionic intercalation polymerizations- ©]-&
sto] ekt o] A¥ o= J X9 exfoliated nanocom-
positesE- in situ anionic polymerization®. 2 FH] 3 5= Q1%it).
ZHHFEFIBR) S vMF2E 23] WA = e A
< eEEe] o] 9]0 % Thssith 5, BRE AR Sl
A1 1,2-unit, 3 4-unit, trans-14-unit's-> 71 Ee0] 9] 5] &
7teb A Al SIVSHAIRE, Al -4 T RE ARSI B
st fi71Edols wyskA - ME-AE EESHA vt
thA] dsbd vk A o] AEe) IS A STFsHA
ok g5 WY S I HkA| Yt

BRe| £% YiAto]l= gRAbZdEo] Ald ek

3

by

9 nm=7]9] WAbdgelA g s Bl
3. Styrene-Butadiene Rubber (SBR)

SBR 4 A% Follx 7Hg et W otk el
A SBRef| Tt W2 AT} HE A gt o ATFAE
< nanoclay”} SBROl "= YIS oY B4 Fote] AT
319t Sadhu$} Bhowmick™S- o128 72 clay 7] 2 Al
7F e B ol m X PGS AT-8F3IT Figure SOl &
SBR-Z#[o] W B 3HA| 2] 71412 2702 WsE HojFa
t}h o)== o}¥l(amine) 7HE A S| AFEZH 0] Wste] 7])1gtT)
T AeEn) 298] AR So] AR SUHE U
Ehl . gl

Figure 670l A= 4 7259 Z7h= Abgst 15%-9] a5
Ao gJslo] #-9-H& RolFr} SBRY styrene % $rell
e et A | S i e RS s B = R = R e

SBR-Z#o] wiEAe] EjstAl #Eo] Sadhugt
Bhowmick>o] 23}l A5 Ak AFME S84 SBR-Z#0] 1}
EEIAE T A o iR s A9 clay AR ex-
foliate™| 3131, T A3HA FAHE S-S Y3 THFigure 7-a, 7-b).
Hat YA FARE ©F 15~20 nmo] 3L F38]E= ©F 100 otk

204 300
2.54
_ ] —e—MODULLS at 505 ELONGATION
£ %0
Z | 1545 | —a=ELONGATION AT BREA
F | Zamd
Eald |82 —a—TENSILE STRENGTH
s 12
Z I
E 3*1 o4 2150—
& 2 I8
Sis{Z |00
g =054 g
g .
= 9 50
W}
104 oo4d 1] T T T

4] i; 4 1 ;l 1‘0 1‘? '|Id 1Iﬁ 1a 20
NO. OF CARBON ATOM IN AVINES

Figure 5. Variation of mechanical properties with variation in car-
bon atoms in the amine chains for MMT-SBR composites.

0

—0O— Tensile Srength (MPa)
54 —O— Blongation at bresk x 0.01 (35
g —A— Modulus at 50% dongation (WPa)
5
g e
a
=
Q{ .
3 1
=
2 _— _—2
= Z+ H___d__f _o— __Ff_ —0
___-""::F—'——__ﬁ_,.,—'-"'-f
Q
G T T T T T T
15 EA| 2% W 5 ]

Syrena cantent (%)

Figure 6. Variation in mechanical properties with styrene content
in SBR based nanocomposites.

Montmorillonite-SBR nanocomposite®] 4249 TS =
e WAAE AR in sit 5] 33 (anionic
polymerization) ol ¢]3lo] st fry £E24 AT¢l 'H
NMR 23} 2HFE 7714 montmorillonitea OMMT)2] 7},
= OMMT &) 3 wieol e o A4 o2 e ardaket
“d(living polymerization)] W 3}9} &3] Addoll IS
u] XX Lt} 1281} Gel Permeation Chromatograph(GPC)2]
A= OMMTE H7FE Qlsto] HtAlvlell A 4wke] st
Q1 SBRO| AA = o] T i A=Fo] S7kskal thakAl 4
st ARA G TR WA ¢Skt Transmission
Electron Microscopyt(TEM)¥} X-ray &4 Ald A5 53}
25 wt% styrene¥} OMMT 1~4 wt% 2 ©] 7017 Uiy
o= ¢hA 3t exfoliated structure”} AN}, styrenes OMMT
9] Gatel] Akt S sl Alvrt o] YAl
OMMT7} oF 2.5~4 wi%d | 7]&2] SBRE U} 2 2] lo
25, FoMg, e} S S-S AFskith

Y 7R e E A" e Q] dekAEr 53

(Carbon nanotubes (CNTs) powder styrene-butadiene rubber

—
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Data type Phase

Z range 62.90°

(a)

0 5.00um
Data type Phase

Z range 60.00°

(b)

Figure 7. AFM photographs of SBR-organoclay at (a) low and (b) high magnifications.

(SBR) composites)”” SBR latex¢]] CNT @Etol-S Al 7%
(spray drying)dFe] A|Z3Feict o] 2 S+ 2 7o) 10 nm
o]il FUg 7+ Kok akar vk A
7hE Y= RFHE(CNT) 2] 24k 71E2] 71AIA Q1 &3t W
ofato] izl ek AEr HokA e} vjwste] H Py
oAt webA] SBR H Aol CNT7F nlX|i= 982 ©] SBR
powder®] 7} 57, A& 71AIA Edol oJste] ApAIEHl <
T-¥ St} B3 Differntial Scanning Calorimeter(DSC) 4 o]
olahel SBR H Aol 2 Hol Lt ONTY| ko] we)
opIth 7kl F o= ONTell 25k SBR 3412 7har
AAe wolEh £4 7174 4L E810] composites®] A
% T2 ONTE] F7bel] whet 3e] a1 53] CNT] 9
°] 30 phro] ¢ 73-¢- F38kA LERdth <=5 SBR 5 &A| 9}
B W 3PH 60 phr -5 composites®] A&, 1A E, AL}
= 22 13.9%, 327.7%, 191.1% 4= FAH I o) A
AEH BRI 9] CNTE] st 4} CNTE] %3t 717
2 el 711 & 5 itk

AEA YreBaag¥s g 3719 CuNi 2% JE) 4
A} 1A v EYAZA AF A e Q] 31 (stryrene-bu-
tadiene rubber)E AFE-8Fo] A| st A S FH )
o4 40 phr7bA] HFFE QAT o] A} HEFAIY ] A5A
A% 7k Agre] @736l 7118t 17] A=A vEbdch
Wi=Z A9 el st DCHY A& $4& HE Alsh
= Al=(check)dt?] fl8ke] AatoiFlet. AGe k= 59 4
§ shell 21, §F=, Ake] &3 DCAR 3 ACH &l
Al grge) whet ojg A 5= AE ATkl o] H3A
o] 2%of tigk AC A&7 DC A2 Mg F7FE vEeht
a1, 7kelixl Qb I A= AREe] WSk DC A @e] A5

o

kv

3 2

i

LpERdTY,
4. Acrylonitrile-Butadiene Rubber{NBR)

oJ2] F57+2] NBR¥} carboxylated acrylonitrile butadiene rub-
ber (XNBR)-clay nanocomposites= #|Z3}7] 93] £ &3
9, &4 £, latex WY 7]=S AHESHSAL ©] compo-
sites®] E/9S S5t} the o3 H 21 E H(acrylonitrile)
grgo] WAl o] 714147 4 71AF, frasa Ao
1) X &= 9GS Sadhu®t Bhowmick™ >3} Mahaling} 172}
¥Eo] At olmd 2 YEY S shg we k)

Table 2. Mechanical Properties with Varying Degrees of Polarity
of Rubber

Tensile Elongation Modulus volyme Fraction

Desseilgrlglt?on Strength at Break Elegnggsfc)m of Rubber in
(MPa) (%) (MPa) Swollen Gel (Vr)
19NBR 3.00 362 0.66 0.332
19NBRN4" 2.73 147 1.00 0.359
19NBROC4”  3.60 154 1.23 0.436
34NBR 2.10 399 0.53 0.215
34NBRN4 2.00 279 0.68 0.219
34NBROC4 4.85 923 0.52 0.150
50NBR 2.75 553 0.55 0.178
SONBRN4 2.10 414 0.57 0.224
50NBROC4 5.60 679 0.65 0.264

¥ 19NBROC4=nitrile rubber with 19% acrylonitrile+4phr
octadecyl amine modified MMT, 19NBRN4=nitrile rubber with
19% acrylonitrile+4phr MMt.
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Table 3. Thermal Degradation Results of EPDM and Its Nanocomposites

Initial Thermal

Final Decomposition

Sample Decompositon, T; () Temperature, Tr (C) Weight Loss (%)
Pure EPDM 325 460 96.4
EPDM+2wt% 16Me-MMT" 341 459 95.2
EPDM+3wt% 16Me-MMT 355 460 92.2
EPDM+4wt% 16Me-MMT 372 461 92.1
EPDM+5wt% 16Me-MMT 372 460 92.0
EPDM+6wt% 16Me-MMT 374 462 91.8

Y 16Me-MMT=hexadecyl amine modified MMT.
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Figure 10. TEM image of EPDM/LDH nanocomposites.
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Table 4. Effect of Nano MgO on Thermal Properties of CR

Maximum rate of

oy o . o
Sample Ti (C) Tmax (C) Residue (%) degradation (%/C)

CR+ZnO+MgO (conventional) 352 353 28 6.3

CR+ZnO+MgO (nanoparticles) 367 381 27 1.7

Table 5. Mechanical Properties of Different EVA-enpanded Graphite Nanicomposites

Tensile Strength

Elongation at Break

Modulus(MPa) at

Sample (MPa) (%) 50% 100% 200%
EVA 5.54+0.10 310£10 0.72+0.08 1.10+0.10 2.70£0.07
EVA+1EG 6.030.14 350+10 0.760.10 1.18+0.12 2.8240.11
EVA+2EG 6.5840.15 360+10 0.95+0.08 1.54+0.09 3.4410.07
EVA+4EG 7.510.12 320£10 1.26+0.12 2.05+0.10 4.1420.10
EVA+8EG 4.86+0.10 210+10 1.740.10 2.74+0.11 4.67+0.10
EVA+4NG 4.59+0.20 310+10 0.66+0.05 0.94+0.05 1.68+0.10

=
O

By el 7115t
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Figure 12. TEM pictures of (a) EVA+4EG; (b) EVA+8EG; and (c) EVA+4NG.
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Figure 13. TEM image of amine modified nanotube reinforced
EVA nanocomposites.
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Figure 14. Variation of storage modulus against temperature for
EVA nanocomposites having different loadings of CNT and
amine modified nanotube (ANT) [Numbering preceding CNT/
ANT indicated their loading].
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