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Natural Rubber Nanocomposites from Pristine and 
Organically Modified Layered Silicates by Melt 

Intercalation Process

Siby Varghese, K. N. Madhusoodhanan and Rejitha Rajan

Nanocomposites

Classification

1. One Dimensional
Layerd silicate nano composites

2. Two dimensional 
Nanotubes or whiskers 

3. Three dimensional 
Spherical silica nano particles

excellent barrier, 
mechanical, 

thermal,  optical 
and physico-

chemical 
properties 
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Preparation

Four methods

• exfoliation adsorption

- nanocomposites based on water soluble polymers 

• in situ intercalation

- polymer layered thermoplastic nanocomposites

• melt intercalation

-silicon based nanocomposites 

• template synthesis 

- double layer hydroxide-based nanocomposites 

Objectives

 Preparation of NR- nanocomposites by melt 
intercalation process

 evaluation of mechanical properties

 Comparison of properties - layered and non layered 
silicates

 dispersion of layered silicates - XRD and TEM
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Materials and Methods

Materials

Natural rubber – ISNR 5

Characteristics Specification

Dirt content, % by mass. max. 0.05

Volatile matter, % by mass. max. 0.80

Ash content, % by mass. max. 0.60

Nitrogen %by mass. max. 0.60

Initial plasticity, Po. min 30

Plasticity retention index (PRI). min 60

Mooney viscosity, ML (1+4) at 100 o C 60 ± 5
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Characteristics of silicates

Material Grade/supplier Characteristics

Sodium bentonite 
(EXM)

EXM 757, Sud 
Chemie, Germany

Purified natural layered silicate, 
CEC: 80 meg/100g, interlayer 
distance 1.24 mm

MMT-ODA
(ODA)

Nanomer 1.30 P, 
Nanomer Inc., USA

Octadecylamine (ODA) modified 
montmorillonite,   specific gravity 
1.9 g/cm3,  particle size 16-20 
microns,   interlayer distance 
2.10 nm

MMT-TMDA
(TMDA)

Cloisite 30B, Southern 
Clay Products Inc., 
USA

Methyltallow bis-2-hydroxyethyl 
quaternary ammonium (TMDA), 
modified montmorillonite, specific 
gravity 1.5 to 1.7 g/cm3, 
interlayer distance 1.85 nm.

English Indian clay
(Commercial clay)  

English Indian 
Clays,Trivandrum, 
India

Amorphous nonlayered clay

Formulation

Ingredients
A B C D E F G H

Natural rubber 100 100 100 100 100 100 100 100

English Indian clay 0 10 30 0 0 0 0 0

Bentonite 0 0 0 10 0 0 0 0

MMT-ODA 0 0 0 0 5 10 0 0

MMT-TMDA 0 0 0 0 0 0 5 10

Zinc oxide 5 5 5 5 5 5 5 5

Stearic acid 2 2 2 2 2 2 2 2

CBS* 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6

Sulphur 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5

* N-cyclohexylbenzothiazole-2-sulphenamide
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Methods

Two – roll mixing 
mill (ASTM D 

3182-07)

Cure characteristics
(Moving die 
Rheometer)

Mooney Viscosity
(SMV-202 Shimadzu 

Corporation)

Tensile, tear tests
Hardness, resilience, 

compression set,
abrasion resistance

TEM & XRD 
(wide angle)

Results and Discussion
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Cure characteristics

Parameters GUM EIC 10 EIC 30 Bentonite 10 
MMT-
ODA 5

Cure time, t90, min 11.41 13.14 14.52 11.32 8.41

Mooney viscosity,
120oC, Min

37.8 38 45.3 37.1 41.7

Mooney Scorch
Time, 120oC, Min

42.42 40.21 32.46 30.40 12.59

MH 8.32 9.03 13.84 8.58 11.98

ML 0.66 0.66 1.02 0.67 0.87

MH-ML 6.62 8.41 11.0 7.07 11.1

ts2 8.55 8.59 9.16 6.04 2.59

…..continued

 Addition of modified silicates reduced the cure time of the respective 
compounds compared to that of the reference material (amorphous 
non-layered version) filled compound.

 scorch time is also low for modified silicate incorporated compounds.

 MH-ML value which is a measure of the viscosity of the compound is 
comparatively high for the modified silicates.

 Mooney viscosity is also high for the modified silicates.
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Dispersion of silicates - XRD
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Dispersion of silicates - TEM

TEM  photograph of   MMT- ODA - NR 
nanocomposites

TEM  photograph of   MMT- TMDA – NR
nanocomposites
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….continued

TEM  photograph of   EIC – NR nanocomposites  

Mechanical properties
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Variation of tensile strength with 
different silicate filled natural
rubber  nanocomposites
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different silicates filled natural 
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Variation of hardness with 
different silicates filled natural 
rubber nanocomposites.
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Variation of elongation at break 
with different silicates filled 
natural rubber  nanocomposites.

….continued

….continued

0

5

10

15

20

25

30

35

40

45

Gum EIC10 EIC30 BNT10 TMDA5 TMDA10 ODA5 ODA10

Mixes

T
ea

r 
st

re
ng

th
. k

N
/m

Variation of tear strength with 
different silicates filled natural 
rubber nanocomposites
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with different silicates filled natural 

rubber  nanocomposites.
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….continued
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Variation of compression set  
with different silicates filled 
natural rubber  nanocomposites.
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Variation of resilience  with 
different silicates filled natural
rubber nanocomposites.
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Variation of heat build up with different silicates filled natural 
rubber  nanocomposites.



11

Conclusions

 The addition of MMT-ODA and MMT-TMDA to   natural rubber decreased the cure 
time and scorch time of  the compounds whereas in the case of bentonite and  EIC   
there is not much change compared to the gum compound.

 High Mooney viscosity values revealed that intercalation   occurred during mixing of 
the silicate into the rubber. 

 Mechanical properties such as tensile strength, modulus, hardness, abrasion 
resistance, tear strength etc. of   natural rubber improved by the addition of 
organophilic clays, even at low loading (5 – 10 phr).

 The improvement in the mechanical properties of the organophilic silicates are due to 
the exfoliation of the silicates which causes  several fold increase in surface area.

 some amount of the modifier in the organoclays was consumed for vulcanization 
which in turn resulted closing a part of the interlayers. 

 XRD and TEM studies show that   organoclays are partially exfoliated, partially 
intercalated    and partially confined in the composites.


