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Clay  organoclay  rubber  nanocom-
posites  preparation  properties  appli-
cations

The review is particularly focused on 
clay (layered silicates), organoclay and 
rubber nanocomposites reported in the 
period from 2005 to 2015. The review 
covers the investigations carried out on 
the preparation techniques, modifica-
tions with several chemical compounds 
as quaternary alkylammonium salts 
and also biomolecules as enzymes that 
provide applicability in a variety of 
fields of layered silicates. Also the re-
view is particularly focused on the 
structure, preparation, properties such 
as permeability, flammability, mechani-
cal and thermal properties and cross-
linking. 

Eine kurze Übersicht zu Hybrid- 
Tonerde/Kautschuk-Nanokom-
positen

Tonerde  Organo-Schichtsilikat  
Kautschuk Nanokomposite  Herstel-
lung  Eigenschaften  Anwendungen

Die Übersicht ist im Einzelnen auf Ton-
erden (Schichtsilikate), Organo-Schicht-
silikate und Kautschuk-Nanokomposite 
fokussiert, über die im Zeitraum 2005 
bis 2015 berichtet worden ist. Der 
Übersichtsartikel umfasst durchgeführ-
te Untersuchungen zu Herstellungs-
techniken, Modifizierungen mit ver-
schiedenen chemischen Stoffen wie 
quarternäre Alkylammoniumsalze und 
Biomoleküle wie Enzyme, welche ein 
breites Feld von Anwendungen von 
Schichtsilikaten verspricht. Ebenso ist 
der Übersichtsartikel auf die Struktur, 
die Herstellung und auf die Eigenschaf-
ten wie Permeation, Entflammbarkeit, 
mechanische und thermische Eigen-
schaften sowie Vernetzung gerichtet. 
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Introduction
Clays are a cheap natural raw material 
that has been widely used for many ye-
ars as filler for rubber and plastics; for a 
reduction of the costs of the material. 
The majority of the clay mineral belongs 
to the category of layered silicates or 
phyllosilicates due to arrangement of si-
lica or alumina sheets in a certain pro-
portional manner [1]. Clays are compo-
sed silicate layered that are 1 nm thick 
and 200-300 nm wide in lateral dimensi-
on [2]. The layered silicate structure of 
clay is generated by 2-D arrays of silicon- 
oxygen tetrahedral and magnesium- or 
aluminum-oxygen/hydroxyl/ octahedral 
units [3].

The layered silicates are natural or 
synthetic minerals consisted of the regu-
lar stacks of alumino-silicate layers with 
a high aspect ratio and high surface area. 
Layered silicates are easily available and 
have low cost. The current most popular 
layered silicates used in polymer nano-
composites preparation are clays.

Clay is referred to a part of soil frac-
tion with the particle size of less than 
2 µm. The clay layers have a thickness of 
about 1 nm which is in the nanoscale. 

Nomenclature and Classification
Clays are layered: this is their most im-
portant feature. They are inorganic com-
pounds composed by stacked layers, 
whose atoms are joined together by io-
no-covalent bonds that are bound to 
each other in the perpendicular direction 
through weaker forces. This implies that 
layers can be separated from each other 
by applying a minor amount of energy, 
whereas remarkable energy is required 
to break the layers.

Clays are a sub-family belonging to 
the larger family of layered oxides (or 
oxyhydroxides). They are not only silica-
tes, as some of them do not contain any 
silicon atom, though those applied for 
the preparation of polymer nanocompo-
sites are indeed essentially silicates.

Clays can be classified according to 
the electrical charge of the layer, as sum-
marized in Table 1. Clays have either (i) 
neutral layers or (ii) negatively charged 
layers or (iii) positively charged layers. In 
the last two cases, the layer charge is 

exactly compensated by an equal 
amount of opposite charges located in 
the interlayer space. Clays with nega-
tively charged layers or positively char-
ged layers are respectively called cationic 
clays and anionic clays.

Structure of clays
The layers are built from tetrahedral 
sheets in which a silicon atom is surroun-
ded by four oxygen atoms and octahedral 
sheets in which a metal like aluminium or 
magnesium is surrounded by eight oxy-
gen atoms. The tetrahedral (T) and octa-
hedral (O) sheets are fused together by 
sharing the oxygen atoms. Unshared oxy-
gen atoms are present in hydroxyl form. 
Two main arrangements of tetrahedral 
and octahedral sheets fused together ma-
ke the one layer structure of clay.

 ■ One tetrahedral fused to one octahe-
dral (1:1) is known as kaolin group 
with the general composition of 
Al

2
Si

2
O

5
(OH)

5
 (Figure 1A). 

 ■ One octahedral sheet sandwiched 
between two tetrahedral sheets (2:1) 
phyllosilicates (Figure 1B).  

The most commonly used layered silicates 
for the preparation of polymer/layered 
silicate nanocomposites belong to the fa-
mily of 2:1 phyllosilicates, in particular 
montmorillonite (MMT) which has a high 
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surface area (˜ 800m2/g) and a high aspect 
ratio (˜ 100–200), both of which contribu-
te to efficient reinforcing potential. The 
gallery surfaces are commonly treated 
with cationic surfactants to tailor the in-
terfaces for compatibility with the poly-
mer matrix. Polarity matching should be 
observed, so that a nonpolar ammonium 
cation, substituted for example with hyd-
rogenated tallow, is preferred for nonpolar 
rubbers, such as EP, EPDM, BR, isoprene, IR 
and even SBR or NR, while a more polar 
hydroxyethyl substituent is better suited 
to polar rubbers like NBR and BIIR [4].

 Other clay materials such as 1:1 
structures, 2:1 pyrophillits and mica are 
not commonly used in polymer nano-
composites because they have not useful 
intercalation/exfoliation characteristics 
or they are not easily separated into lay-
ers. Due to the higher charge density on 
the layers they are strongly stacked to-
gether and the hydration of inter layer 
cations or intercalation of polymer 
chains between layers are difficult or not 
possible.

Organoclays 
Surface treatment of clays has been 
known since many decades ago [6]. When 
an amine salt or a quaternary ammonium 
salt is added to a clay–water suspension, 
the corresponding organic cations replace 
the inorganic ones (e.g., Na+, K+) originally 
present on the clay surfaces. Because of 
this exchangeable adsorption, the amino 
groups are tethered on the clay surface 
while the hydrocarbon tail is positioned in 
the gallery space, displacing the previous-
ly adsorbed water molecules (cf. Figure 2.). 
In this way, the clay becomes compatible 
with organic molecules and thus is ter-
med organophilic. 

Organoclay structures and modeling
The replacement of inorganic exchange 
cations by organic onium ions on the 
gallery surfaces of smectite clays not 
only serves to match the clay surface 
polarity with the polarity of the polymer, 
but it also expands the clay galleries. This 
facilitates the penetration of the gallery 
space (intercalation) by either the poly-
mer precursors or preformed polymer. 
Depending on the charge density of clay 
and the onium ion surfactant, different 
arrangements of the onium ions are pos-
sible. In general, the longer the surfac-
tant chain length, and the higher the 
charge density of the clay, the further 
apart the clay layers will be forced. This is 
expected since both of these parameters 

contribute to increasing the volume oc-
cupied by the intragallery surfactant.

Depending on the charge density of 
the clay, the onium ions may lie parallel to 
the clay surface as a monolayer, a lateral 
bilayer, a pseudo-trimolecular layer, or an 
inclined paraffin structure as illustrated in 
Figure 3. At very high charge densities, 
large surfactant ions can adopt lipid bilay-
er orientations in the clay galleries [7].

Synthesis of organoclays
The synthesis of organoclays can be 
achieved through a cation exchange pro-
cess by the replacement of sodium and 
calcium cations present in the inter layer 
space or clay galleries by alkylammoni-
um or alkylphosphonium (onium) ca-

tions [8]. In addition to the surface modi-
fication and increasing the hydrophobici-
ty of clay layers, the insertion of alkylam-
monium or alkylphosphonium cations 
into the +galleries causes to some degree 
of increasing in the inter layer spacing, 
which promotes the following intercala-
tion of polymer chains into the galleries 
during nanocomposite preparation [9].

Also the alkylammonium or alkyl-
phosphonium cations can provide func-
tional groups, which interact with poly-
mer chains or initiate the polymerization 
and therefore increase the interfacial in-
teractions. Figure 4 schematically shows 
the organically modification of clay lay-
ers using alkylammonium cations via the 
ion exchange process.

Fig. 1: Schematic representation of the structure (A) type 1:1 clay (Kaolinite) and (B) type 
2:1 clay (Montmorillonite) [5].

1

Fig. 2: Scheme of: 
(a) clay and (b) 
modified clay (i.e., 
organoclay). Note 
that R can be re-
placed by any 
chemical unit.

2

B

Silicate layer

Silicate layer

Silicate layer

b) Organoclay

a) Clay

Silicate layer

NR
+

3

Na
+

Na
+

Na
+

Na
+

d (001)

d (001)

NR
+

3

NR
+

3NR
+

3

–

–

–

–

–

–

–

–

A



 ELASTOMERE UND KUNSTSTOFFE 
 ELASTOMERS AND PLASTICS 

24 KGK ·  06   2016 www.kgk-rubberpoint.de

The organoclays are generally prepa-
red in solutions by cation exchange reac-
tion or by solid-state reaction.

Cation exchange reaction
Cation exchange has been used for five 
decades (Beall and Goss) [10]. The tech-
nique consists in exchange interlayer ca-
tions of the clay mineral by quaternary 
alkylammonium cations in aqueous so-
lution. In some cases other kinds of orga-
nic compounds have been used. 

Yunfei Xi et al. [11] studied the ther-
mal decomposition of montmorillonite 
modified with octadecyltrimethylammo-
nium bromide and found that thermal 
decomposition occurs in 4 steps. The first 
step of mass loss is observed from ambi-
ent to 100 °C temperature range and is 
attributed to dehydration of adsorbed 
water. The second step of mass loss oc-
curs between 87.9 to 135.5 °C tempera-
ture ranges and is also attributed to de-
hydration of water hydrating metal ca-
tions such as Na+. The third mass loss 
occurs between 179.0 and 384.5 °C; it is 
assigned to the loss of surfactant. The 

fourth step is ascribed to the loss of OH 
units due to dehydroxylation of the 
montmorillonite and takes place bet-
ween 556.0 and 636.3 °C temperature 
range. These TGA steps are related to the 
arrangement of the surfactant molecu-
les intercalating the montmorillonite.

Daimei Chen et al. [12] modified 
montmorillonite (MMT) by incorporating 
cationic surfactants cetyl trimethyl am-
monium bromide (CTMAB), anionic sur-
factants sodium stearate (SSTA) and their 
mixture to montmorillonite and charac-
terized the modified samples by X-ray 
diffraction (XRD), Fourier transform inf-
rared (FT-IR) spectroscopy and Thermo-
gravimetry–differential thermal analysis 
(TG–DTA). XRD result shows that both 
the anionic and cationic surfactants can 
be intercalated into the MMT, making 
the interlayer spaces of MMT expand. 
TG–DTA studies indicate the organic car-
bon contents of anion–cationic surfac-
tants modified MMT are higher than the 
montmorillonite modified by anionic or 
cationic surfactants solely. The adsorpti-
on experiments indicate that 

CTMAB/10SSTA–MMT had the largest 
adsorption capacity compared with 
CTMAB–MMT and 10SSTA–MMT due to 
the formation of a highly effective parti-
tion medium by anion–cationic surfac-
tant micelle. 

Solid-state reaction
Organic molecules can be intercalated in 
dried clay minerals by solid-state reac-
tion without the use of solvents. The ab-
sence of solvents in proceeding the pre-
paration is environmentally good and 
makes the process more suitable for in-
dustrialization. The intercalation of neut-
ral compounds into dried montmorilloni-
te and vermiculites for example, is not 
necessarily accompanied by cation mo-
vement midway between the silicate lay-
ers (outer-surface complexes). The ca-
tions can remain in contact with one sili-
cate layer, i.e. the oxygen atoms of the 
silicate surface occupy the coordination 
sites of the cations [13].

Yoshimoto et al. [14] also used solid-
state reactions through a mechano-
chemical process to intercalate aniline 
salts with different counter ions in mont-
morillonite. Many solid-state reactions 
are based on the ion–dipole interaction. 
In the ion–dipole interaction organic mo-
lecules with polar groups are attached to 
the interlayer cations. The negative parts 
of the molecules interact with cations on 
the surface and water molecules are dis-
placed from the interlayer cations 

Organic compounds used to prepare 
organoclays
The inorganic ions in the clay can be effec-
tively replaced with organic cationic sur-
factant molecules through cation ex-
change reactions. This result in the expan-
sion of the interlayer spacing, which leads 
to an increase in the basal spacing [15]. 

Quaternary alkylammonium salts
The quaternary alkylammonium salts 
are cationic surfactants and the most 
used organic compounds to prepare or-
ganoclays. They are synthesized by com-
plete alkylation of ammonia or amines.

For practical and industrial uses, qua-
ternary alkylammonium ions are prefer-
red to primary alkylammonium ions be-
cause hydrolysis (alkylammonium/alkyl-
amine equilibrium) is absent, and de-
sorption of free alkylamine is strongly 
reduced. A further advantage is that the 
large amount of organic material (30–
40%) reduces the density of the dis-
persed particles [16].

1  Classification of clays as a function of the electrical charge of the layer

Type of layers Type of clay Main features

neutral layers pyrophyllite, talc, kaolinite neutral clay layers joined together by 
van der Waals interactions and/or 
hydrogen bonds

negatively 
charged
layers

phyllosilicates: e.g. bentonites 
(main component: 
montmorillonite)

cationic clays the negative layer charge 
is exactly compensated by 
compensating cations are located 
in the interlayer space.

positively 
charged
layers

hydrotalcite (HT).
layered double layered double
hydroxides
(HT-like family)

anionic clays the positive layer 
charge is exactly compensated by 
compensating anions located in the 
interlayer space

Fig. 3: Scheme of: (a) clay and (b) modified clay (i.e., organoclay). Note that R can 
be replaced by any chemical unit.
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Currently, there is a significant 
amount of research on modification of 
clay minerals with several kinds of qua-
ternary alkylammonium salts (bromides 
or chlorides) in laboratory scale. 

In case of the organoclays for polymer 
nanocomposites the kind of quaternary 
alkylammonium salt influences the affi-
nity between the clay mineral and the 
polymer. For a non polar polymer as poly-
propylene and polyethylene the clay mi-
nerals are modified with dialkyl dimethy-
lammonium halides, while for polar po-
lymers as polyamide the clay minerals 
are modified with alkyl benzyl dimethyl-
ammonium halides or alkyl hydroxyethy-
lammonium halides. 

Kozak and Domba [17] used a group of 
(alkyloxymethyl) dimethyl dodecylammo-
nium chlorides with the general formula 
[C

12
H

25
N+(CH

3
)

2
CH

2
OR]Cl−,  to modify sodi-

um montmorillonite. The basal spacings 
are typical of a monolayer structure. The 
organoclays were expected to be useful 
for removal of environment pollutants 
such as pesticides, phenol, etc., or as filler 
to produce nanocomposites.

Pankil Singla et al [18] prepared orga-
noclays with water soluble surfactants 
by the traditional cation ex-change reac-
tion and prepared and the prepared ba-
sal spacing and thermal behavior of or-
ganoclays X-ray diffraction, XRD and 
Thermogravimetric analysis, TGA respec-
tively. The organoclays prepared in this 
study can be used to prepare nanocom-
posites with polar polymers in order to 
render good level of dispersion, impro-
ved mechanical and other properties.

Renjie Ni et al [19] modified sodium 
montmorillonite by cation exchange reac-
tion using gemini surfactants, montmoril-
lonite by cetyltrimethyl ammonium bro-
mide (CTAB) is used for characterized ba-
sal spacings and thermal stability of these 
organo-montmorillonite clays using X-ray 
diffraction analysis and thermogravimet-
ric analysis. Orillonite to be proposed that 
is different from montmorillonite-CTAB. 
These organically modified montmorillo-
nites have potential utility in the prepara-
tion of polymer nanocomposites and in 
other possible applications. Therefore 
feels that the organoclays prepared in this 
study can be used to prepare nanocompo-
sites with polar polymers in order to ren-
der good level of dispersion, improved 
mechanical and other types of properties.

Rafiei and Ahmadi Ghomi [20] modi-
fied Cloisite Na+ with different cationic 
surfactants and characterized organo-
modified montmorillonite (MMT) were 

by X-ray diffraction (XRD), Fourier trans-
form infrared spectroscopy (FTIR), ther-
mal analysis (TG/DTG), field emission 
scanning electron microscopy (FE-SEM) 
and dispersibility measurements. The 
XRD patterns showed basal spacing in-
creased. FTIR and TG/DTG results showed 
a good amount of organic compounds in 
all organo-modified samples. Dispersibi-
lity measurements indicated that hydro-
philic Cloisite Na+ turned to be organo-
philic and hydrophobic, in organomodi-
fied MMTs. According to the results the 
modification was successful with the 
least harm in the Cloisite Na+ crystalline 
structure and less environmental dama-
ges. These organo modified MMTs are 
capable of removing environmental pol-
lutants from aqueous environments.

Jianxi Zhu et al [21] synthesized two 
series of organo-montmorillonites using 
surfactants with different alkyl chain 
length, characterized the organo-mont-
morillonites by X-ray diffraction and dif-
ferential thermogravimetry. These new 
findings are of high importance for syn-
thesis and application of clay-based na-
nocomposites.

Other kinds of organic compounds
Shen [22] used nonionic surfactants (Brij 
78 (C

18
H

37
(CH

2
CH

20
)

20
OH)), Polyethylene 

glycol ether (C
9
H

19
C

6
H

4
(CH

2
CH

20
)

10
OH) 

Polyethylene glycol ether 
(C

9
H

19
C

6
H

4
(CH

2
CH

20
)

20
OH) and  Dodecyl-

pyridinium choride (C
12

H
25

C
6
H

4
NH+Cl−) to 

prepare organobentonites. 

Biomolecules
Clays and clay minerals can also be modi-
fied with biomolecules, like proteins, en-
zymes, amino acids, peptides, etc., and 

offer different applications from those 
mentioned until now. Bentonite, for ex-
ample, has several advantages for use as 
a support, including its lack of toxicity, 
chemical reactivity and hydrophilicity al-
lowing easy fixation of biomolecules [23] 
(Öztürk et al.). Smectites constitute a 
naturally class of inorganic catalysts and 
have a high affinity for protein adsorpti-
on [24, 25] (Sinegani et al., Gopinath and 
Sugunan).

Rubber/Clay Nanocomposites
Rubber/clay nanocomposites have been 
of particular interest for the past few 
years due to their unique physical and 
chemical properties. It has been proved 
that the dispersion state of the clays and 
the polymer/clay interaction play a cru-
cial role in the fine tuning of the ultimate 
properties of nanocomposites. Rubber/ 
layered silicate (LS) nanocomposites ex-
hibited excellent properties due to the 
high aspect ratio of layered silicates ari-
sing from their platelet-like morphology 
(lamellar structure): 1 nm thick and 
1000s of nanometers long. In the pre-
sence of LS, rubber nanocomposites can 
form either intercalated or exfoliated 
structure or partly intercalated and exfo-
liated structure [26, 27]. In an intercala-
ted structure well defined arrangements 
of rubber chains in between the layers of 
silicates leads to the formation of multi-
layered structure with alternative rubber 
and silicate layers with increased d-spa-
cing between the silicate layers. Howe-
ver, in exfoliated structure the layers are 
highly disordered in rubber matrix. In 
principle, the morphology of rubber na-
nocomposites are in between these two 
structures, that is, with a partial interca-

Fig. 4: Scheme of the synthesis of organoclays by organic onium cations.
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lation and exfoliation. Due to the incom-
patibility between the organic (rubber) 
and inorganic (silicates) components the 
maximum properties can only be attai-
ned by the organic modification of the 
silicates. Thus the interaction between 
hydrophobic rubber and hydrophilic filler 
has been improved to get unique physi-
cal and chemical properties.

The most commonly used layered sili-
cates in rubber industry are montmorril-
lonite (MMT), hectorite, saponite and 
organically modified MMT.

Structure of rubber/
clay nanocomposites
In practice, there exist three types of 
composites based upon layered silicates 
(clays) and these are shown in Figure 5: 
conventional composites, where nons-
wollen layered silicates are embedded in 
a polymer matrix (a), intercalated (b) and 
exfoliated layered silicates (c) as nano-
composites.

The study of the interlayer distance is 
performed through XRD and TEM analy-
sis [28]. 

Preparation of rubber/
clay nanocomposites 
Rubber/clay nanocomposites are cur-
rently prepared in the following ways:

 ■ solution blending;
 ■ latex compounding;
 ■ direct intercalation of the molten po-

lymer (melt intercalation)

Solution Blending
In this method, dry rubber is dissolved in 
a suitable solvent along with the organi-
cally modified clays or mixed together 
after dissolution in suitable solvents. The 

curatives may be added before solvent 
removal [29], but they are usually com-
pounded with the intercalated material 
after partial or complete solvent removal 
[30] and then vulcanized at a specific 
temperature.

For the solution mixing the organo-
clay is dispersed in the solvent, which is a 
good solvent for the rubber at the same 
time. By stirring, followed by evaporation 
of the solvent, rubber/organoclay nano-
composites are received.

Hwang et al. [31] used a methyl ethyl 
ketone to blend the NBR with the clay 
modified with dimethyl dehydrogenated 
tallow quaternary ammonium salt. After 
evaporation of the solvent, the curing 
agents were added on a two-roll open 
mill and the compounds were vulcanized 
accordingly. The NBR/organoclay nano-
composite was mainly intercalated (at 
10 phr clay loading, where phr = parts 
per hundred parts rubber) and resulted 
in increased mechanical performance 
and decreased water and methanol per-
meability up to 85% and 42%, respec-
tively. In the solution intercalation me-
thod the curatives are usually added in 
the compound after the evaporation of 
the solvent. This occurs on an open mill 
or in an internal mixer. In contrast, addi-
tion of the curatives during the solution 
mixing can also be practiced.

Rajasekar et al. [32] prepared epoxi-
dized natural rubber and organically mo-
dified nanoclay (Cloisite 20A) composites 
(EC) by solution mixing and incorporated 
the obtained nanocomposites in nitrile 
butadiene rubber (NBR) with sulphur as 
a curing agent. The morphological study 
showed the intercalation of nanoclay in 
ENR and further incorporation of EC in 

NBR matrix leads to exfoliation of nano-
clay. Curing study demonstrated faster 
scorch time, cure time and increase in 
maximum torque for the EC incorpora-
ted NBR compounds compared to pure 
NBR. Dynamic mechanical thermal ana-
lysis showed increase in storage modulus 
and lesser damping characteristics for 
the compounds containing EC loading in 
NBR matrix. In addition, these particular 
compounds showed enhancement in 
overall mechanical properties, higher 
swelling resistance in oil and solvent and 
decrease in compression set due to high-
er reinforcing efficiency of nanoclay in 
the NBR matrix.

Magaraphan et al. [33] dissolved na-
tural rubber (NR) in toluene along with 
MMT modified with primary or quater-
nary intercalants bearing different hyd-
rocarbon alkyl tails. The curing ingre-
dients were subsequently poured into 
the mixture and after drying the mix was 
homogenized on an open mill. It was 
found that primary amines produced na-
nocomposites of better mechanical per-
formance than quaternary amine inter-
calants.

Sadhu and Bhowmick prepared a se-
ries of nanocomposites by mixing NBR 
(with varying acrylonitrile contents of 19, 
34, and 50%), SBR (23% styrene content) 
and polybutadiene rubber (BR) with Na-
MMT and ODA-MMT [34]. The mechani-
cal properties of the rubber/clay nano-
composites were correlated with TEM 
and XRD. In all the cases, the nanocom-
posites showed improved mechanical 
properties and the extent of the increase 
in strength varied from 38 to 166% de-
pending on the nature of the base rubber 
and its polarity. 

Magaraphan et al. showed that MMT 
clays modified with long primary amines 
showed much more improved mechanical 
properties than the quaternary amines 
(having the same carbon numbers) in a 
NR matrix [35]. This was explained by the 
XRD data, which showed a greater degree 
of basal spacing expansion for the long 
chain primary amines compared with the 
quaternary ammonium salts. The length 
of the hydrocarbon in the alkylamines 
had no effect on the cure time whereas 
the nanocomposites prepared with long 
quaternary amine showed comparatively 
faster cure time. They also reported that a 
small loading of 7 wt% modified clay was 
good enough to achieve mechanical pro-
perties exhibited by high structure silica 
(Hi-Sil 927) filled and carbon black (N110) 
filled NR vulcanizates.

Fig. 5: Structures 
of polymer (rub-
ber) / clay nano-
composites.
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Lopez-Manchado et al. investigated 
the physical and mechanical properties 
of nanocomposites based on NR and or-
ganophilic layered silicates (ODA modi-
fied saponite) by both solution and me-
chanical mixing methods [36]. The orga-
noclays were swelled with an elastomer 
solution before compounding to improve 
the exfoliation and compatibilization of 
the organoclays with the rubber matrix. 
The effect of addition of Si69 [bis-(3-
thioethoxysilylpropyl) - tetrasulfide], a 
coupling agent added during swelling of 
the organoclays on the behavior of the 
composites was also investigated. XRD 
patterns revealed intercalation and/or 
exfoliation of the silicate platelets in the 
matrix by both the methods. But, the 
compatibility between the filler and the 
rubber was improved most by the soluti-
on mixing method as evidenced by the 
bound rubber measurements which 
showed the following increasing trend: 
NR < NRorganoclay (mechanical mixing) 
<NR-organoclay (solution mixing) < NR-
organoclay-Si69 (solution mixing).

Latex Compounding
Most of the rubbers are available in the 
form of latex, which is nothing but an 
aqueous dispersion of rubber particles in 
the submicron–micron range (the partic-
le size distribution depending on the 
manufacturing conditions).

The layered silicates are easily dis-
persed in water as water acts as a swel-
ling agent owing to the hydration of the 
intergallery cations usually Na+ or K+. The 
water swelling capability of the natural 
clays are not the same but depend upon 
the type of clay and its cation exchange 
capacity [37] and hence the mixing of 
the latex with the layered silicates (ha-
ving high cation exchange capacity) fol-
lowed by coprecipitation (coagulation) is 
a promising route for producing rubber 
nanocomposites [38]. Several options are 
available to add and disperse the silica-
tes in the latex like dispersing the silica-
tes directly in the latex, by using a silica-
te slurry, restabilization of the layered si-
licate containing latex prior to appropria-
te comminution operations like ball 
milling, etc. A scheme for blending a 
pristine clay with a rubber latex is shown 
in Figure 6.

Rectorite/SBR nanocomposites were 
prepared by cocoagulating SBR latex and 
rectorite/water suspension by Wang et 
al. [39]. Rectorite, which is also a layered 
silicate, is different from MMT. While 
MMT is a 2:1 phyllosilicate, rectorite has 

a 1:1 type of layer structure arranged re-
gularly with an alternating dioctahedral 
mica layer and dioctahedral smectite lay-
er. TEM studies revealed that the aspect 
ratio (width/thickness) of the rectorite 
layers was higher than that of MMT in 
the nanocomposites. XRD indicated that 
the rectorite/SBR nanocomposites were 
neither of the intercalated type nor of 
the exfoliated type. At equivalent filler 
loading (20 phr), the rectorite/SBR nano-
composites exhibited better mechanical 
properties than SBR filled with N330 or 
calcium carbonate. Also, the gas barrier 
property of rectorite/SBR nanocomposi-
tes was excellent and higher than that of 
N330/SBR composite because of the hig-
her aspect ratio of dispersed unit. Butyl 
rubber (IIR) and halogenated butyl rub-
bers are mainly used in inner tube and 
liner applications of tires. But both are 
difficult to process and hard to cocross-
link with NR, SBR, and BR, which are used 
in the tire body sections, due to the diffe-
rence in unsaturation. Rectorite/SBR na-
nocomposites due to their excellent me-
chanical and gas barrier properties are 
expected to be good candidates for tire 
tube and inner liner applications.

Zhang et al. investigated the flamma-
bility of MMT/ SBR nanocomposites pre-
pared by the technique of cocoagulating 
rubber latex and clay aqueous dispersion 
[40]. Cone calorimeter results showed 
that the maximum heat release rate 
(HRR) of SBR decreased from 1987 to 
1442 kW/m2 with the introduction of 
20 phr nanoclay. The excellent gas barrier 
property of the nanocomposite was res-
ponsible for the changes in the mass and 
heat transfer reactions leading to a reduc-
tion in flame propagation. Even though 
the HRR of the nanocomposite decreased, 
the oxygen index (OI) showed negligible 
change compared with neat SBR. A com-
bination of magnesium hydroxide and 
clay were essential for improving both the 
mechanical and OI properties.

Mahdi Abdollahi et al. [41] prepared 
natural rubber (NR)/sodium-montmoril-
lonite (Na-MMT) nanocomposites by co-
coagulating the mixture of NR latex and 
various amounts of Na- MMT aqueous 

suspension and  characterized the struc-
ture of nanocomposites by Tapping mo-
de AFM (for the first time in the present 
case), TEM and XRD.  Results showed that 
at the low loading of layered silicates, 
fully exfoliated structure could be achie-
ved by this method. Both non-exfoliated 
(stacked layers) and exfoliated structures 
were observed in the nanocomposites, 
when the amount of Na MMT increased 
to 10 phr. The mechanical results on the 
vulcanized nanocomposites showed that 
nanocomposites present initial moduli 
and tensile strength greater than Na-
MMT free NR compound. Furthermore, 
initial moduli increased with increasing 
the Na-MMT loading, indicating the rein-
forcement effect of Na-MMT on the me-
chanical properties of nanocomposites. 
The nanocomposites exhibit a higher 
glass transition temperature and lower 
tangent peak value in comparison with 
Na-MMT-free NR compound. TGA results 
indicated an improvement in the main 
and end decomposition temperature but 
there is no effect on the suppression of 
the initial decomposition temperature.

A series of kaolinite SBR nanocompo-
sites are prepared by blending the latex 
styrene-butadiene rubber and four diffe-
rent particle sized kaolinites. Their ther-
mal stabilities are characterized by a 
range of techniques including TG, digital 
photos, SEM and Raman spectroscopy. 
The thermal stability of kaolinite SBR 
nanocomposites are remarkably impro-
ved compared to that of the pure SBR. 
With the increase of kaolinite particles, 
the average activation energy of kaolini-
te SBR nanocomposite decreases gradu-
ally. SBR nanocomposite is significantly 
reduced due to the decrease of the char 
and crystalline carbon content in pyroly-
sis residues, the increase of agglomerati-
on of kaolinite particles and the decrease 
of the compactness of the char layer [42]. 

Melt Intercalation
From an industrial standpoint, direct or 
melt intercalation is the most direct, 
most cost effective, and environment 
friendly (as no organic solvents are invol-
ved) method to synthesize layered silica-

Fig. 6: Emulsion blending of pristine clay with rubber latex
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te/rubber nanocomposites since existing 
compounding lines of high output can be 
used. Direct melt intercalation of poly-
mers in organosilicates is primarily dri-
ven by enthalpic polymer-host interac-
tions whereas the driving force for poly-
mer intercalations, from solution is the 
entropy gained by desorption of small 
molecules from the host galleries [43]. 
The role of the alkyl ammonium cations 
in organosilicates is to lower the host’s 
surface energy and thereby improve the 
wetting-out by the polymers.

Sulfur-cured ENR recipes containing 
layered silicates produced by melt com-
pounding were studied by Varghese et al. 
[44]. Sodium bentonite, sodium fluoro-
hectorite (layered silicate of synthetic 
origin), MMT intercalated with ODA 
(MMT-ODA), and MMT intercalated with 
methyltallow- bis-2-hydroxyethyl qua-
ternary ammonium salt (MMT-MTH) 
were used as the reinforcing agents in 
10 phr dose in the ENR matrix. Fastest 
curing and best mechanical properties 
were found for the ENR containing MMT-
ODA. The MMT-ODA organoclay was 
partly exfoliated, partly intercalated and 
partly confined. The reduction of the in-
terlayer distance was argued due to a 
zinc sulfur- amine complex formation. 

Teh et al. compounded octadecyltri-
methylamine modified MMT with NR in 
an internal mixer and for curing used a 
conventional vulcanization (CV) system 
[45]. 10 phr ENR50 was used as a compa-
tibilizer in this study. For comparison 
purposes, two commercial fillers: carbon 
black (N330) and precipitated silica (Vul-
casil S) were also used in this study. Filler 
loadings of 50 phr carbon black, 30 phr 
silica, and 2 phr organoclay were used by 
Teh et al. Even though the organoclay 
had the smallest particle size compared 
with the other fillers, the organoclay 
filled vulcanizates showed the lowest 
values of rheometric torque maximum 
and torque minimum. Further, the scorch 
and cure times were also lowest for the 
organoclay/NR system. The kinetics of 
cure reaction showed that the organo-
clay was not just filler but also behaved 
as a cocuring agent. The improvements 
of tensile strength, elongation at break 
and tear properties in organoclay filled 
vulcanizate were significantly higher 
compared with carbon black and silica 
filled vulcanizates. SEM micrographs did 
not reveal any significant difference in 
the morphological appearance between 
the organoclay filled vulcanizate compa-
red with the silica and carbon black filled 

vulcanizates. However, the larger specific 
surface area and smaller particle size of 
the organoclay was believed to provide 
better rubber-filler interaction resulting 
in better mechanical properties than the 
conventional fillers. Further evidence of 
the rubberfiller interaction was obtained 
from the relaxation behavior of the filled 
vulcanizates from dynamic mechanical 
analysis (DMA). 

Varghese and Karger-Kocsis produced 
composites based on sulfur-cured NR 
containing organophilic and pristine lay-
ered silicates of natural and synthetic 
origin by melt compounding using a la-
boratory two-roll mill operated at a fric-
tion ratio of 1:1.25 [46]. Sodium bentoni-
te (pristine natural clay), sodium fluoro-
hectorite, MMT intercalated with ODA 
(MMT-ODA), and MMT intercalated with 
methyl-tallow-bis-2-hydroxyethyl qua-
ternary ammonium salt (MMT-MTH) 
were used as the reinforcing agents in 
10 phr dose in the NR matrix. For compa-
rative purposes, amorphous precipitated 
silica (Ultrasil VN2 GR of Degussa, Ger-
many) reinforced NR compound was also 
prepared. The curing, thermomechanical 
and mechanical properties of the mixes 
were studied. The organophilic clays ac-
celerated the sulfur curing of NR, which 
was believed to occur because of a com-
plexation reaction in which the amine 
groups of the clay intercalants participa-
ted. The property improvements due to 
the fillers were ranked as follows: orga-
nophilic clays > sodium fluorohectorite > 
sodium bentonite > precipitated silica. 
This trend was explained on the basis of 
partial intercalation of the organophilic 
clay by NR and to the high aspect ratio of 
the fluorohectorite. Therefore, the addi-
tion of organoclays resulted in better 
mechanical performance and faster cu-
ring than that achieved by pristine laye-
red silicates and amorphous silica.

Teh et al. Studied, onium ion-modified 
MMT (organoclay) at 2-10 phr loading 
was melt compounded with NR in an in-
ternal mixer and cured using a CV system 
[47]. Both scorch time and cure time was 
reduced with the incorporation of the 
organoclay. The increment in maximum 
torque, minimum torque, and torque 
difference increase with increasing filler 
content indicated the enhancement of 
stiffness of the nanocomposite. Addition 
of 10 phr ENR50 as compatibilizer in the 
organoclay/NR nanocomposites not only 
resulted in faster curing, but also signifi-
cant improvement of mechanical proper-
ties such as tensile strength, elongation 

at break, modulus, and tear strength. 
This was attributed to the better disper-
sion of the MMT in the nanocomposite 
as observed from TEM.

The tensile strength, elongation at 
break, and tear properties went through a 
maximum (at ˜2 phr) as a function of the 
organoclay loading. Hardness, modulus at 
100% elongation, and modulus at 300% 
elongation increased with increasing or-
ganoclay loading, while the compression 
set decreased with increasing organoclay 
content. Improvement in compression set 
is of great significance for dynamic appli-
cations, as for example tires.

Tavakoli M. et al. [48] prepared Nano-
composite vulcanizates based on styrene-
butadiene rubber (SBR), organoclay and a 
conventional sulfur curing system by melt 
blending process in an internal mixer. In 
order to study the effects of the type of 
interfacial compatibilizer on the proper-
ties of SBR and clay nanoparticles, three 
types of compatibilizers, maleic anhydride 
grafted ethylene-propylene diene rubber 
(EPDM-g-MAH), acrylonitrile-butadiene 
rubber (NBR) and epoxidized natural rub-
ber (ENR50) have been used.

Nanocomposite materials consisting 
of rubber and natural montmorillonite 
clay (MMT) were prepared by Yehia et al. 
[49], a cation exchange process of Na+ 
ions of MMT and ammonium cations of 
amineterminated butadiene acrylonitrile 
rubber. The SEM and TEM data show that 
the clay layers are organized as nano-
sized clusters and the d-spacing is much 
increased. The prepared rubber-MMT 
material was dispersed as uniformly as 
possible in NR, SBR and NBR matrices as 
reinforcing agent in the concentration up 
to 12 phr (10 %). The compounded rubber 
was vulcanized by S / CBS system. The 
physico mechanical properties of the 
rubber vulcanizates were determined. It 
was found that the characteristics of na-
tural and synthetic rubber vulcanizates 
containing 4 phr Rubber- MMT nanocom-
posites are equivalent to 40 phr of car-
bon black (HAF).

Yehia et al. [50] prepared nanoclays 
based on sodium montmorillonite (ben-
tonite) and some organic amines of vary-
ing chain lengths (dodecylamine, hexa-
decylamine and octadecylamine) beside 
amine-terminated butadiene–acrylonit-
rile copolymer (ATBN). The hybrid clays 
have been characterized with the help of 
Fourier Transform Infrared spectroscopy 
(FTIR). Transmission electron microscopy 
(TEM), Scanning electron microscopy 
(SEM), Wide angle X-ray diffractions 
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(WXRD), and Thermogravimetric analysis 
(TGA). X-ray results showed that the in-
tergallery distance of the clay is increa-
sed as a result of the intercalation of the 
amines and ATBN. The nanocomposite 
clays were incorporated in natural and 
synthetic rubbers (NR, SBR and NBR). The 
physico-mechanical properties are grea-
tly improved with loading low concentra-
tions of the nanocomposite clays compa-
red with carbon black. 

Y-L. Lu et al. [51] prepared Brominated 
isobutyl-isoprene rubber/clay nanocom-
posite (BIIRCN) and ethylene-propylene-
diene-monomer rubber/clay nanocom-
posite (EPDMCN) by melt blending and 
evaluated the micro-structural of these 
two kinds of rubber/clay nanocomposi-
tes (RCNs) with vulcanization process 
was investigated using wide-angle X-ray 
diffraction (WAXD) and transmission 
electron microscope (TEM).

Sadek and El-Nashar [52] prepared 
Nitrile butadiene rubber (NBR)-nanoclay 
composites, synthesized maleic acid an-
hydride-treated organoclay (MOC) as a 
compatibilizer and studied the influence 
of the MOC content (i.e. 1, 3, 5, 10, 20 
phr) relative to the micrometer clay (i.e. 
10, 20 phr) on the NBR compounds rheo-
metric and swelling characteristics.

Vijayalekshmi and Abdul Majeed [53] 
prepared EPDM/Silicone rubber nano-
composites by incorporating various phr 
of organically modified montmorillonite 
(OMMT) nanoclay onto EPDM/Silicone 
rubber blends using two roll mill and in-
vestigated the effect of OMMT content 
on mechanical, electrical, thermal pro-
perties and surface resistivity of the na-
nocomposites. The results obtained for 
various properties indicate that the EP-
DM/Silicone rubber nanocomposites ha-
ve improved mechanical, thermal and 
dielectric properties.

Khalaf and Hegazy [54] synthesized 
two cationic surfactants (N-isopropyl-N, 
N-dimethyldodecan-1-aminium bromide 
(S1) and N-isopropyl-N, N-dimethylhexa-
decan-1-aminium bromide (S2) and pre-
pared organobentonites / styrene-buta-
diene rubber composites. It was found 
that the optimum cure time and scorch 
of SBR/organonentonite were reduced 
than those of SBR/bentonite, which con-
cludes that organobentonites behave as 
an effective accelerant agent for SBR 
vulcanization. Also, organobentonites in-
crease the tensile strength, modulus at 
100% elongation and hardness values, 
but the elongation at break is not affec-
ted. Properties of nitrile-butadiene rub-

ber-organoclay nanocomposites by reac-
tive mixing intercalation method.

Rane and Abitha prepared Blends of 
EPDM /PP/ nanoclay by melt blending 
process. The compatibility between na-
noclays and EPDM/Polypropylene blends 
was improved by the addition of maleic 
anhydride as a comapatibilizer. Existence 
of comapatibilizer induced even more 
intercalation of nanoclays. Increases in 
compatibilizer concentration significant-
ly improved tensile strength, modulus, 
tear strength and hardness of ternary 
nanocomposites upto a certain extent. 
DMA study shows that tan σ that is loss 
factor is maximum at low temperature 
and decreases with increasing compati-
bilizer concentration, indicating less 
damping characteristics. Thermo gravi-
metric analysis (TGA) studies revealed 
that thermal stability of gum vulcaniza-
tes are improved in the presence of com-
patibilizer. XRD analysis shows clay galle-
ry separation or d-spacing calculated 
from Bragg’s law increases first with 2, 4 
& 6 phr nanoclay, thereafter remains 
unchanged indicating that Ternary nano-
composites form intercalated and exfoli-
ated structures. TEM study shows the 
presence of nanoclay aggregates and 
exfoliated structures with the little inter-
calation of nanoclay layers in the Ternary 
nanoclay composites. Gas impermeabili-
ty of EPDM/Polypropylene/nanoclay Ter-
nary nanocomposites increases with in-
crease in nanoclay concentration upto 10 
phr of nanoclay [55].

Uraiwan Sookyung et al. modified So-
dium-montmorillonite (Na-MMT) nano-
clay with four different modifying 
agents, differing in alkyl chain lengths 
andcompounded with natural rubber 
(NR) via melt mixing and compounded. 
The longer alkyl chain lengths were more 
effective in intercalating and expanding 
the interlayer spacing of clay. Furthermo-
re, the modification of organoclay acce-
lerated the vulcanization reaction of NR, 
so that the rubber vulcanizates had an 
increased degree of crosslinking. The me-
chanical properties of NR were enhanced 
by the organoclay filling, and larger orga-
noclays interlayer spacing increased the 
enhancement. This is due to increasing 
in the crosslinking density of nanocom-
posites and better dispersion of organo-
clay in the rubber matrix. A new tech-
nique, temperature scanning stress rela-
xation (TSSR), was used to characterize 
thermal-mechanical behavior of the 
composites. The initial stress correlated 
well with the mechanical properties of 

nanocomposites. In addition, stress rela-
xation was observed at the melting tem-
perature of the agent used to modify the 
organoclay. The organoclays also enhan-
ced the thermal stability, shifting the 
stress relaxation peaks to higher tempe-
ratures [56].

Properties of Rubber/
Clay Nanocomposites   

Crosslinking
As the processing of thermoset rubbers 
inevitably involves vulcanization, the ef-
fects of organoclay on the rate of cure as 
well as the ultimate density of the cross-
linked network must be taken into ac-
count. It is now known that the presence 
of ammonium ions on the gallery sur-
faces has an accelerating effect upon 
sulfur vulcanization [57].
Thus, cure time is reduced, and the shear 
modulus at cure temperature is also re-
duced by the presence of the organoclay, 
indicating a looser crosslink network. In-
terestingly, the scorch time is slightly 
lengthened.

The accelerating action of the organo-
clay on rubber curing has been detected 
for various stocks [58-62]. Using octade-
cylamine (ODA) itself, the induction peri-
od, scorch time and optimum curing 
time were decreased in NR mixes [60]. 
The vulcanization rate was further incre-
ased when an ODA-modified clay was 
introduced in the same NR rubber recipe. 
This involves a reduction in the activati-
on energy of the vulcanization. This fin-
ding underlines that the initial interca-
lant of the clay may have a strong effect 
on the vulcanization of rubber.

Several works have demonstrated the 
effect of the nanoclays on the vulcaniza-
tion process. In particular, while the un-
modified clays induce cure retardation 
due to absorption of curative by clay, the 
organoclays show an acceleration action 
on rubber curing [63]. It was suggested 
that the tethered primary amine of the 
organoclay leaves the clay surface in or-
der to participate in the formation of a 
zinc e zinc-containing intermediate com-
plex (vulcanization intermediate) having 
catalytic activity for curing (Figure 7)

Mechanical Performance
One of the main advantages of rubber/
organoclay nanocomposites is the en-
hancement in the mechanical properties 
of the rubber matrix at a relatively low 
inorganic filler content. Thus, layered sili-
cate can be considered as a potential 
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substitute of carbon black and silica, 
which have to be mixed at high concent-
rations in order to reach the same perfor-
mance [50]. Moreover, it has been shown 
that the organoclay supports the com-
pound to maintain its outstanding me-
chanical performance also after exposu-
re to various chemical and thermal envi-
ronments [65].

A good dispersion of silicate layers 
and a high rubber/clay interphase quali-
ty are usually associated with increased 
tensile strength, increased hardness and 
enhanced tear resistance [66-70].

Lo´pez-Manchado et al. [71] highligh-
ted the basic difference in the rubber/
filler interaction between carbon black 
and layered silicates. Carbon black forms 
covalent bonds with the elastomer which 
is restricted to a given rather small inter-
phase. In contrast, organoclays are physi-
cally adsorbed within the rubber chains 
in a thick interphase. Due to the high 
aspect ratio of the clays their optimum-
dispersion is reached at a smaller amount 
than by carbon black.

Styrene butadiene rubber-organoclay 
nanocomposites were prepared with 
Cloisite 15A via melt intercalation. X-ray 
diffraction and transmission electronmi-
croscopy indicated that the nanostructu-
res are partially exfoliated and intercala-
ted. The nanocomposites exhibited great 
improvements in tensile strength and 
tensile modulus. The incorporation of 
organoclay gave rise to considerable re-
duction of tan delta and increase in sto-

rage modulus in the rubbery region. It is 
shown that after 6 phr clay loading there 
is not much increase in the properties. 
The effect of carbon black (N330) on me-
chanical properties, dynamic mechanical 
properties, heat build up, abrasion resis-
tance in the nanocomposites having the 
optimized clay level (6 phr) was investi-
gated. Optimum results were obtained 
with the addition of 25 phr carbon black. 
For comparison with the 6phr nanoclay 
and 25phr N330 (high abrasion furnace 
carbon black) filled SBR composites, 40 
phr N330 filled SBR composites was 
used. The 6phr organoclay and 25phr 
N330 filled SBR nanocomposite showed 
better properties than 40phr carbon 
filled SBR compound. These results indi-
cate that 6phr organoclay can be repla-
ced by 15 phr carbon black from the 
conventional SBR-carbon black based tire 
tread compounds. The Dynamic mecha-
nical analyzer (DMA) results revealed 
that the new tire tread compound gives 
better rolling resistance and comparable 
wet grip resistance and lower heat build 
up than that of conventional tread com-
pound [72].

Zhang et al. has studied the mechani-
cal properties of SBR/ clay nanocomposi-
tes and compared the properties with 
the conventional composites. They ob-
served that tensile strength, tear 
strength, air impermeability and proces-
sing properties of SBR/clay nanocompo-
sites were superior to that of conventio-
nal SBR composites [73].

Barrier Properties
Several studies demonstrated that nano-
clays highly improve barrier properties 
of nanocomposite films. This behaviour 
is due by creating a “tortuous path” 
(Figure 8) that retards the progress of the 
gas molecules through the matrix.

Hwang et al. [74] presented for NBR/
organoclay nanocomposites (in 10 phr 
organoclay) that the relative vapor per-
meability for water and methanol was 
reduced up to 85% and 42%, respectively, 
compared to the neat matrix

Kim et al. [75] showed for the same 
type of rubber that water vapor permea-
bilitydecreases not only with the organo-
clay content but also with the amount of 
silane coupling agent used. The latter ef-
fect was attributed to the enhanced sili-
cate dispersion owing to the increased 
chain interactions between the silane 
and the rubber molecules.

The effect of interphase quality on the 
barrier properties of rubber/layered sili-
cate nanocomposites was investigated 
using HNBR as matrix [76]. 

The role of the aspect ratio of the lay-
ered silicate platelets on the barrier pro-
perties of hydrogenated nitrile rubber 
(HNBR)/ layered silicate nanocomposites 
was investigated by Gatos et al. [77]. To 
examine this effect, two kinds of clays 
with different aspect ratio bearing howe-
ver the same type of intercalant were 
used. The results showed that with orga-
no-fluorohectorite lower oxygen perme-
ation values, both in dry and wet condi-
tions, were obtained. This can be traced 
to highest aspect ratio, compared to or-
ganomontmorillonite, and thus to a mo-
re extended tortuous path.

Fire Resistance
The dispersion of the inorganic filler in 
the rubber matrix can improve the fire 
resistance of the vulcanizate. This is due 
to a delay in thermal-oxidative degrada-
tion and a decrease in the heat release 
rate.

 Kang et al. [78] reported that EPDM/
organoclay nanocomposites may have 
increased thermal stability, based on 
thermogravimetric analysis (TGA). How-
ever, this was not accompanied with im-
proved flame retardance ( just the oppo-
site was observed).

In general, the build-up char on the 
surface of the vulcanizate should shield 
the underlying rubber and slow down 
the decomposition rate. The reduction in 
the heat release rate, measured in a cone 
calorimeter, was attributed to a reduc-

Fig. 7: Scheme 
of the interac-
tion between 
the sulfur 
within the sili-
cate gallery 
[64].
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Fig. 8: Formation of “tortuous path” in exfoliated nanocomposites.
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tion in the gas permeability owing to the 
clay layering.

The flammability of montmorillonite/
styrene-butadiene rubber (SBR) nano-
composites, prepared by the technique 
of cocoagulating rubber latex and clay 
aqueous suspension, was investigated by 
Zhang et al. [40].

Others
The enhanced performance of rubber/
clay nanocomposites involves also pro-
perties of great relevance which, howe-
ver, have received less attention over the 
past years. The wear behavior of this new 
class of nanocomposites seems to be a 
promising topic. The friction and sliding 
wear performance have shown that in-
corporation of layered silicates in rubber 
may improve or deteriorate the wear be-
havior of the related vulcanizates [78-
81].

The final outcome depends on those 
parameters, which affect the abrasive, 
fatigue and adhesive wear components 
[79, 81], and similar to “traditionally” 
filled rubbers. The dispersion and espe-
cially the orientation of the silicate plate-
lets in the rubber matrix are crucial.

Conclusion

Nanotechnology is a future manufactu-
ring technology that will make most 
products lighter, stronger, cleaner, less 
expensive and more precise.

Organoclays receive great interest for 
applications based on their capacity for 
selective adsorption of molecules. Thus, 
they have been used for application in 
chromatography separations, to remove 
organic pollutants from air and water, 
and to develop improved formulation for 
pesticides, as chemical sensor and mole-
cular sieves, and so on. Among other 
properties applications based on special 
structural, gas barrier, anti-flammability 
or others can be mentioned. Interesting 
photochemical behavior may also arise 
from the specific structure of those na-
nocomposites. Depending on the layer 
structure and specific properties, such as 
high-specific surface area, ion exchange 
capacity or hydration property, clay mi-
nerals are widely used in pharmaceuti-
cals, and as adsorbents, catalysts or cata-
lyst supports, ion exchangers and decolo-
rizing agents.

Development of hybrid nanocomposi-
tes is one of the latest evolutionary steps 
in polymer technology. Nanocomposites 
offer attractive potential for diversifica-
tion and application of conventional po-

lymeric materials. Since the possibility of 
direct melt intercalation was first de-
monstrated by Giannelis and co-workers 
the melt intercalation method has be-
come a main stream of the preparation 
of intercalated polymer nanocomposites 
without in situ intercalative polymeriza-
tion.  It is a quite effective technology for 
the hybrid nanocomposites industry.  So-
me hybrid nanocomposites are already 
commercially available and applied in  
industrial products. Biodegradable poly-
mer-based nanocomposites seem to ha-
ve a  very  bright  future for  a  wide  
range of  applications  as  high perfor-
mance biodegradable materials. Their 
unique properties originating from the 
controlled nanostructure paves the way 
to a broad range of applications.  Re-
search  needs  to  be  conducted  to  ob-
tain  detailed rheological  measurements  
of  various  PLS  nanocomposites  in  mol-
ten states, in order to obtain information 
about the processing conditions of these 
materials. PLS nanocomposites show 
concurrent improvement in various ma-
terial properties at very low silicate con-
tent levels and can be prepared through 
simple processes such as melt intercala-
tion, directly by melt extrusion or injec-
tion molding, opening a new dimension 
for plastics and  rubber composites

Vulcanized rubbers are usually rein-
forced by carbon black and inorganic in-
teraction with rubbers, but their pre-
sence often reduces the processability of 
rubber compounds, especially at high 
volume loadings. On the other hand, is of 
paramount interest to disperse layered 
silicate in rubber on a nanometer level. 
The required level of reinforcement in 
rubbers can be achieved at very low laye-
red silicate loadings, which offers easier 
processing without any property deterio-
ration.

The development of organoclay/ rub-
ber composites is still in its embryonic 
stage. The methods practiced so far are 
related to various solution (including the 
latex route) and melt intercalations. Di-
rect (in situ) intercalation is regarded a 
suitable method for rubber synthesis.

The importance of glassy layers in 
filled polymer has received considerable 
attention very recently, when it is recog-
nized that a glass transition gradient 
exists near the surface and that the dy-
namics could be either enhanced or slo-
wed down according to the interaction 
of the chains with the surface. In depth 
studies of nonlinear viscoelastic behavi-
or of nano filled uncrosslinked rubber in 

the melt state can be done as a future 
study.

Polymer-layered-silicate nanocompo-
sites exhibit reduced flammability. Cone 
calorimetry can be used to measure the 
heat release rate (HRR) and other flam-
mability properties of the nanocomposi-
tes such as smoke production and CO

2
 

yield which are vital for the evaluation of 
fire safety of materials under well cont-
rolled combustion conditions. There is 
evidence for an antagonistic interaction 
between high processing temperatures 
and the alkyl ammonium MMT, which 
causes an increase in the poly dispersity 
index in nanocomposites during proces-
sing. The general nanocomposite flame 
retardant mechanism involves a high 
performance carbonaceous silicate char 
builds up on the surface during burning. 
This insulates the underlying material 
and slows the mass loss rate of decom-
position products.
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