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Improvement in physical and mechanical properties of butyl rubber by application of
a modified montmorillonite (MMT) organo-clay (Cloisite15A) has been the main
objective of this research.  Butyl rubber is widely used in tyre industry thus, reduc-

tion in its consumption by decreasing the products thickness/weight along with
improvements in physical-mechanical properties of the composite has economical sig-
nificance. In this work, melt mixing in an internal mixer was selected as the method of
dispersing organo-clay in the rubber matrix. Organo-clay content in the nano-compos-
ite was altered as 3, 7, 11, and 15 phr, and intercalation of polymer chains into the clay
gallery was deduced from the increase in basal spacing of the silicate layers as was
measured by XRD. The highest basal spacing detected for the 3 phr nano-composite
was about 4.5 nano-meters. Dispersion and distribution of the organo-clay were
observed by SEM. Effects of organo-clay content and structure on mechanical and
rheological properties of nano-composites as well as permeability of CO2 gas through
their films were evaluated.  It was shown that as small amount as 3 phr montmorillonite
organo-clay reinforces butyl rubber to a great extent, affects its elastic and viscous
behaviour in dynamic conditions, and increases its barrier properties to CO2 gas. The
rate of improvement in properties slows down at organo-clay contents higher than
3 phr. 

INTRODUCTION

Application of organo-clay as rein-
forcing filler for elastomers has
been the subject of interest for
many research works in recent
years [1-4]. Butyl rubber has been
under attention, by a wide range of
applications, such as tyres, curing
bladders, air springs, drug cap
sealants, gas pipe coating and gas-

kets, military attires, and sporting
goods [5]. Some special physical-
mechanical properties of butyl rub-
ber such as low gas permeability
coefficient, high heat and aging
resistance, high chemical and
weathering resistance, and good
mechanical strength have made this
elastomer suitable for above given
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applications [3,5]. 
In order to make hydrophilic montmorillonite

(MMT) to be compatible with hydrophobic polymers
and avoiding its agglomeration in the polymer matrix,
the clay mineral need be modified with surfactants
[1]. Such modified clays are commonly referred to as
organo-clays. The most popular modification for
clays is to exchange the interlayer inorganic cations
(e.g., Na+, Ca2+) with organic ammonium cations.
Another key aspect of surface modification is to
increase the interlayer spacing up to a certain extent
(normally over 2 nm) and hence reduce the interlayer
attractions, which allows the diffusion and accommo-
dation of polymer chains into the interlayer spaces
[1]. 

Cloisite 15A, a natural MMT modified with
dimethyl, dehydrogenated tallow, quaternary ammo-
nium (2M2HT) from Southern Clay Products, Inc. has
a large initial basal spacing (3.19 nm) compared to the
other modified MMTs. Table 1 shows the specifica-
tions of Cloisite15A as given by the Southern Clay
Products, Inc, USA.     

Substitution of conventional reinforcing fillers
such as carbon black and silica with MMT has
improved some of the desired properties of rubber
compounds in addition to some reductions of the final
weight and price of the products [6]. This substitution
is most effective when the largest possible contact
surfaces are obtained between polymer and filler.
Significant improvements in physical-mechanical
properties of polymers with application of layered
organo-clay have been attributed to exfoliation of sil-
icate platelets in the polymer matrix where largest sur-
face area of organo-clay is achieved [7].

This ultimate dispersion of organo-clay in polymer
will bring about the nano scale interaction with poly-
mer chains, reduction of free volume and motion of
polymeric segments, and consequently, excessive
mechanical reinforcement and gas barrier properties

[7]. Other than exfoliated morphology of filler in
polymer matrix, high intrinsic aspect ratio and proper
orientation of silicate platelets are important in appli-
cations where gas barrier properties are required [8].
It has been shown that using organo-clay with very
high aspect ratio such as vermiculite and/or employ-
ing solution mixing method is able to improve the gas
barrier properties to a great extent [8].

Previous studies on butyl nano-composites show
majority of organo-clay platelets in intercalated struc-
tures, but not exfoliated (d 001 basal spacing more
than 8.8 nm) [5,9]. The type of organo-clay and its
modifier, initial basal spacing of the modified organo-
clay, and subsequent thermal and mechanical process-
es applied to the nano-composite can define the
degree of dispersion of organo-clay in the polymer
matrix and its stability [7,10]. In melt mixing, organo-
clay is mixed with polymer above its softening point
and under high shear rates. The advantage of this
method is its versatility, but in most applications, this
method leads to intercalated structure [11].  

In the current work, the objective was to study the
effect of montmorillonite organo-clay (Cloisite15A)
on morphological, mechanical, rheological, and gas
barrier properties of butyl rubber prepared by melt
mixing. The degree of rubber intercalation into clay's
silicate layers was inferred by measuring the layers
spacing using X-ray diffraction (XRD). Dispersion
and/or distribution of organo-clay were studied by
employing scanning electron microscopy (SEM). The
improvement in mechanical and gas barrier properties
can result in lighter and thinner products thus, reduc-
tion in consumption of butyl rubber in applications
such as inner tubes and tyre curing bladders. The
effect of montmorillonite organo-clay on rheological
properties of butyl rubber has not been studied yet and
it may reveal this filler’s impact on permanent set
which is closely related to life time of the mentioned
products.  
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Name Modifier Modifier
Concentration

XRD peak 
position, 2θ

XRD
d 001 (nm)

Specific gravity
(g/mL)

Cloisite 15A 2M2HT 125 meq/100 g clay 2.77 3.19 1.66

Table 1. Specifications of Cloisite15A organo-clay. 



EXPERIMENTAL

Materials and Instrumental
The butyl rubber was obtained from JSR, Japan. The
modified montmorillonite type Cloisite15A was pur-
chased from the Southern Clay, USA. Properties of
Cloisite15A are given in Table 1. The recipe for the
rubber compound is shown in Table 2. In order to dis-
perse the organo-clay in the rubber matrix, melt mix-
ing in the Brabender internal mixer followed by a
two-roll-mill was employed. 

In order to evaluate the quality of dispersion and
distribution of organo-clay in the rubber matrix, X-ray
diffraction (XRD) and scanning electron microscopy
(SEM) techniques were used, respectively. The XRD
measurements were carried out in an expert model of
Philips diffractometer with a Cu Kα radiation (40 kV,
40 mA). The SEM photographs were taken using a
Phillips XL30KV electron microscope.  

Tensile measurements were done on a Monsanto
machine according to standard ASTM D 412. To
study the effect of organo-clay content on mechanical
and rheological (viscoelastic) properties of rubber
compounds, hardness, tensile, and dynamic properties
were evaluated. All viscoelastic measurements were
performed using dynamic-mechanical analyzer
(Netzsch DMA 242) in shear mode. Permeability of
the samples was tested by a device made in Tarbiat
Modares University based on the standard ISO 2782.
Permeation of CO2 gas through thin films of rubber
was tested under constant pressure of 4 bars. The CO2
gas was chosen because of its relatively high perme-
ability (solubility) in butyl rubber and thus, shorter
testing time.

RESULTS AND DISCUSSION

Structural Analysis of Nanocomposites
In order to study the effect of organo-clay content on

properties of butyl rubber, compounds were prepared
with 0, 3, 7, 11, and 15 phr organo-clay contents. The
XRD results on Cloisite15A organo-clay and uncured
compounds to assess the degree of intercalation of
rubber into the gallery of silicate layers are shown in
Figure 1. As Bragg's law predicts, shifting the XRD
peaks to smaller angles (2θ) can be interpreted as the
increase in the average spacing (d) between silicate
crystal platelets due to intercalation of polymer chains
into the platelet's gallery. Also, the widening and loss
of intensity of the peaks are the indications of the dis-
ordered intercalated structure. If the peaks disappear
completely, it can be interpreted as the exfoliation of
silicate layers. These signs from XRD photographs
can be used as a measure of dispersion of organo-clay
from its original agglomerated form to polymer-inter-
calated structures.  

Table 3 summarizes the position of peaks for 001
planes and their calculated basal spacing (d). As it can
be inferred from d-values, intercalation of polymer
chains into the gallery of clay layers has occurred for
all composites thereafter, this will be called nano-
composites. The nano-composite with 3 phr organ-
oclay shows wider and shorter peak of 001 crystal
planes and the highest d-value compared to other

Figure 1. XRD Graphs for organo-clay Cloisite15A and
nano-composites with different clay contents.
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Ingredients Butyl rubber Cloisite 15A Zinc oxide Stearic acid Sulphur MBTS TMTD TMQ

phr 100.0 variable 5.0 2.0 1.5 0.5 1.0 1.0

Table 2. Recipe of rubber compounds (phr: part per hundred rubber).
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Figure 2. SEM Photographs of nano-composites at two magnifications of 5000x (left side) and 40000x (right side):
(a) and (e): 3 phr, (b) and (f): 7 phr, (c) and (g): 11 phr, (d) and (h): 15 phr of organo-clay.



Table 3. Peak angle (2θ) and spacing (d 001) for uncured
nano-composites with different clay contents obtained from
XRD.

nano-composites with higher organo-clay content.
The intercalated structure or the preliminary evidence
of exfoliation can be deduced from these XRD
graphs. But for proving the presence of a single sili-
cate layer we need transmission electron microscopy
(TEM) [12]. It is clear from Figure 1 and Table 3 that
the maximum d-spacing decreases as the amount of
organo-clay increases, thus the 3-phr sample exhibits
the most intercalated structure for the organo-clay
among the others.

For studying the dispersion/distribution of the
nano-composites, SEM photographs were obtained.
Figure 2 shows SEM photographs taken from the bro-
ken surface of these nano-composites at two magnifi-
cations of 5000× and 40000×. The rod shape white
spots are the edges of the bundles of silicate layers
which are sticking out of the surface. Photographs
with smaller magnification (5000×) show the distribu-
tion of organo-clay in the rubber matrix which
becomes worse as the clay content is increased.
Agglomerates appeared in larger sizes and their size
distributions become pronounced as the amount of
clay increases.

The higher magnification (40000×) photographs
focus on the small individual bundles present. The
thickness of bundles is in the order of 70 nm for the 3-
phr sample and it increases for higher filled nano-
composites. The observed bundles can be considered
as the largest agglomerates of organo-clay, but bun-
dles with few layers or individual layers cannot be
detected by SEM technique. However, it can be
inferred from XRD and SEM results that there might
exist a distribution of bundle sizes from few layers up
to those with about 70 nm thick in the nano-compos-
ites [12]. In the next sections, any changes and
improvements in physical-mechanical properties of 

Figure 3. Effect of vulcanization process on organo-clay
structure in rubber nano-composites.

butyl rubber may be exclusively attributed to the
intercalated structure of these melt-mixed nano-com-
posites, with no consideration of any possible com-
plete exfoliation.      

The stability of organo-clay structure by time and
during vulcanization process was studied using basal
spacing detected by XRD. The uncured samples rest-
ing for 3 days, and 1, 3, and 6 weeks at room temper-
ature were tested and showed no significant change in
their basal spacing compared to their corresponding
values before resting. This proves that time did not
affect the intercalated structure of the clay in uncured
state at room temperature. Also, as Figure 3 shows
that the process of vulcanization does not change the
position and intensity of peaks related to 001 and 002
planes, but it causes the peak 003 shows up on the
XRD pattern. The later peak shows that the intercalat-
ed structure becomes ordered due to vulcanization
process in compression moulding [13,14].  

Figure 4. Effect of organo-clay content on hardness.
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Organo-clay 
content (phr) 3 7 11 15

2θ 1.95 2.21 2.31 2.43

d 001 [nm] 4.5 4.0 3.8 3.6



Figure 5. Effect of organo-clay content on modulus of elas-
ticity at 30% starin.

Effect of Organo-clay on Mechanical Properties
Results of hardness and modulus of elasticity (at
medium strains of 30%) as functions of organo-clay
content are shown in Figures 4 and 5, respectively. As
it is observed, both hardness and modulus of com-
pounds increase as the clay content increases but the
rate of increase in hardness slows down.   

In order to evaluate the degree of reinforcement by
organo-clay, the tensile strength and elongation-at-
break were measured. As it is shown in Figure 6, the
both properties increase to the great extents as the
organo-clay content increases. However, the highest
gain is obtained with 3 phr nano-composite after
which the rate of increase slows down. Normally, the
addition of any type of reinforcing filler would boost
the mechanical properties of the rubber compound.  In
the case of nano-clay with intercalated structure, this
reinforcement has been amplified especially for the 3-
phr nano-composite. 

Figure 6. Effect of organo-clay content on tensile 
properties.

Figure 7. Effect of organo-clay on storage modulus of butyl
rubber.

In general, improvement in tensile properties is an
indication of great reinforcement of butyl rubber with
this type of filler. As a result, the 3 phr nano-compos-
ite can be selected as the optimum specimen for fur-
ther study and applications.  

Effect of Organo-clay on Rheological Properties
The objective of this study was to evaluate the effect
of organo-clay on rheological (viscoelastic) properties
of butyl rubber. For this purpose, the dynamic-vis-
coelastic properties of the unfilled compound were
compared with those of 3-phr nano-composite, as the
representative of all nano-composites but with the
highest degree of rubber intercalation. The results of
temperature sweep dynamic shear (0.1% dynamic
sinusoidal strain at 1 Hz frequency) are shown in
Figures 7-9. 

As it is observed from Figure 7, the storage modu-
lus (G') increases with the addition of organo-clay. 

Figure 8. Effect of organo-clay on loss modulus of butyl 
rubber.
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Figure 9. Effect of organo-clay on tan δ of butyl rubber.

According to Figure 8, it is clear that the peak of loss
modulus (G'') for the nano-composite is lower than
that for the unfilled compound. However, there is a
clear shift of glass transition temperature (Tg) to high-
er temperatures (about 5ºC shift) due to addition of
this type of organo-clay. These changes in behaviour
of the nano-composite can be attributed to the restric-
tions imposed by the nano-clay at molecular level, the
reduction of free volume and molecular mobility, the
increase of glass transition temperature, and thus, the
reduction of dissipative mechanisms near Tg.    

In Figure 9, the plot of tan δ = G''/G' versus tem-
perature shows similar trends, a lower peak value and
a higher Tg for the organo-clay filled compound com-
pared to the unfilled one. The increase in Tg and the
reduction of tan δmax can be attributed to the interca-
lation of rubber into the silicate layers.  Due to this
shift of Tg, the curves cross over at two points and the
relative values of tan δ for the unfilled rubber and the
organo-clay filled composite show temperature
dependency. At temperatures below -15ºC and above
about 37ºC, the nano-composite shows lower loss fac-
tor or more elastic behaviour. Between these two tem-
peratures the loss factor of the nano-composite
exceeds that of the unfilled compound, which is an
indication of more viscous behaviour. The reduction
in the peak of loss factor by addition of organo-clays
has been observed for other polymer nano-composites
by other researchers [15]. The reduction of loss factor
in SBR compounds by increasing carbon black con-
tent has also been reported earlier [16]. The perma-
nent set and shape stability at service temperature
(about 220ºC) is one of the crucial requirements for
tyre curing bladders. As Figure 9 predicts, at these 

Figure 10. Effect of organo-clay content on permeability
coefficient of CO2 gas through butyl rubber.

temperatures, the nano-composite with 3 phr organo-
clay shows more elastic behaviour than the unfilled
butyl rubber compound which may lead to more
shape recovery during service, thus extending the
applicability of the curing bladders.  

Effect of Organo-clay Content on Permeability
Coefficient 
Another important property for butyl rubber is its low
gas permeability. Figure 10 shows the effect of
organo-clay content on the permeability coefficient of
CO2 gas through butyl rubber. Increasing organo-clay
content has decreased this coefficient under the condi-
tions explained earlier. This reduction can be attrib-
uted to the presence of high aspect ratio layered nano-
clay and increased tortuosity of the gas as well as
intercalation of rubber into silicate platelet gallery and
decreased molecular chain mobility in butyl rubber.
Addition of 3 phr Cloisite 15A organo-clay has
decreased the permeability coefficient about 20%.
Considering the proportionality of the permeability
coefficient (p) and rubber film thickness (b) in eqn (1)
the 20% reduction in the permeation of the gas per-
mits the proportional reduction of the thickness and
weight of the products in which gas permeation resist-
ance is the desired property. In this equation, (V) is
volume of the gas passed through the thickness of
rubber (b) with surface area (A) at time (t). (P1) and
(P2) are pressures of gas on both sides of the rubber
film.   

(1)
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In such application as tyre curing bladders (assum-
ing a sphere with radius r) a 20% reduction in thick-
ness (b) may result in 25% increase in hoop stress
(σθ) in the bladder wall under constant internal pres-
sure P, thus early failure of the bladder according to
eqn (2)

(2)

could be predictable. However, enhancement of the
mechanical strength by application of organo-clay, as
explained earlier, compensates for enlarged hoop
stress and allows for reduction in thickness without
any unexpected failure.

CONCLUSION

Intercalated morphology of montmorillonite
(Cloisite15A) organo-clay melt mixed in butyl rubber
matrix was deduced from basal spacing of silicate lay-
ers by XRD and SEM photographs. XRD results
showed that rubber has intercalated into the clay
structure for all nano-composites with different
organo-clay content, but increasing the amount of
organo-clay would decrease the degree of intercala-
tion. As a result, the nano-composite with 3 phr
organo-clay was considered as the one with highest
degree of rubber intercalation. Structure of this
organo-clay in un-vulcanized state at room tempera-
ture was stable over the time period studied. Also,
vulcanization process did not change the level of
intercalation, but it created ordered intercalated struc-
ture in the vulcanized state. The SEM photographs of
the nano-composites showed better clay distribution
for the 3 phr nano-composite along with thinner clay
bundles. However, SEM failed to show bundles with
few layers which probably exist in the nano-compos-
ites. Addition of this organo-clay enhanced nano-
composite's physical-mechanical properties such as
hardness, modulus of elasticity, tensile strength, and
elongation-at-break in the vulcanized state of all
nano-composites. However, the highest gain was
obtained with 3 phr organo-clay and highest degree of
intercalation. Also, addition of 3 phr organo-clay
increased storage modulus, but decreased the peak
value of loss factor (tan δmax) under dynamic loading.

The glass transition temperature shifts to higher tem-
peratures when rubber is filled with organo-clay. Due
to this shift, the relative values of loss modulus and
tan δ for unfilled and organo-clay filled compounds
depend on the service temperature of the nano-com-
posite. Montmorillonite organo-clay also decreased
the gas (CO2) permeability coefficient of vulcanized
butyl rubber. The improvement in mechanical and gas
barrier properties of butyl rubber, by addition of
montmorillonite organo-clay, was attributed to inter-
calated structure and distribution mode of organo-clay
detected by XRD and SEM. The results are good
promises for the reduction in thickness and weight of
the products in which low gas permeability is a
desired property. 
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