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Possible Use of Sepiolite as Alternative Filler for Natural Rubber
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The use of mineral fillers in rubber industry has been increasingly focused. Sepiolite is considered 
as one of the mineral fillers that exploits unique characteristics. This is due to its unique needle-like 
fibrous and a tunnel-like micro-pore channel structures. Therefore, adding this filler in natural rubber 
(NR) matrix would bring tremendous advantage. The study was carried out in the form of curing 
characteristics, tensile properties and morphology together with the dynamic properties. Filling 
sepiolite to NR has brought to a noticeable enhancement of curing characteristics, tensile properties 
and morphology. This is contributed to the distinctive structure of sepiolite itself, it provides a better 
dispersion to the NR. Surface roughness of the composites is visibly found which is responsible for the 
mechanical properties. Further verification was also monitored through the dynamic properties of the 
composites. The obtained profiles are in good agreement to the tensile properties and morphological 
characteristics observed.
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1. Introduction
In manufacturing rubber products, it cannot be denied 

that filler has become the main ingredient after the rubber 
matrix. Filler has been incorporated to rubber to encounter 
many purposes, e.g., to improve the mechanical performance, 
service life and even to cheapen the manufacturing cost1. 
Filler is classified based on its own performance; the 
reinforcing filler is recommended when high strength is 
essential. However, non-reinforcing filler is needed when 
the cost is mainly concerned2. Recently, there is a number of 
fillers used in compounding rubber composites3-5. The most 
common fillers used in rubber industries are conventional 
carbon black and silica. However, high energy consumption 
is usually required for production of these fillers. Thus, 
searching other alternative fillers is of great interest and 
various possibilities for combining rubber and filler remains 
largely unexplored.

Considering the filler from clay family, sepiolite is 
another example, having special characteristics as compared 
to other types of fillers6. Figure 1 illustrates the morphology 
and chemical structure of sepiolite. The microfibrous 
morphology of sepiolite is in the form of microcrystalline 
hydrated magnesium silicate with the chemical formula 
of Si12Mg8O30(OH,F)4].(H2O)4·8H2O

7,8 and length of the 
fibrous sepiolite is ranged from 2 – 10 µm. Sepiolite also 
has unique needle structure consisting of tunnel-like micro-
pore channel. Such tunnel-like channels are in an order of 
layers that arrange towards the fibrous direction9. A central 

sheet of magnesium oxide-hydroxide is sandwiched by the 
layer of two tetrahedral siloxane sheets. This interesting 
characteristics of sepiolite have brought to provide efficient 
adsorption and high surface area. As a consequence, preparing 
the new composites based on the sepiolite and natural rubber 
is challenging and worth to explore.

Sepiolite was previously incorporated into NR without 
the use of sulfur in the compound10. It was mainly focused on 
the vulcanizing kinetics and tensile properties of the rubber. 
The resultant mechanical properties were not satisfactory 
due to compatibility concern. Recently, Hayeemasae et al.9 
tried to enhance the compatibility between rubber matrix 
and sepiolite by replacing the NR with epoxidized natural 
rubber. (ENR). The composites were prepared on the 
laboratory sized two-roll mill. The overall properties were 
enhanced but a very low amount of sepiolite was used. The 
low shearing force obtained from the roll mixing might be 
the reason to limit the dispersion of sepiolite. Effects of 
sepiolite content and dispersion methods were also focused 
by Bhattacharya et al.11. They found that the dispersion of 
sepiolite was found to have enhanced on mixing the nanofibers 
but requiring a very low speed in the Brabender (20 rpm) for 
a longer period of time (20 min). This was attributed to the 
availability of more time and space for polymer diffusion 
and adsorption on to the nanofiller surface. Although they 
found out that their method of mixing was promising, but it 
might not be of great practical relevance when considering 
the time consumption. Nevertheless, the acting shear forces 
strongly favor the dispersion of filler and is a strong argument *e-mail: nabil.h@psu.ac.th
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for melt compounding with rubbers. Thus, searching for an 
alternative and effective approach for preparing the rubber 
composite is of great interest.

The idea of this present work is to propose the conventional 
mixing method to incorporate the sepiolite into the NR. 
Considering the unique shape in association with the unique 
controlled mixing condition, it is anticipated that high amount 
of sepiolite is possible to provide strong interaction between 
the sepiolite and rubber, giving the composite with higher 
mechanical properties. The solution presented in this work 
relates to the key benefits on manufacturing new products 
from alternative fillers with high performance and stability 
from sepiolite filled natural rubber composite. To some 
extent, sepiolite could also replace the addition of white 
fillers such as silica, clay and calcium carbonate without 
requiring the addition of silane coupling agent which is 
considered the complicated and costly methods. In this article, 
NR composites containing different sepiolite content were 
prepared. The studies were evaluated and decided based 
on certain properties such as curing characteristics, tensile 
properties and their corresponding rubber-filler interaction 
and micro-fractured surfaces.

2. Experimental Details

2.1 Materials
The formulation used to prepare the rubber composite 

is listed in Table 1. STR 5L grade of NR was manufactured 

by Chalong Latex Industry Co., Ltd., Thailand. Sepiolite 
was mined and supplied by Hebei Dfl Minmet refractories 
Corporation, Shijiazhuang, Hebei, China and it was used as 
a received form. The composition of sepiolite is as follows; 
53.5 wt% of SiO2, 22.8 wt% of MgO, 1.93 wt% of Al2O3, 
0.58 wt% of Fe2O3, 0.51 wt% of K2O, 0.17 wt% of CaO 
and other traces with the loss on ignition of 19.3%8. The 
information on the physical properties of the sepiolite are 
shown in Table 2. Apart from the major ingredients used, 
the curing activator, ZnO and stearic acid were purchased 
from Imperial Chemical Co., Ltd., Bangkok, Thailand. ZnO 
and Global Chemical Co., Ltd., Samut Prakan, Thailand 
respectively. The curing accelerator which is N-cyclohexyl-
2-benzothiazole sulfenamide (CBS) was purchased from 
Flexsys America L.P., West Virginia, USA and finally the 
sulfur which was used as curing agent, was supplied by Siam 
Chemical Co., Ltd., Samut Prakan, Thailand.

Table 1. The formulation used for compounding the sepiolite filled 
NR composites.

Material Formulation (phr)
STR 5L 100

Steatic acid 1
ZnO 5
CBS 1.5

Sulfur 2.5
Sepiolite 0, 5, 10, 15 & 20

Figure 1. Sepiolite shape and structure.
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2.2 Preparation of composites
The entire amounts of NR composites made of rubber, 

sepiolite and other rubber additives were mixed sequentially 
using a Brabender (Plastograph® EC Plus, Mixer W50EHT 
3Z, Germany). Sepiolite was varied from 0 – 20 phr. The 
compounds were then passed through a two-roll mill after 
dumping to remove excess heat. Next, the compounds were 
compression molded into certain shapes by a hydraulic hot 
press, depending on the curing times obtained from a moving-
die rheometer (MDR) as described in the following section.

2.3 Curing characteristics
A moving-die rheometer (Rheoline, Mini MDR Lite 

(Prescott Instrument Ltd., UK) was implemented to perform 
the curing characteristics of the compounds, at the temperature 
of 150 °C. The data It was used to determine the torque, scorch 
time (ts1) and curing time (tc90) according to ASTM D5289.

2.4 Attenuated Total Reflection-Fourier 
Transform Infrared Spectroscopy (ATR-
FTIR)

The FTIR spectra of the NR/sepiolite composites were 
analyzed using a Bruker FTIR spectrometer (Tensor27) with 
a smart durable single bounce diamond in the ATR cell. Each 
spectrum was recorded in transmission mode after 32 scans 
per spectrum, with 4 cm-1 resolutions from 4000 to 400 cm-1.

2.5 X-Ray Diffraction
The XRD patterns of the samples were measured by 

a PHILIPS X’Pert MPD, using a CuKα radiation tube 
(λ = 0.154 nm) at 40 kV and 30 mA current. The diffraction 
pattern was scanned across 2θ = 5 - 30° with a step size of 
0.05° at 3°/min scan speed. The d-spacing of the layers 
of particles was further calculated from Bragg’s equation 
(nλ = 2dsinθ), where λ is the wavelength of the X-ray, d is 
the interlayer distance, and θ is the angle of the incident 
X-ray radiation.

2.6 Dynamic Properties
The dynamic properties of the NR/sepiolite composites 

were determined using a Rubber Process Analyzer model 
D-RPA 3000 (MonTech Werkstoffprüfmaschinen GmbH, 
Buchen, Germany). The composite sample was cured at 
150°C based on the curing time observed from the same 
RPA. Then, temperature was cooled down until 60°C. The 

testing was then carried out at frequency of 10 Hz and 
strains in the range of 0.5 to 90%. The raw outputs in term 
of storage modulus (G´) and damping characteristic (tan δ) 
were recorded whereby the rubber-filler interaction of the 
composites were monitored through the Payne effect. Payne 
effect can be calculated according to the equation below;

	 ´ – ´i fPayne effect G G=  	 (1)

where G´i is the G´ at 0.5% strain and G´f is the G´ at 90% 
strain. Higher Payne effect indicates lower rubber-filler 
interaction.

2.7 Measurement of tensile properties
The vulcanizates were cut into dumbbell shapes to 

perform tensile properties according to ASTM D412. The 
test was carried out using a universal tensile testing machine 
(Tinius Olsen, H10KS) at a cross-head speed of 500 mm/min. 
The results obtained were stress at any given strain, tensile 
strength and elongation at break.

2.8 Scanning Electron Microscopy
The broken samples after tensile test was used to study 

the morphology of the composite. The image was captured 
using a scanning electron microscope (Quanta 400) to obtain 
information on the dispersion of the sepiolite filler in the 
NR matrix. The fractured samples were firstly coated with 
gold palladium layer to avoid electrostatic charging built 
while examining.

3. Results and Discussion

3.1 FTIR spectrum
Figure 2 shows the FTIR spectra in the wavenumber range 

of 4000-400 cm-1 for the sepiolite powder, raw NR, and NR 
containing 10 and 20 phr sepiolites. The corresponding peak 
assignments are summarized in Table 3. For neat sepiolite 
powder, the absorption bands around 1662 and 1418 cm-1 
are specifically assigned to the stretching vibrations of 
O-H in Zeolitic and Interlayer O-H vibration. The special 
characteristic peaks of the sepiolite are found at around 
1072, 1038 and 444 cm-1 respectively, associated with 
stretching of Si-O14. As for the raw NR, the characteristic 
peaks are found at around 2958 cm-1, 2918 cm-1 and 2818 
cm-1, indicating the CH stretching vibrations of carbon-carbon 
double bond in NR. Other important peaks are at 1662 cm-1, 
1448 cm-1, 1375 cm-1, and 837 cm-1, associated with the 
stretching vibrations of C=C bonds, bending vibrations of 
CH2 and CH3 groups, and out of plane deformations of =C-H 
groups, respectively. Upon inclusion of sepiolite and further 
increasing in the sepiolite loadings have increased the peak 
intensities of Si-O vibration, corresponding to the content 
of sepiolite in the NR matrix. Most peaks observed were in 
good agreement to the literatures14,15.

3.2 X-ray Diffraction
Figure 3 shows the XRD pattern of raw sepiolite and 

NR composites containing 5, 15 and 20 phr of sepiolite. The 
2θ values of diffraction peak and their relative d-spacing 
are discussed. The peak at 10.4° of pure sepiolite powder 

Table 2. Typical characteristics of sepiolite8.

Properties Outputs
Colour Light cream
Form Powder
Size 325 mesh or 44 µm
Bulk density 0.86 g/ml (Typically 600 – 1200kg/m3)
Expanded volume 9 – 10 ml/g
Impurity 5 – 9%
Moisture 0.5 – 2%
pH 7 – 9
Melting point 1550 °C
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corresponded to d110 basal spacing which d is 8.38 A°. This 
indicates that the sepiolite has original distance between 
layers of 8.38 A° and was mainly in dehydrated form. The 
peak observed was dissimilar to the literatures16-18, where it 
was mostly found at 2θ values of 7.3 – 8.5°, corresponding 
to the to d110 basal spacing. However, Singh  et  al.19, has 
reported that the shifting of such peak may be presented if 
the sepiolite is heated at the temperature over 550°C. This 
may be possible as the sepiolite obtained was heated prior 
during mining process. Apart from that, the peak intensity at 
10.4° was more intense as increased the addition of sepiolite. 
This is associated to the higher amount of sepiolite which 
controls the crystal peak of sepiolite19,20.

3.3 Curing characteristics
Figure 4 illustrates the curing curves of the sepiolite 

filled NR composites whereas the raw data obtained from 
the curing curves are also listed in Table 4. Minimum torque 

(ML) is an indirect indication of compound’s viscosity of 
rubber and the maximum torque (MH) refers to the stiffness 
or shear modulus of the completely cured rubber at the 
tested temperature. The ML and MH exhibited an increment 
trend over the sepiolite content. Sepiolite is similar to 
other types of clay minerals which is naturally rigid form, 
thus, increasing the sepiolite content has risen undeformed 
component in the rubber compounds. This behavior restricts 
the movement of the molecular chain while testing, leading 
to an increment of the compound’s viscosity and stiffness 
of the composites20. Similar trend was also observed for 
the torque difference (MH-ML), that indicates the difference 
between shear modulus of cured and uncured compounds 
recorded at top and bottom points of the curing curve. The 
MH-ML value also relates to the stiffness in the composite. 
Based on the results obtained, it can be said that the addition 
of sepiolite has increased the rigidity which can reduce the 
fraction of deformable rubber in the compounds.

Another key parameter to consider while compounding 
the rubber is the time consuming during the vulcanizing 
process of the rubber compound. Here, scorch time (ts1) and 
curing time (tc90) are used to evaluated. These two values 
are measures of the time spent to initiate and complete the 
vulcanization process. As seen in Table 4, the ts1 and tc90 
slowly decreased over the sepiolite content. Short curing time 
is extremely beneficial for production due to the increment 
of the production rate. The decreased of these values can 
be associated to the physical and chemical parameters of 
sepiolite itself e.g., moisture content, metal oxide content 
and the surface area. Especially, the magnesium oxide (MgO) 
content in the sepiolite itself, this can be clearly seen from 
the chemical structure of sepiolite shown in Figure 1. As 
widely known that MgO is practically used as an activator 
for the rubber compounds21, the role of MgO is to act as a 
cation which then activate the crosslinking process at the 
diene backbone of the rubber. Despite the MgO contained in 
the sepiolite, other type of metal oxide, known as ZnO was 
also added in the formulation. This has brought to provide 
high efficiency of activating process during the vulcanization. 
Hence, the ts1 and tc90 were shortened by the addition of 
sepiolite. The participation of the MgO on cure behavior 
can be later confirmed by increasing value of cure rate index 
(CRI) which suggested that the curing reaction was faster 
with increased addition of sepiolite filler.

Figure 2. FTIR spectrum of raw sepiolite, NR and sepiloite filled 
NR composites.

Figure 3. XRD patterns of raw sepiolite and sepiloite filled NR 
composites.

Figure 4. Curing curves of unfilled and sepiolite filled NR composites.
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3.4 Payne effect
Dynamic properties of the composites were carried out 

using Rubber Process Analyzer. This is to investigate the 
storage modulus, Payne effect and the damping characteristics 
of the composites. Figure 5 illustrates the storage modulus of 
the composites. It exhibits that the storage modulus of gum 
NR showed constant values at low strain region but slightly 
decrease when the strain is higher than 50%. This is the common 
phenomenon happens to the viscoelastic material due to the 
molecular stability of the rubber. Furthermore, all sepiolite 
filled NR composites shows a behavior called nonlinear 
viscoelastic behavior where the storage modulus increased 
over the sepiolite content. The filler network formation may 
be responsible to the case observed, which strongly relates 
to the self‐aggregation tendency or an agglomeration. Also, 
the storage modulus dropped at high shear strain and kept 
decreasing till a minimum value. This is simply attributed 
to the breakdown of filler–filler networks.

In addition to that, the Payne effects of all composites 
were also estimated from the differences between the storage 
modulus at low strain and high strain amplitudes (see the 
Table embedded in the Figure 5). The level of G’i – G’f was 
found to be 68.83, 127.97, 128.02, 163.21 and 198.06 kPa 
for the unfilled NR and filled NR at 5 – 20 phr respectively. 
Increasing these values is attributed to formation of filler’s 
network and indicates a high filler-filler interaction5. A drastic 
increment of Payne effect was observed particularly at 20 phr 
of sepiolite which is attributed to the large agglomeration of 
sepiolite in the composites. The results from Payne effect is 
in good agreement to the tensile strength observed especially 
at 20 phr of sepiolite content.

Dependence of damping characteristic (tan δ) as 
functions of strain is shown in Figure 6. It is obvious that 
the composites exhibited higher damping characteristics 
over the addition of sepiolite in the composite, indicating a 
considerable decrease in the degree of mobility and hence 

Table 3. Wavenumbers and their corresponding assignments of FTIR spectra observed in this study12,13.

Materials Wavenumbers (cm-1) Assignments

Sepiolite

1662 O-H stretching vibrations in Zeolitic
1418 Interlayer O-H vibration

10,721,038 Skeleton Si-O stretching vibration (Si-O-Si, O-Si-O)
444 Si-O-Si and Si-O deformation vibrations

NR

2958 –C–H stretching vibration of carbon-carbon double bond
2918 CH2 stretching vibration of –C=C–
2848 CH stretching vibration of –C=C–
1662 C=C stretching vibration
1448 Bending vibration of C–H
1375 Scissoring vibration of CH3

837 Out-of-plane bending vibration of C–H in the –CH=CH– group

Figure 5. Storage modulus and Payne effect of unfilled and sepiolite 
filled NR composites.

Figure 6. Damping factor or tan δ of unfilled and sepiolite filled 
NR composites.

increasing the damping behavior. This is simply due to the 
dilution effect due to the replacement of sepiolite over the 
elastic rubber22,23.

Table 4. Curing characteristics of the unfilled and sepiolite filled NR composites.

Sepiolite 
content (phr) ML (dN.m) MH (dN.m) MH-ML (dN.m) ts1 (min) tc90 (min) CRI (min-1)

0 0.96 7.03 6.07 1.72 4.58 34.97
5 1.03 7.07 6.04 1.44 3.97 39.53
10 1.09 7.35 6.26 1.39 3.85 40.65
15 1.1 8.1 7 1.34 3.77 41.15
20 1.16 8.84 7.68 1.29 3.58 43.67
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3.5 Tensile properties
Figure 7 shows the stress-strain curves of sepiolite filled 

NR composites. Typical strain-induced crystallization of 
unfilled NR and of NR containing 5 – 20 phr of sepiolite is 
seen in the stress-strain curves. The stress and strain values 
appear to differ between the unfilled and filled NR. From the 
stress-strain curves, it is possible to estimate the change point 
of the strain for each of the samples. Clearly, the strain at the 
onset of the stress upturn for the NR containing sepiolite is 
much lower than that of the unfilled NR, and the onset strain 
decreases with increasing sepiolite loading. This observation 
indicates that the addition of sepiolite affects the stress-strain 
behavior of NR and lowers the strain at the onset of the stress 
upturn. Further, the area underneath the stress–strain curve 
was examined to indicate the toughness of a material24. The 
largest area underneath the curve corresponds to the greatest 
toughness. The sepiolite filled NR composites showed a 
greater area underneath the stress–strain curve than the 
unfilled NR, and, therefore, greater toughness.

To focus more in details, the results obtained from stress-
strain curves were extracted in terms of stress at 100% (M100) 
and 300% (M300) strains, tensile strength and elongation 
at break. These values are listed in Table 5. It exhibits that 
sepiolite has greatly affected the tensile strength. The highest 
tensile strength obtained at 15 phr sepiolite contents was about 
30% higher than the neat NR. The tensile strength values 
however decreased after 15 phr of the sepiolite content. 
The unique characteristics and morphology of sepiolite 
play very important role in reinforcing the NR matrix. A 
needle-like shape of sepiolite holds certain probability to 
have an efficient contact to the rubber. This has brought 

to an adequate surface area to be able to interact with the 
rubber and diminish filler-filler distance. Surface area is an 
important factor in the composite structure, the larger the 
surface area of the filler, higher possibility of contact takes 
place25,26, giving efficient stress-transfer from one another 
The decrease in tensile strength with sepiolite content 
above 15 phr is simply contributed to the agglomeration 
of filler or so-called filler-filler interaction20. When high 
amount of sepiolite was added, the sepiolite itself tend to 
interact themselves due to the strong physical adsorption 
among them. In this case, the silanol groups available at 
the outer surface of sepiolite. This has created the area of 
agglomeration in the composite. This enabled to act as barrier 
to the movement of rubber chains and created catastrophic 
failure under stress27 which has caused a reduction in tensile 
strength of the composite.

As for the tensile modulus of the sepiolite filled NR 
composites, it was observed that the M100 and M300 
increased slightly over the sepiolite content. As sepiolite 
particles incorporated into the rubber, the flexibility of the 
rubber is reduced due to the dilution effect28, resulting in 
stiffer vulcanizate. This can be clearly seen from the reduction 
of elongation at break observed previously. Such finding is 
responsible to the fact that the sepiolite is naturally hard 
phase, which unable to deform. As a result, the internal 
strain of the rubber matrix is superior than the external 
counterpart yielding a strain independent contribution to 
the modulus29. This result correlates to the MH observed in 
the previous section.

3.6 Tensile fractured surfaces
Figure 8 illustrates the SEM micrographs of tensile fractured 

surfaces of sepiolite filled NR composites at 100×, 1,500× 
and 5,000× magnifications. At lower amount of sepiolite 
(see S5), less amount of particulates was seen because there 
was still small amount of sepiolite added. However, such 
dispersion is enough to assist the stress transfer to each other. 
Rougher surface and better dispersion of sepiolite were then 
observed when sepiolite was incorporated at 15 phr (see 
S15). The observed roughness and frequency of tearing 
indicates that high energy is required to break the sample. A 
gradual increase in the surface roughness over the sepiolite 
content is simply responsible to the tensile results obtained. 
Moreover, this behaviour is not seen when sepiolite was 
added above 15 phr (see S20). The agglomeration of sepiolite 
is also seen together with detachment of sepiolite, due to 
the strong filler–filler interaction. Therefore, less breaking 
energy is involved to the tensile sample in this case. Other 
works have reported similar observations especially on the 
changes of micro-fractured surfaces or micro-defects of the 

Figure 7. Stress-strain curves of unfilled and sepiolite filled NR 
composites.

Table 5. Tensile properties of the unfilled and sepiolite filled NR composites.

Sepiolite content (phr)
M100 M300

Tensile Strength (MPa) Elongation at Break 
(%)(MPa) (MPa)

0 0.74 ± 0.05 1.78 ± 0.16 17.94 ± 0.79 698 ± 7.27
5 0.80 ± 0.07 1.95 ± 0.15 20.63 ± 0.95 682 ± 7.01
10 0.86 ± 0.04 2.05 ± 0.14 21.33 ± 0.88 657 ± 10.12
15 0.93 ± 0.04 2.08 ± 0.11 22.91 ± 0.81 651 ± 10.99
20 1.03 ± 0.06 2.26 ± 0.14 18.47 ± 0.59 636 ± 10.65
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Figure 8. SEM images obtained from tensile fractured surfaces of unfilled and sepiolite filled NR composites at 500×, 1,500× and 5,000× 
magnifications.

rubber samples after the incorporation of fillers in natural 
rubber composites30-32.

4. Conclusion
This work aimed to utilize the sepiolite as alternative 

filler for NR matrix. Sepiolite has very unique characteristics 
especially from the needle-like and elongated shapes. Based 
on the functionality observation of sepiolite, the chemical 
structure of sepiolite is almost similar to clay family. However, 
the morphology of sepiolite is somewhat interesting, it 
enabled to disperse well in the NR matrix and provided 
very good properties to the composites. Such reinforcement 
can be viewed from an increment of tensile strength over 
the sepiolite content together with the supporting evidence 
obtained from SEM images. Due to the presence of MgO 
available in sepiolite, it played very important role in the 
curing process of the composites. MgO could act as curing 
activator for vulcanization, resulting to reduce the vulcanizing 
time of the composites. In summary, the sepiolite has shown 
to be a filler of choice for preparing rubber composites where 
the loadings of 15 phr is highly suggested to be used for NR 
due to the overall satisfactory properties. To some extent, 
sepiolite could also replace the addition of white fillers such 
as silica, clay and calcium carbonate without requiring the 
addition of silane coupling agent which is considered the 
complicated and costly methods.
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