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Abstract 

Thin elastomer films of styrene-ethylene-butylene-styrene block copolymer (SEBS) filled 

with sepiolite nanofibers nanocomposites were prepared by a dip-coating process. To increase 

the SEBS/Sepiolite elastomer performances, a new strategy of surface modification of 

sepiolite by SEBS polymer chains has been developed. In a first part the surface modification 

of sepiolite was characterized by FTIR and TGA. In a second part the mechanical properties 

of the filled SEBS films were assessed. Measurements of tensile properties and tear strength 

were carried to evaluate the impact of the sepiolite modification. These results are discussed 

in taking account the filler dispersion and the quality of the SEBS/sepiolite interface. The 

surface modification of the sepiolite nanofibers shows an interesting improvement of the tear 

strength without major modifications of SEBS matrix intrinsic hyperelastic behavior. 

 

Keywords: thermoplastic elastomer; SEBS; hyperelastic behavior; tear strength; sepiolite; dip-

coating 

1. Introduction 

Thermoplastic elastomers such as polyolefin block copolymers present a wide range of 

mechanical properties depending on their composition and morphology. From a microscopic 

point of view, they can be seen as composite materials with separated soft and rigid segments 

[1-3]. Hard blocks form cross-linking nodules giving the material elastomeric properties. Two 

cross-linking physical levels are observed with the rigid microdomains and the soft segments 
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entanglement. Thus, by controlling the chemistry of the copolymer, nature of rigid and soft 

blocks and their ratio, it is possible to obtain materials with many different mechanical 

properties such as high elastic properties, low Young’s modulus, high elongation rate [4], that 

can satisfy industrial demands and applications such as shoes insole, medical bags, 

resuscitator, etc.  

Elastomers and particularly thermoplastic elastomers present a so-called Mullins effect 

characterized by a particular aspect of the mechanical response in filled rubbers in which the 

stress–strain curve depends on the maximum loading previously encountered [5-8]. Recent 

work [9] proposes to evaluate the theory of network alteration for the Mullins effect by 

reconciling both physical and phenomenological approaches using finite element applications 

according a modified network alteration theory of Marckmann et al. [10]. Actually, specific 

work input is analyzed by the integration of the stress-strain curve: the simple numerical use 

of the strain energy densities allows some correlations between the stiffness reduction 

associated to the Mullins effect, the viscoelastic response and physical considerations on the 

material [11].  

The objective of this work is to develop a material than can deform importantly at very low 

stress without hysteresis and softening effect and presenting good tear strength. However, it 

remains difficult to obtain a material having both glassy and rubbery properties [4]. Figure 1 

adapted from Bouchereau et al. [12] summarizes our objective and the difficulties to achieve 

this goal by only controlling the chemistry of the thermoplastic elastomer. Actually, the 

properties of elastomers vary in function of certain parameters which depend on the 

vulcanization. It is possible to intercede at several levels in order to alter the crosslinking, for 

example by varying the vulcanization time. The maximum strain that can be reached by a 

vulcanized elastomer depends on the average distance between two junctions in the 

macromolecular network, usually quantified by the crosslinking density. Some mechanical 



characteristics are improved significantly with the crosslinking density such as dynamic or 

static module. We can understand easily that greater flexibility of the chains and thus high 

deformability of macroscopic material is observed for a low crosslinking density. However 

other properties also depend on the degree of crosslinking such as tear strength and fatigue 

strength, dissipation, hardness. But as these dependencies often develop antagonistically, it is 

difficult to find an optimal degree of crosslinking compared to the different criteria of 

behavior.  

 

Figure 1: Influence of the cross-linking density on different mechanical properties [12]. 

 

Most studies aim at improving the elastic modulus, elongation at break or work of fracture by 

incorporating nanoparticles to rubber matrices [13-16]. But few of them consist in combining 

high elasticity, low stress and good tear strength. Little work focuses on the possible 

combination of high elastic properties, high elongation, low Young’s modulus and an 

improvement of tear strength. Works, based on nanoparticles, enhance the fact that using 

nanofillers, such as nanoclay, leads to an improvement of tear strength and elastic modulus 

[17]. Actually, the literature presents the fact that nanoclay can act as an anti-plastic barrier on 

the material thanks to a combination of chemical and physical interactions with the matrix: 

the nanoparticles will interact with the linear polymer sequences, leading to an improvement 

in tear resistance and an extremely large reversible elongation [18-19]. It also reported that 
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incorporation of nanoparticles leads to a decrease of elongation at break in case of poor 

dispersion. This observation is to consider with care for materials under high strain [20-21].  

Actually, those fillers act as rigid microdomains and at the end, one has to face the same 

difficulties as described previously. A solution is to modify the surface of the nanofillers to 

reach the objective. Recent works show the possibility of improvement of the elongation at 

break properties of rubbers by the addition of lamellar fillers. Zhenjung et al. studied the 

influence on the mechanical properties of a styrene-isoprene-butadiene rubber in presence of a 

suspension of multi-layered organophilic montmorillonite in the toluene or the cyclohexane 

[22]. They noticed that fillers are better dispersed by the toluene and give greatly dispersed 

nanocomposites based elastomer. They observed an improvement of the elongation at break 

of the rubber from 500 to 700 % for an addition of 3 wt% of montmorillonite in the toluene. 

Chen-Yang et al. as for them studied the influence of a lamellar nanofiller based organo-

modified montmorillonite by aminolauric acid (ALA) on the mechanical behavior of a 

thermoplastic urethane (TPU) increasing elongation at break from 600 to 1400% [23]. Deng 

and al worked on a composite system based poly (D, L-lactide) or PDLLA with precipitated 

(NH4)2HPO4 apatite filler modified in a solution of Ca(NO3)2 in presence of SnOct2. By using 

10 wt% nanoapatite, the elongation at break of the composite increased from 20 to 1550% 

[24]. 

Finally, the works of Haraguchi and al. highlighted that the incorporation of an important 

quantity of hydrophilic nanosilica based silsesquioxane, sepiolite, nanoclays, nanotubes of 

carbons (between 5.5 and 23 wt%) in a hydrophobic matrix of poly (2-methoxyethyl acrylate) 

(PMEA) allowed to obtain very interesting mechanical and optical properties, in particular 

complete reversibility for deformation up to 3000% without damages by mechanical necking 

[17].  



The present work concerns the new functionalization of sepiolite nanoparticle with 

thermoplastic elastomer based styrene ethylene butadiene styrene (SEBS). The study will 

contribute to better understand how the proportion of nanoparticles and the interface treatment 

influence several mechanical properties by comparison with cast-calendared and dip coating 

processes. 

2. Materials & Methods 

2.1 Materials 

 

The thermoplastic elastomer used in this study is a SEBS Thermoflex 10H730 from Plastic 

Technology Service LTD. This triblock copolymer (Figure 2) is a very soft grade (11 Shore 

A) presenting an important elongation at break and a low modulus. 

 
 

Figure 2: Chemical structure of SEBS and SEBS-g-MA. 

 

The weight ratio of styrene/ethylene-butadiene is about 5/95, and the weight ratio of 

ethylene/butadiene in the soft segment is about 70/30. This composition has been determined 

by comparing the DSC thermogram to literature [11, 25-26]. The SEBS polymer grafted with 

maleic anhydride (SEBS-g-MA) FG1901W was supplied by Kraton. 

The pristine sepiolite (noted S1 in the text) used was a high purity natural sepiolite Pangel S9 

from Tolsa. (3-Aminopropyl)triethoxysilane was supplied by SIGMA-ALDRICH and was 

used as received. Similarly to palygorskite, the structure of sepiolite is highly porous. This 

hydrated magnesium silicate (Si12Mg8O30(OH)4(H2O)4,8H2O) is based on SiO4 tetrahedra 



layers, with an inversion of the apical ends every six units. These layers are interconnected by 

MgO6 octahedra, thus creating nanochannels of 3.5×10.6 Å
2
 in cross-section [27]. Two types 

of water molecules are present in the structure: water coordinated to Mg
2+

 ions at the edges of 

the octahedral layers (H2Ocoord) and zeolithic water in the channels (H2Ozeol), hydrogen-

bonded to coordinated water molecules. 

2.2 Functionalization of sepiolite 

To improve mechanical performances of sepiolite nanofibers /SEBS films, a new strategy for 

sepiolite functionalization was developed. This strategy based on a two-step reaction is 

presented by the Figure 3. The first step is the sepiolite treatment by APTS to introduce amine 

groups at the filler surface. This silylation reaction is not carried in anhydrous condition and 

the auto-condensation of the silanes units leads to the formation of a multilayer grafting. The 

second step is the functionalization of the sepiolite nanofibers with SEBS chains by reaction 

between the amine groups and anhydride maleic groups of a SEBS-g-MA copolymer. This 

reaction leads to the formation of an amide group and so to a covalent bond between the 

sepiolite surface and the SEBS chains. 

 

Figure 3: Functionalization of sepiolite nanofibers by a 2 steps procedure. 

 



2.2.1 Functionalization of sepiolite by amino groups (S2) 

Into a 250 ml flask fitted with a condenser were introduced 10 g of sepiolite Pangel S9 (S1),  

1 g (4.5×10
-3

 mol) of (3-aminopropyl)triethoxysilane (APTES) and 100 ml of an 

ethanol/water (90/10) solution. The mixture was then stirred and heated at solvent reflux for 

15 hours. The mixture was next centrifuged (speed: 5000 rpm) to eliminate the liquid phase 

and washed three times with acetone. Finally, the obtained sepiolite S2 was dried under 

vacuum before characterization. 

2.2.2 Functionalization of sepiolite by SEBS polymer chains (S3) 

Into a 250 ml flask fitted with a condenser were introduced 10 g of filler, 1 g of SEBS-g-MA 

and 100 ml of toluene. The mixture was then stirred and heated at solvent reflux for 15 hours. 

The mixture was next centrifuged (speed: 5000 rpm) to eliminate the liquid phase and washed 

two times with toluene and acetone. Finally, the filler was dried under vacuum before 

characterization. 

2.3 Preparation of the SEBS formulations for the dip coating process 

In a first step the SEBS elastomer was dissolved in toluene under vigorous stirring. When the 

polymer dissolution is complete, sepiolite (S1, S2 or S3) and SEBS-g-MA can be added. The 

different formulations tested in this study are summarized in Table 1. 



Table 1: Composition of the different formulations used for the dip coating process. 

Formulation SEBS Thermoflex 

10H730 

(wt%) 

Sepiolite S1, 

S2 or S3 

 

(wt%) 

SEBS-g-MA 

Kraton FG1901X 

(wt%) 

Toluene 

 

 

(wt%) 

SEBS 15 - - 85 

SEBS/S1 14.85 0.15 - 85 

SEBS/S2 14.85 0.15 - 85 

SEBS/S2/SEBS-g-MA 14.85 0.14 0.01 85 

SEBS/S3 14.85 0.15 - 85 

2.4 Dip coating process 

2.4.1 Description of the dip-coating apparatus 

The machine allows preparing SEBS films from the different formulation prepared (Table 1). 

The process can be divided in three different steps (Figure 4). In a first time, the glass pipe is 

dipped in the SEBS formulation with a controlled speed. Then, when the lower limit position 

has been reached, the tube is removed at controlled speed and acceleration. Finally, the tube is 

put in a horizontal position and rotated during a given time to dry the SEBS film. The 

different parameters of these three steps define a cycle. The type and number of the cycles 

affect the quality of the obtained elastomer films. 

The dip-coating machine is composed of several electric motors and sensors. The global 

process is the combination of different operations and for each a motor (Servo HITEC HS-

805MG with a torque of 24.7 kg/cm for 6.0 V, 25 rpm and maximal speed of 2 cm/s) using a 

PIC microcontroller (Microship) is used to obtain a specific displacement. The first one is a 

DC motor which drives a ball screw to obtain a vertical displacement of the tube. The second 

one is a servomotor which allows the tube to switch from a horizontal to a vertical position. 

The third one is a DC motor which allows the rotation of the tube via a pulley-belt system. 

The different sensors (Honeywell) allow the control of the vertical movement and the 

horizontal position of the tube. 



 

Figure 4: Dip coating procedure for the formation of the SEBS films. 

To obtain a SEBS film, the apparatus is programed with values of rate of descent, rate and 

deceleration of ascent, duration for the dry step and number of cycles. 

As a comparison, SEBS was also cast-calendared with a laboratory-scale extruder Polylab 

system composed of a HAAKE RheoDrive4 motor coupled with a HAAKE Rheomex 

19/25 OS single screw extruder with a Maddock mixer equipped with a flat die. Films of 0.4 

mm thick are obtained. 

2.4.2 Effect of acceleration on the thickness of the SEBS films 

The first tests showed that the obtained films did not present the same thickness throughout 

their length. To reduce these differences of length different values for the deceleration 

parameter were tested. Figure 5 shows the influence of deceleration value on the thickness 

gradient for the obtained film. 

 



Figure 5: Thickness gradient (µm/cm) as a function of the velocity gradient (mm/min²) for a SEBS/S1 

formulation. 

 

The lower thickness gradients were obtained with values of deceleration between 25 mm/min² 

and 30 mm/min². These velocity gradients correspond to values of thickness gradient about 

5µm/cm. 

2.4.3 Number of cycles 

For a given formulation the number of cycles determines the thickness of the obtained film. 

The measures of thickness were obtained with a Micrometer and the uncertainties were 

estimated on 5 samples. The formulations used for this study give a layer with a thickness 

about 100 µm for each cycle. For this study, the number of cycles was fixed at 5 for an overall 

thickness of 500 ± 50 µm for the obtained films. 

2.4.4 Effect of the concentration of the SEBS formulation on the thickness of the obtained films 

The SEBS concentration of the formulation used for the dip coating process is directly related 

to the thickness on the obtained film. Figure 6 presents a linear evolution of the film thickness 

in function of the SEBS concentration. 

 

Figure 6: Thickness of the obtained film as a function of the SEBS concentration. 



2.5 Characterizations 

2.5.1 Thermal characterization 

Thermal characterization was carried out by thermogravimetric analysis (Perkin Elmer Pyris-

1 instrument) on 10 mg of samples, under nitrogen. Samples were first heated at 10°C/min 

from 25 to 110°C, followed by an isotherm at 110°C for 10 min, in order to evacuate all 

adsorbed water molecules. They were then heated again from 110 to 900°C, at 10°C/min, in 

order to eliminate the grafted groups. 

2.5.2 FTIR characterization 

IR spectra were measured using a Bruker IFS66-IR Spectrometer at room temperature, where 

32 scans at a resolution of 4 cm
-1

 were signal averaged. 

2.5.3 XRD characterization 

Morphologies were analyzed using a Bruker D8 diffractometer using CuKα radiation. Data 

were collected between 2 and 33° by step of 0.02° using an X-ray generator with =0.15406 

nm and at 40 kV operating voltage and 20 mA current. 

2.5.4 TEM characterization 

The morphology of composites was examined by transmission electron microscopy (TEM). 

Samples were cut using a LEICA UC7 ultramicrotome at -156°C. Sections of approximately 

70 nm were observed with a PHILIPS CM 120 TEM at 80 kV. 

2.5.5 Mechanical Properties 

Cyclic tensile tests and monotonic tear strength tests were performed at 23°C on a ZWICK 

TH010 universal testing machine with a load cell capacity of 500 N at a speed of 500 

mm/min. 

Five specimens used for tensile and tear analyses were cut from the films obtained by the dip 

coating process (Figure 6). Note that for the tear strength samples, the dimensions given by 

the French standard (NF EN 12310) [28] were divided by two because of the sizes of the films 



produced by the dip coating procedure. Tensile samples were submitted to successive load / 

unload cycles at an elongation of 300%, 450% and 600% (8 cycles in each cases), and a final 

load up to fracture (Figures 7 and 8). Stress at the first load at 600% is evaluated, as well as 

the stress and elongation at break. The elastic modulus is taken as the slope of initial tangent 

to the stress/strain curve at the first load. 

 

Figure 7: Shape of the samples used for (left) the cyclic tensile and (right) tear strength tests                          

(values in mm, grey areas are placed between clamps). 

 

Figure 8: Loading program for cyclic tensile tests. 

Let Wi be the elastic strain energy density of the i
th

 load, and H8 the elastic strain energy 

released after the last unload (Figure 9). A relative stabilization ratio (SR) is calculated using 

Equation 1 and characterizes the Mullins effect. A low value of SR corresponds to a low 

stress softening. A relative viscoelastic ratio (VR) is also determined from the last cycle using 



Equation 2 and quantifies the viscoelasticity of the stabilized material. Ideally, a low (VR) 

ensures a quasi-elastic behavior of the material. 

 

Figure 9: Elastic strain energy densities stored and released during load/unload cycles of elastomeric 

material. 

 

Equation 1 :   

Equation 2 :  

The tear strength (T) as defined in the French standard NF EN 12310-2 and the dissipated 

surface energy to initiate and propagate the crack (Edis) are also evaluated for all specimens 

(Equation 3 and Equation 4). These parameters are obtained by dividing respectively the 

maximal strength (Fmax) by the thickness (e) and the dissipated energy (Wdis) by the cross 

section (S), which is the area of the resistive ligament of the tear strength samples (Figure 7),  

in order to compare the samples (Figure 10). 

Equation 3 :  

Equation 4 :  



 

Figure 10: Tear strength and surface dissipated energy. 

3. Results and discussions 

3.1 Surface modification of sepiolite nanofibers 

 

In order to check to what extent sepiolite has been modified, S1, S2 and S3 samples have 

been characterized by TGA and IR spectroscopy. 

As detailed by several authors [29-30], the heating of pristine sepiolite reveals a multi-step 

dehydration process, corresponding to the loss of zeolitic water first and then of coordinated 

water. The zeolitic water is lost in one step, between room temperature and 100°C, while the 

coordinated water is lost in two steps, between 100 and 300°C first and then between 300 and 

600°C. Another step is then observed, from 800°C, corresponding to the dehydroxylation of 

sepiolite anhydride which loses its structure, resulting in the formation of enstatite and silica. 

Thermal characterization of pristine sepiolite and both modified sepiolites was carried out by 

TGA, following the protocol described in the experimental section. The isotherm step at 

110°C was used to dry samples so as to avoid any disturbance of the results by the weight loss 

due to the zeolitic water (Figure 11a). During this step, pristine sepiolite undergoes a 6% 

weight loss (zeolitic water loss). In the case of organo-modified sepiolites the weight loss is 

lower compared to pristine sepiolite: 4.1 and 2%, respectively. This can be explained by (i) a 

lower amount of zeolitic water in the organo-modified sepiolite and/or (ii) the increase of the 

molecular weight of modified sepiolite due to the presence of organic molecules. Considering 



that all the samples are in the same hydration state after the first step (loss of the zeolitic 

water), the comparison of their behavior between 110 and 900°C (Figure 11b) allows 

checking to what extent the sepiolites have been modified. The first two steps observed, 

between 110 and 800 °C on Figure 11b, for pristine sepiolite (straight line) corresponds to a 

weight loss of 7.4 wt%. They can be attributed to the loss of coordinated water (dehydration). 

Then, after 800 °C, dehydroxylation occurs. Between 110 and 800 °C, the modified sepiolites 

show significantly different behaviors from that of pristine sepiolite but also one from the 

other. Their behavior is however similar to that of pristine sepiolite above 800 °C, probably 

corresponding also only to dehydroxylation. Between 110 and 800°C the total weight loss of 

S2 and S3 samples is respectively 10.2 and 18.4 wt%, i.e., 2.8 and 11 wt% more than that of 

pristine sepiolite. This is a first indication that the sepiolites have been modified. Furthermore, 

the more significant weight loss for S3 occurs between 380 and 400°C corresponding to the 

same thermal degradation than pure SEBS-g-MA (Figure 11b). 

In order to prove the grafting of the SEBS chains at the surface of sepiolite, the S3 has been 

analyzed by FTIR spectroscopy and its spectra compared to that of SEBS and SEBS-g-MA 

polymers (Figure 12). The modified sepiolite spectrum shows the presence of a signal 

between 2830 and 2990 cm
-1

 (Figure 12a) characteristic of the SEBS chains which can be 

observed for the spectra of SEBS and SEBS-g-MA. A signal centered at 1660 cm
-1

 can also 

be observed for the S3 sample (Figure 12b) and was attributed to the amide and imide 

functions formed after reaction between the amine functions of the S2 sample and the 

anhydride functions of the SEBS-g-MA chains. This signal which does not appear for the 

SEBS and SEBS-g-MA polymers proves the grafting of the SEBS chains by the formation of 

a covalent bond.  
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Figure 11: TGA under nitrogen of S1, S2 and S3 samples, (a) from 25 to 110°C at 10°C/min followed by 

an isotherm at 110°C for 10 min, (b) from 110 to 900°C at 10°C/min. 
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Figure 12: ATR-FTIR spectra of SEBS, SEBS-g-MA and sepiolite/APTES/SEBS-g-MA (S3) samples. 
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3.2 Characterization of the nanocomposites 

3.2.1 WAXD studies in low angle range 

 

Nanocomposites were analyzed by XRD in order to estimate the extent of clay dispersion in 

the SEBS matrix. XRD patterns for nanocomposites filled with 1 wt% of neat and different 

modified sepiolite grafted SEBS into SEBS matrix (S1, S2, S3) in comparison with pristine 

sepiolite are showed Figure 13. 

 

 

Figure 13: X-ray scattering patterns of neat sepiolite (S1) and modified sepiolite non-grafted (S2) and 

grafted SEBS (S3) into SEBS matrix with respect to pristine sepiolite. 

 

The interlayer distance d110 for the pristine clay is 12.20-12.40 Å [31] for a peak in the range 

of 7.2–7.4° (2θ). In contrast, dispersed hybrids exhibit almost no distinct features in this 2θ 

range except a left displacement of this 110 peak from 7.26° to 6.39° corresponding to an 

interlayer distance of 13.82 Å (S3). Despite this shiftless, in the present case, a very low 

definite diffraction pattern is an evidence for high degree of dispersion of sepiolite in the 

matrix when modified sepiolite is carried out. Actually, the fact to chemically organo-modify 

sepiolite (S2) then to graft S2 with SEBSgma (S3) highlights this decrease of the definite 

diffraction pattern. This is in well accordance with the observation made by Benlikaya et al. 

and by Roy et al. [32-33]. Unlike other clay based-montmorillonite (MMT) [34], where 



individual tetrahedral and octahedral layers can easily be separated, sepiolite exhibits a 

structure where individual TOT (tetrahedral octahedral tetrahedral) layers are strongly 

bonded. Unlike smectite clays, here fiber bundles or aggregates get separated into nanometer 

dimension when these fillers are dispersed into the polymer matrix. Relative dispersion of the 

clay refers to a good isolation of the individual fibers from each other. As shown in the Figure 

13, almost disappearance of the 110 peak of sepiolite in XRD patterns of nanocomposites is 

considered as an evidence for good dispersion of the main fraction of sepiolite fibers within 

SEBS matrix. In spite of our best efforts by various techniques, the layers in sepiolite could 

not be separated earlier. But in the case of in situ synthesis of nanocomposites, greater extent 

of dispersion is achieved. 

3.2.2 TEM studies  

A reasonably good dispersion of neat sepiolite is observed in SEBS (Figure 14a), with few 

clusters of higher density of particles (dark phases) and aggregates of size 0.2-0.5µm (dark 

needles). In SEBS/S3 sample, bigger aggregates (1µm) can be observed, while the dispersion 

of sepiolite in clusters is good (Figure 14b). Clusters are fewer in number but larger in size. 

The surface modification of sepiolite seems to be in favour of this clustering effect and this is 

confirmed by the XRD decrease of peak intensity showing a more important 

amorphous/crystalline sepiolite ratio. Regardless of these clusters, a homogeneous zone is 

indicative of a good dispersion of sepiolite. 

To the authors, such phenomenon has not been reported yet, but could be explained by a 

competition of affinity between the SEBS grafted molecule and the SEBS matrix which 

should lead to a good dispersion of sepiolite or another SEBS grafted molecule which lead to 

a clustering effect. 



    

                                                      a)  S1                                                                     b) S3 

Figure 14: TEM images of neat sepiolite (S1) and SEBS grafted sepiolite (S3) into SEBS matrix. 

3.3 Mechanical properties 

 

Figure 15 and Figure 16 display the shape of typical stress/strain curve and tear 

strength/displacement curve respectively. All the data are gathered in Table 2 and Table 3. 

Concerning the processing, casted and dip-coated SEBS properties can be compared. It 

appears that dip-coating provides SEBS the ability to be more deformable and flexible at a 

low stress with a moderate Mullins effect and viscous behavior. Moreover, the resistance to 

tear of the dip-coated SEBS is greatly improved compared with the casted SEBS. 

If we compare the formulations obtained by dip-coating process, it can be noted that the 

incorporation of untreated sepiolite (S1) contributes to an improvement of the tear strength 

and the dissipated energy but also to an increase of the Mullins effect and a decrease of the 

ability of the elastomer to deform. The introduction of amine groups on sepiolite surface (S2) 

without additional interfacial agent slightly improves the resistance to tear of the material, 

from 3.3 N/mm (pristine SEBS) to 3.7 (S2) but the mechanical properties, as stress at 600%, 

ultimate stress and strain, are still degraded. 

 



 

Figure 15: Typical stress/strain curves for tensile cyclic loading. 

Adding SEBS-g-MA to S2 sepiolite allows preserving the initial behavior of SEBS (no 

significant differences in VR, SR, ultimate stress and strain values) while significantly 

improving tear strength and energy dissipation. As expected an important increase in 

resistance to tear is observed for SEBS with grafted sepiolite (S3), but sadly it is also 

responsible for an important increase in the Mullins effect. The increase in ultimate stress 

(crystallization phenomenon) is not an issue since the stresse at 600% is not impacted. 

However, observed improvements with grafted sepiolite could be further improved by 

considering a better dispersion of sepiolite in the matrix. The elastic modulus is not strongly 

impacted by the filler or its treatment. 

 

Table 2 : Values of VR, SR, stress at ε=600%, and ultimate stress and strain for the SEBS formulations. 

 

 

 

 
SR (%) VR (%) 

Stress 600% 

(MPa) 

Ultimate 

stress (MPa) 

Ultimate 

strain (%) 

Elastic modulus 

(MPa) 

SEBS 25.9±1.5 11.5±0.9 0.19±0.02 2.6±0.2 2060±30 0.27±0.01 

SEBS/S1 33.1±0.6 9.9±0.2 0.19±0.01 2.0±0.5 1940±80 0.29±0.03 

SEBS/S2 37.2±0.2 11.2±0.1 0.17±0.01 2.1±0.3 1920±40 0.27±0.02 

SEBS/S2/SEBS-g-MA 28.2±0.3 11.4±0.1 0.18±0.04 2.3±0.5 1890±90 0.29±0.04 

SEBS/S3 39.1±1.0 6.8±1.0 0.17±0.01 
2.9±0.1 1980±60 0.28±0.02 

SEBS cast 49.9±0.8 14.2±0.3 0.68±0.01 
3.4±0.2 1630±40 0.45±0.02 



 

Figure 16: Typical tear strength/displacement curves for SEBS formulations. 

 

Table 3 : Values of tear strength and dissipated energy for the SEBS formulations. 

 
Tear strength (N/mm) 

Dissipated energy 

(mJ/mm
2
) 

SEBS 3.3±0.1 66±1 

SEBS/S1 4.1±0.5 69±10 

SEBS/S2 3.7±0.2 70±5 

SEBS/S2/SEBS-g-MA 4.0±0.1 84±3 

SEBS/S3 4.2±0.2 93±7 

SEBS cast 2.9±0.1 10±2 

 

The whole results are summarized Figure 17. However, it is important to note that these 

improvements attributed to the functionalization process of the sepiolite can be further 

improved by a better dispersion of sepiolite in the matrix.  

 



 

Figure 17: Summary of mechanical results for different formulations. 

4. Conclusion 

An ultrahigh tear resistance and elongation rate of the SEBS-matrix nanocomposite elastomer 

with ultra-fine acicular sepiolite nanoparticles as fillers were found in the present study by a 

dip-coating process. The improvement of these performances is not made to the detriment of 

the flexibility and of the elongation at break of the material which remained constant. The 

incorporation of functionalized nanoclay improves the dissipated energy during a tear test by 

40%, without impacting significantly the stabilization and viscosity rates of pure SEBS. This 

strong increase is the result of a new process of stoichiometric compatibilisation of the 

sepiolite with the agent of interface (SEBS-g-MA) then the incorporation of the 

functionalized nanoparticles within the matrix SEBS. The linear chains of SEBS matrix 

material were cross-linked through ultra-high surface energy of the acicular sepiolite 

nanoparticles. These crosslinked SEBS structures resulted in the high fixation strength 

between SEBS molecular chains and nano-sepiolite particles by a larger number of additional 

cross-link junctions; it led to a quasi-identical elastic and plastic deformation behavior of the 

composites when comparing with pure SEBS polymer. 
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