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Abstract 

Two organic modified clays (Cloisite®30B (CL30B) and PCL /Cloisite®30B 

masterbatch (MB30B)) were used to improve the mechanical properties of polycarbonate 

(PC)/poly (styrene-co-acrylonitrile) (SAN) blends. Transmission electron microscopy 

(TEM) and X-ray diffraction (XRD) measurements of the melt blended nanocomposites 

revealed that partially exfoliated and partially degraded structure was obtained and the clay 

platelets were located mostly in the SAN phase and at the two-phase boundary. Dispersion 

of the clay platelets is better when MB30B were used. The mechanical properties of the 

clays filled nanocomposites vary accordingly and when MB30B is used better mechanical 

properties can be achieved. Tensile strength increases 41% at maximum as the CL30B 

loading is 5wt%, while elongation at break decreases dramatically. Impact strength can be 

improved up to 430% compared to the pure blend when 1wt% MB30B was used.  

 

Keywords: A. Nano composites, A. Polymers, B. Mechanical properties, E. Extrusion 

 

1 Introduction 

Polymer-layered silicate nanocomposites (PNCs) are composite materials in which 

small amount of mineral clay particles with a thickness in the nanometer range are 

dispersed randomly and homogeneously in a polymer matrix[1-5]. Due to high specific 

surface area of the dispersed nanoparticles, mechanical, thermal and barrier properties of 

the filled nanocomposites can be enhanced compared to the ones of pristine polymers[6, 

7]. The challenge in preparing high performance PNC is to efficiently delaminate the clay 

sheets and disperse the sheets properly in the polymer matrix. Solvent intercalation, in situ 
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polymerization intercalation and melt blending are the most popular methods to 

incorporate the layer crystal to the host polymers [6, 7] . From an application point of view, 

the latter is of higher importance than the others and therefore it is often used in industry. 

Only in a few cases, one can obtain fully exfoliated and well dispersed clay sheets in a 

polymer matrix, for example in Nylon-6-organoclay nanocomposites [6, 7] .   

In the case of polymer blend nanocomposites (PBNCs), the ultimate properties of 

PBNCs are strongly influenced by the domain structure, size, and interfacial interaction 

[8-15]. During the addition of clay into the polymer blend system, the coalescence of the 

droplets can be suppressed if the clay platelets are located at the phase boundary of the two 

polymers[16]. Meanwhile, the interfacial interaction between the immiscible phases can be 

enhanced. 

In the present work we focus on the influence of two organic modifications of the clay 

surface and of the clay loading on the structure and mechanical properties of 

nanocomposites based on PC/SAN blends. Because incorporation of organo-modified clay 

into bisphenol A polycarbonate [17] and poly(styrene-co-acrylonitrile)[18]  was found to 

form a highly exfoliated structure, we believe the clay platelets may locate at the phase 

boundary of the blend components when incorporated under certain conditions and 

enhance the interfacial strength. For this purpose, PC/SAN PBNCs have been prepared by 

melt blending. The structure and mechanical properties of these nanocomposites were 

systematically studied by microscopy, scattering and mechanical test methods.  

 

2 Material and methods 

2.1 Materials 
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SAN, having an acrylonitrile content of 25 wt%, weight average molecular weight 

( Mw ) of 1.7×105g/mol, was purchased from Sigma-Aldrich, Germany. Two kinds of 

bisphenol A polycarbonate, with different melt indices of 7 g / 10 min (300°C / 1.2 kg) 

(LPC) and 10-12 g / 10 min (300°C / 1.2 kg) (HPC) were obtained from Sigma-Aldrich 

too. Weight average molecular weights of 5.4×104 g/mol (HPC) and 6.1×104 g/mol (LPC) 

were obtained from GPC measurements using polystyrenes as standards. Cloisite®30B 

(CL30B) from Southern Clay Products (Texas, USA) is a commercial montmorillonite 

organo-modified with bis-(2-(hydroxyethyl) methyl (tallowalkyl) ammonium cation. PCL 

/Cloisite®30B masterbatch (MB30B) were prepared by in situ polymerization of 

ε-caprolactone in supercritical carbon dioxide [18, 19]. The inorganic fractions of CL30B 

and MB30B are 80wt% and 53wt% respectively. The number average molecular weight 

( Mn ) of PCL in MB30B is 1.5×103 g/mol determined by GPC using polystyrene as 

standard. These short PCL chains are not able to entangle with the SAN matrix chains [18]. 

PC/SAN PBNCs with clay loading of 1wt%, 2wt% and 5wt% were prepared, in which the 

weight fractions of clay are related to naked clay.  For MB30B PBNCs the 5wt% 

composition is missing since the specimen is too brittle and cannot be shaped. 

 

2.2 Melt-blending process 

PC was dried at 120°C under vacuum for more than 8 hours. SAN was dried at 100°C 

under vacuum for more than 4 hours. CL30B and MB30B were used as received. The clays 

were melt blended with the molten HPC/SAN 7/3 (LPC/SAN 7/3) matrix in a mini-twin 

screw extruder (DSM, Netherlands) at a barrel temperature of 230°C (240°C for LPC/SAN 

7/3), screw rotation speed 50 rpm for 5 min. Specimens for tensile and impact test were 
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injection molded and the mould temperature was 100°C.   

 

2.3 Characterization 

XRD spectra were obtained in a Rigaku D/max2500 powder diffractometer from 2° to 

10° at room temperature using CuKα radiation. 

The tensile properties of all the specimens had been measured in accordance to 

standard ASTM D638 in a Zwick/Roell tensile tester at a test speed of 10mm/min at 25°C. 

Charpy impact properties were measured in Zwick/Roell impact tester at 25°C. At least 5 

specimens were used for each test. The average values and the errors were calculated. The 

morphology of the PBNCs was observed by TEM (Tecnai G2 F20, 200kV, bright field 

mode). Ultrathin specimens were prepared by an ultramicrotome (Reichert Jung) and used 

without staining because the contrast between different components was high enough.  

 

3 Results and discussion 

3.1 Morphology 

For both kinds of clays used here, most of the clay platelets are located in the SAN 

minority phase and in the phase boundary of PC/SAN blends. Figure 1 shows the TEM 

images of HPC/SAN 7/3 blend containing 1 wt% MB30B, which clearly indicates that 

most of the clay particles are well dispersed in the SAN matrix although some formed 

primary particles with dimensions in the micrometer range. Part of the clay platelets locate 

around the two-phase boundary of PC and SAN, as it is clearly shown in figure 1(a) and 

(b). One to several platelets is separated from each other (their lengths range from 100nm 

to 300nm); while some other clay platelets are still aggregated in primary particles. In 
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figure 1 (c), exfoliated clay platelets can be clearly observed while stacked clay structure is 

observed in figure 1 (d). Figure 2 shows the TEM images of HPC/SAN 7/3 PBNCs with 

both modified and unmodified fillers and different filler loading. The dispersed SAN 

domains appear darker than the PC matrix. From figure 1 and 2, it is clear that all the 

PBNCs have similar structures: clay particles are located in the SAN domains and two 

phase boundary; partial exfoliation structure exists at least in the MB30B PBNCs.  

Figure 3 shows the XRD patterns of HPC/SAN 7/3 blends, CL30B, MB30B and their 

PBNCs. The XRD results show that there is one peak in PBNCs filled with CL30B except 

HPC/SAN 7/3 blend with 5wt% CL30B. The interlayer distance of PBNCs corresponding 

to high 2θ values decreases from 1.8 nm to 1.5 nm compared to that of pure CL30B. The 

intensity of PBNCs at 1.5 nm is high compared to the intensity of pure Cl30B at 1.8 nm 

because the XRD profiles of PBNCs were obtained from the skins of the injection-molded 

bars. The alignment of the clay particles in the skin is expected to enhance the reflection 

peak height[20, 21]. 

The XRD signals at 3.7 nm of HPC/SAN 7/3 5wt% CL30B and HPC/SAN 1wt% 

MB30B are probably fake signals which may come from the incident beam instead of the 

basal reflections arising from the layered silicates because the detector is too close to the 

incident beam. The broad and very weak peak (shoulder) of HPC/SAN 7/3 5wt% CL30B 

XRD profile near 2θ=3.5° is visible, which is  typical for a disordered system with partial 

exfoliation structure[18]. In the PBNCs filled with 2wt% MB30B there are two diffraction 

peaks corresponding to interlayer space values of 1.5 nm and 3.0 nm (the interlayer space 

for pure MB30B is 3.2 nm). The decrease in interlayer space may be caused by the 

degradation of the organic component of the filler during processing[22]. The more 
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pronounced diffraction peak at low scattering value in MB30B filled PBNCs implies that 

in MB30B there remains more undegraded clay that that in CL30B. 

 

3.2 Mechanical properties 

Compared to HPC/SAN 7/3 blends, Young’s modulus of HPC/SAN 7/3 CL30B 

PBNCs increased by 4%, 11% and 41% on average when the clay loading increased from 1 

wt %, 2 wt % to 5 wt %, respectively (see figure 4(a)). This is because the increase of clay 

loading led to an increase of exfoliated component in the SAN phase probably due to the 

increase in shear forces during extrusion. The increase in exfoliation enhances the total 

interaction between the clay platelets and polymer matrix. However, elongation at break of 

the same materials decreased from 91%, 36% and 4% at the same time. 

When comparing different clays, Young’s modulus of HPC/SAN 7/3 MB30B PBNCs  

(2 wt % clay loading) increased by 15% which was slightly more than HPC/SAN 7/3 

CL30B PBNCs (2 wt % clay loading), which was caused by better dispersion of MB30B 

(see figure 4(b)). The elongation at break of HPC/SAN 7/3 MB30B PBNCs and HPC/SAN 

7/3 CL30B PBNCs decreased as the clay content increased. Again, PBNCs filled with 

MB30B obtained better elongation at break results due to the fact that the dispersion of 

filler was better. 

For LPC/SAN7/3 PBNCs, qualitatively similar results were obtained and therefore are 

not discussed further. 

Charpy impact properties showed that the maximum increase of impact strength was 

obtained when the clay loading was about 1 wt % (see figure 5). Then the impact strength 

tended to decrease as the clay loading increased. The maximum impact strength obtained 



 - 8 - 

in HPC/SAN 7/3 1 wt % MB30B PBNCs was about 430% higher than the value 

corresponding to the pure HPC/SAN blend. Note that when 1 wt% of MB30B was filled 

into HPC/SAN 7/3 blends the impact strength increases dramatically while the Young’s 

modulus increases slightly and the elongation at break remains close to that of the pure 

blend (91% of pure blend).This may be caused by better dispersion of clay platelets that 

leads to an increased amount of platelets located at the phase boundary. As the clay loading 

increased further, the defects introduced by the filler in the system also increase which 

leads to a decrease of the nanocomposites’ toughness. The influence of PCL on the 

mechanical properties of PC/SAN 5/5 blend was reported by Kim[23]. The Notched Izod 

impact properties can be improved only when the PCL content is higher than 20wt%. The 

PC/SAN composition 7/3 in our work is different from the composition 5/5 in the 

publication, and the PCL content needed to improve the impact properties of PC/SAN 7/3 

should be different. In HPC/SAN 1wt% MB30B PBNCs, the PCL content is only 0.89wt% 

which is too small to have such a huge toughening effect on HPC/SAN 1wt% MB30B 

PBNCs. 

 

4 Conclusions 

From this study, no significant differences in the morphology were observed for the 

two kinds of clay used, since all the clay platelets located mainly in the SAN phase and at 

the phase boundary of PC/SAN blends. Partially exfoliated structures were found in these 

nanocomposite materials which were verified by TEM and XRD measurements. Young’s 

modulus tended to increase when the clay loading increased. MB30B clay, which has a 

larger amount of organic component, can disperse better in the matrix and enhances tensile 
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properties and impact strength better than CL30B clay. The impact strength of MB30B 

filled PBNCs can be dramatically increased when the clay loading is about 1wt%, while 

Young’s modulus and elongation at break remain in the same level of the pure blends. This 

can extend the potential application of PC/SAN based nanocomposites. 
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Figure captions 

 

 

Figure 1. TEM images of HPC/SAN 7/3 1wt% MB30B at different magnifications 
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Figure 2 TEM images of (a) HPC/SAN 7/3 1wt% CL30B;(b) HPC/SAN 7/3 1wt% MB30B; 
(c) HPC/SAN 7/3 2wt% CL30B; (d) HPC/SAN 7/3 2wt% MB30B; (e) HPC/SAN 7/3 
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Figure 3 XRD patterns of: (a) HPC/SAN 7/3 CL30B PBNCs; (b) HPC/SAN 7/3 MB30B 
PBNCs. 
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Figure 4 Tensile properties as a function of clay content of: (a) HPC/SAN 7/3 CL30B 
PBNCs; (b) HPC/SAN 7/3- MB30B PBNCs 
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Figure 5 Impact strength as a function of clay content of: (a) CL30B PBNCs; (b) MB30B 
PBNCs 
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