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Abstract: - Presented work deals with the evaluation of the connection between the shape of (nano)filler and the 

polystyrene (nano)composites. Fillers and nanofillers with various type of particles (spherical, tubes, layered…)were 

chosen for the preparation of PS composites and nanocomposites. All samples were prepared by the compounding i.e. 

by the mixing in the melt of PS. Morphology and the level of distribution was evaluated by XRD and TEM. Next 

flammability and mechanical properties were observed. The best result was achieved with the layered mineral 

nanofiller Cloisite Na+. 
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1   Introduction 
Clay/polymer nanocomposites including polystyrene 

(PS) ones have been studied extensively during the last 

two decades, because they are supposed to obtain 

improved properties in the comparison with the neat 

polymer matrix [1-6]. Polystyrene is a commonly used 

polymer with various applications, e.g. insulation, 

packaging, in household and in automotive industry. 

This is the reason why polystyrene composites and later 

nanocomposites were studied because of the possibility 

of PS properties improvement [7-11].  

The main problem of polystyrene is high flammability 

with generation of large amounts of carbon black and 

low thermal stability [12-16].  

Nowadays the solution of this problem of high PS 

flammability is performed by the use of several types of 

additives, mainly having the chemical effect. 

Unfortunately, many of them are toxic and step by step 

they became banned from using as flame retardants. This 

is a reason why there is an on-going effort to find the 

new substances capable to substitute the toxic ones [9-

10, 17]. The different way how to lower PS flammability 

does not have to be a chemical one, but a physical one – 

introducing these types of additive which will create 

some physical barrier between oxygen and polymer 

matrix. In case of nanocomposites based on polymer 

matrix and layered clays there is a theory about the 

possibility of lowering the flammability which is caused 

by the layered shape of clay mineral filler, especially 

montmorillonite (MMT). It is believed that exfoliated 

MMT particles homogenously dispersed in the polymer 

matrix are able to create a solid inflammable layer on the 

surface that protects polymer matrix from further 

burning [18-19]. There are other clay minerals, such as 

magadiite or fluorohectorite that have a similar affect on 

the flammability [20-21]. 

Exciting area of research is search for possible synergic 

effect of common types of flame retardants with clay 

nanofillers [22].  

Flammability measurement generally can be carried out 

by several different methods, for example by the 

evaluation of limiting oxygen index, TGA analysis, 

increased oxygen index etc. [14, 19, 23]. The most 

frequent method is a cone calorimetry [9, 17-18].  

This work is focused on the evaluation of the influence 

of size and shape of filler (nanofiller) on the 

flammability and mechanical properties. Various types 

of fillers were tested.  

 

 

2   Experimental 

2.1   Materials 

Commercial polystyrene KRASTEN® 174 from 

SYNTHOS Kralupy a.s., Czech Republic was used as a 

polymer matrix. Unmodified clay CloisiteNa+ (Southern 

Clay Chemistry, US), and organically modified clays 

Nanofil 9 and Nanofil 5 (Südchemie, Germany) were 

used as layered nanofillers. Modified silica Aerosil R 

812 (Degussa) and micromilled calcite OMYA EXH 1sp 

(Calplex) were used as fillers with spherical shape. And 

organosilicate nanotubes Halloysite NT (Sigma-Aldrich) 

were used as nanofiller with the particles in the shape of 

long thin tubes. 
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2.2   Preparation of composites and 

specimens 
Composites were prepared by mixing and compounding 

in a laboratory twin-screw extruder Berstdorff ZE25 

with six heating zones and the L/D ratio being 38. 

Temperature was 170 °C and the speed of the screws 

was 100 rpm. All components for every sample were 

premixed in the laboratory mixer KLAD for 15 min. All 

mixtures were extruded two times. 

In order to prepare specimens for the mechanical 

properties evaluation the pellets were molded according 

to ISO 294–1 at the equipment BATTENFELD 500 

CD+, melt temperature 220 °C, form temperature 45 °C.  

Flammability measurement was performed on the same 

type of specimens as the ones for mechanical properties. 

The dimensions were 127 x 13 x 3,2 mm.   

The XRD measurement was performed on the specimens 

prepared by pressing in a hot press at for 3 min at 210 °C 

followed by cutting of a circle shape. The thickness was 

1 mm.  

 

2.3 Instrumentation 
The level of exfoliation in the prepared samples after 

compounding process was measured by XRD patterns. 

Compounded samples were analyzed by XRD powder 

diffractometer (INEL) equipped with the curved position 

sensitive detector CPS 120 (120° 2θ), reflection mode 

with a germanium monochromator (Cuα1 radiation). 

Samples were placed into holder and exposed for 2000s.  

For the transmission electron microscopy (JEM 

200CX), the specimens were cut using Leica cryo-

ultramicrotome at sample temperature -100°C and knife 

temperature -50°C to obtain ultra-thin sections with the 

thickness approximately 50 nm and an acceleration 

voltage of 100 kV was used.  

The flammability measurement was carried out 

according to STD N 60695-11-10. 

Mechanical properties were measured according to 

ISO 527-2/1A/X on the Zwick 145665. All presented 

data are the arithmetic average taken from 10 

measurements. 

The impact strength measurement was done 

according to ISO 179-2/1eU on the machine Zwick-

Roell with 5 J hammer. Again, all presented data are the 

arithmetic average taken from 10 measurements. 

 

 

3 Problem Solution 
 

3.1 XRD 
The XRD analysis was used for the evaluation of the 

level of MMT exfoliation in the PS matrix in case of 

clay nanofillers Cloisite and Nanofil. The results are 

summarized in the Fig. 1. From the XRD patterns it is 

clear that the highest level of exfoliation was achieved in 

case of Cloisite Na+, where the peak belonging to the 

MMT almost disappeared. Patterns of Nanofils show 

that the significant portion of MMT particles did not 

exfoliate. These results are reflected in the following 

properties. 

 
Fig. 1. XRD patterns of Cloisite and Nanofil/PS 

nanocomposite (layered type of nanofiller). 

 
3.2 TEM 
TEM observation is presented by Fig. 2 A-D. It is 

possible to see that in case of layered fillers for Nanofil 5 

(Fig. 2 C) there was achieved the best dispersion in the 

PS matrix. The worse was found for unmodified Cloisite 

Na+ (Fig. 2A).  In comparison of Nanofil 5 and Nanofil 

9 (Fig. 2 D) samples, picture of Nanofil 5 shows better 

intercalation than the picture of Nanofil 9. However, 

layers are arranged in one direction what means that 

there is no perfect exfoliation. 
Fig 2 B reperesents the picture of the sample of 

Halloysite tubes. It is possible to say that there the filler 

particles are not regularly dispersed.  

 

A) B) 
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C) D) 

Fig 2. TEM pictures: A) Cloisite Na+, B) Halloysite NT, 

C) Nanofil 5, D) Nanofil 9 

3.3 Flammability 
Results of the flammability observations are summarized 

in the Table 1 (visual description) and Fig. 3. Values in 

the graph mean an increase or decrease in the burning 

speed of the specimens according to the filler type. The 

values are expressed as a change (in %) with respect to 

the neat PS matrix (Krasten 174). The reason of this 

form of expression is the differences in obtaining the 

data of compared materials. These values were not 

constant every day but they varied, probably because of 

the environmental conditions (atmospheric press, 

humidity etc.) 

 

Table 1. 

 

 

 

 
The results indicate that the burning speed is higher 

in comparison with the pure PS matrix. From this point 

of view there is no relation with the shape or size of 

filler. The only interesting result was the difference in 

the values for differently modified MMT. Only the 

nanofiller Nanofil 5 brought significant reduction in the 

melt dripping (see Table 1). Other fillers did not cause 

this dripping prevention. It will be a topic of the 

following study whether this effect was caused by higher 

MMT interlayer of Nanofil 5 or if the most important 

factor is the level of exfoliation in MMT particles. 

 
Fig. 3. Flammability – the relative speed of the burning 

 

 

3.4 Mechanical properties 
In the evaluation of mechanical properties and their 

dependency on the size and shape of filler, the tensile 

strength, modulus and impact strength were measured.  
The results are summarized in Figs. 4-6. The values 

of modulus measurement (Fig. 4) show that the modulus 

is the highest in case of layered nanofillers, lower for 

spherical ones and the lowest for nanotubes. Generally, 

the values increase with increasing filler content. At this 

point it is possible to say that there is a connection 

between the modulus and the shape of filler because the 

same shape exhibits similar behaviour and values. 

Filler/loading 1 % 3 % 5% 

Cloisite Na+ The same behaviour as a nonfilled PS - at 

the burning it drips off. No significant 

carbonized residue is present after the 

body burns. 

Nanofil 5 Dripping 

off of the 

melt is 

slower. 

Partly 

creation of 

carbonized 

residue. 

The melt 

does not 

drip off. 

The 

carbonized 

residue is 

created. 

The melt 

does not drip 

off. 

Carbonized 

skeleton rests 

on the raster 

after PS 

burns. 

Nanofil 9 The same behaviour as a nonfilled PS - at 

the burning it drips off. No significant 

carbonized residue is present after the 

body burns. 

Micr. 

Ca2CO3 

The same behaviour as a nonfilled PS - at 

the burning it drips off. No significant 

carbonized residue is present after the 

body burns. 

Silika 

(Aerosil) 

The same 

behaviour 

as a 

nonfilled 

PS - at the 

burning it 

drips off. 

No 

significan

t 

carbonize

d residue 

is present 

after the 

body 

burns. 

Dripping 

off of the 

melt is 

slower. 

Partly 

creation of 

carbonized 

residue - 

not so 

significant 

as in case 

of Nanofil 

5. 

Significantly  

slower 

dripping off of 

the melt. The 

carbonized 

residue is 

created  – not 

so significant 

as in case of 

Nanofil 5. 

Halloysite 

nanotubes 

The same behaviour as a nonfilled PS - at 

the burning it drips off. No significant 

carbonized residue is present after the 

body burns. 
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Fig. 4. Mechanical properties – modulus 

 
The evaluation of tensile strength brought a little bit 

different data. Firstly, the values decrease with 

increasing filler content. This fact could be expected by 

worse exfoliation at the higher loading caused by the 

tendency of filler particles to agglomerate. The highest 

tensile strength was found for Cloisite Na+ which 

showed the best exfoliation (see XRD). In fact only 

composites containing this filler showed increase in 

tensile strength with increasing filler content (in the 

range 1-2 wt%). 

 

 
Fig. 5. Mechanical properties – tensile strength 

 

 
The similar result to the tensile strength measurement 

was obtained in case of the evaluation of the impact 

strength. Again the best results were found for the 

sample PS/Cloisite Na+. In contrast to the previously 

discussed property in this graph all curves have the 

decreasing tendency with the increasing filler content.  

All other fillers exhibited significantly lower values of 

impact strength. This again can be explained by the 

lower level of exfoliation.  

 

 
Fig. 6. Mechanical properties – impact strength 

 
 

 

4 Conclusion 

 

 
Samples of polystyrene composites containing fillers 

with various size and shapes of the particles were 

prepared. The concentration of fillers was from 1 to 5 

wt. %. The influence of the size, shape and concentration 

on flammability, barrier and mechanical properties was 

studied. 

TEM observation confirmed intercalation and partial 

exfoliation of layered nanofillers. 

Flammability study did not show any connection 

between the size and shape of the filler particles and the 

flammability. None of the investigated fillers decreased 

the flammability significantly. The only interesting result 

was found for Nanofil 5 when the melt dripping was 

reduced. 

Mechanical properties exhibited the connection of 

shape and size vs. properties only for the evaluation of 

modulus where the highest data were found for the 

layered fillers. Also the values of tensile strength and 

impact strength are the highest for the layered type of 

filler, however, spherical particles and particles with 

other shape exhibited lower mechanical properties. 

To sum up, the most significant effect on of filler on 

measured properties was found for the layered type of 

nanofiller Cloisite Na+. 
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