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Abstract 
 
In this study, polypropylene (PP) and maleic anhydride grafted polypropylene (MAPP) are 
respectively blended in 50/50 ratios with EVA to form polymer blends, and wood flour (WF) 
is added at concentrations of 10, 20 and 30% to form PP/EVA-WF and MAPP/EVA-WF 
blend composites respectively.  Thermal (DSC, TGA), dynamic mechanical (DMA) and 
tensile properties of these composite were investigated. EVA/PP and EVA/MAPP blends are 
immiscible as indicated by two melting peaks in the DSC.  From the DSC results it is clear 
that the wood flour is primarily concentrated in the EVA phase of the EVA/PP blends. In the 
EVA/MAPP blends wood flour seems to be in the MAPP phase also, although all indications 
are that the wood flour still preferably goes to the EVA phase. TGA results show that the 
EVA/MAPP blend is more thermal stable than the PP/EVA blend. The EVA/MAPP/WF 
composites are also more thermally stable than the EVA/PP/WF composites. Generally, 
thermal stability decreases with increasing wood flour content. Tensile results show that the 
EVA/MAPP/WF composites have superior mechanical properties, probably because of the 
more even distribution of WF between EVA and MAPP. 
 
Introduction  
 

Polymer blending, which is a very important technique in industrial practices, is 
performed to achieve specific properties such as improved mechanical properties that 
individual materials do not possess [1,2].  Blending polypropylene (PP) with 
poly(ethyleneterephthalate) (PET) is an economic and effective way to improve PP properties. 
PET is used because of its high strength and modulus, while PP has low Young’s modulus 
and this limits its application for shape keeping of garments and for technical fibre 
applications.  Blending the two together will provide composites that have intermediate 
properties of PP and PET. Polymer blending has the following advantages: time saving, 
cheap, easy processability, and specific properties can be achieved depending on the 
composition and preparation methods [1-4]. 

 In general, the usage of PP as one phase in polymer blends is widely favored due to 
its excellent processability and low cost. Jayanarayanan et al [1] studied the morphology, 
static and dynamic mechanical proprieties of in situ microfibrillar composites based on 
PP/PET blends. The blending was carried out in single screw extruder and by injection 
molding.   SEM studies showed that the extruder samples were isotropic, while both phases 
became highly orientated after injection molding. The tensile and impact properties were 
found to be high for injected samples. Dynamic mechanical analysis (DMA) results showed a 
strong influence of the microfibrils on the α and  β relaxation of PP. Lou et al [4] studied 
PP/PET blends with bamboo charcoal to produce functional composites.  Virgin polyester 
(PET) and polypropylene (PP) pellets were first mixed in equal proportions, and then melt 
compounded with the bamboo charcoal powder by a single screw extruder, and then injection 
molded. The morphology and mechanical properties of the blends were investigated. The 
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results show that the mechanical properties of PET/PP (extruded) were better than that of 
PET/PP (injection molded) composites with 10 and 20 % polyester composition. With 30 % 
polyester content, serious phase separation between PET and PP resulted in poor mechanical 
properties of the composites. 

Thermoplastic/thermosetting polymer blends consisting of immiscible PP and Novolac 
resin were prepared by a melt mixing method and carbon black (CB) was used as a filler. The 
CB distribution, conductive mechanism and the relationship between the morphology and the 
electrical properties of the PP/Novalac/CB blend composite were investigated. It was found 
that CB particles preferentially localize themselves in the Novolac phase. The incorporation 
of CB changed the spherical particles of the dispersed Novolac phase into an elongated 
structure. With increasing Novolac content the blend develops into a co-continuous phase 
which forms double percolation and decreases the percolation threshold [5].  

Immiscible PP and polystyrene (PS) were blended together and carbon black was used 
as filler in order to reduce the percolation threshold in PP/PS/CB blend composites. CB was 
found to preferentially localize in the PS phase. However, upon the introduction of styrene 
butadiene styrene (SBS) copolymer, CB showed a high affinity for the polybutadiene section 
of the SBS copolymer, which was localized at the interface between PP and PS [6].   

Thermoplastic olefin blends consisting of PP and elastomeric olefin components have 
also been studied extensively. This blending is usually done in order to improve the toughness 
and the low temperature impact resistance of PP. However, the presence of the elastomeric 
component has a detrimental effect on the stiffness of the material. [7] Inorganic fillers are 
commonly added to the polymer blend in order to increase their stiffness, improve their 
stability and to lower the cost of the material.  Inorganic fillers that have been used in the past 
include CaCO3, talc and silica. With the addition of the filler to the blend, three types of 
microstructure may form depending on the location of the filler: separation dispersion 
structure, where the filler resides in the matrix, encapsulation/core shell structure, where the 
filler partition preferentially in the dispersed phase and a mixture of the above two.  A 
separated microstructure whereby the filler favours the PP matrix without affecting the 
elastomer phase is more desirable when studying thermoplastic olefin blends consisting of PP.  
Organoclay type of fillers was also used as nanofillers in thermoplastic olefin polypropylene 
blends, and their elongation was greatly reduced while their flexural and tensile moduli were 
improved [7-12]. 

In the study of filler addition to polymer blends it was realized that the localization of 
the filler is important in determining the properties and applications of the resulting polymer 
blend composites. The morphology and physical properties of thermoplastic olefin blend 
(TPO) based nanocomposites containing nanosilica were reported by Liu et al [7]. Addition of 
maleic anhydride grafted PP resulted in an improved filler dispersion in the PP matrix, where 
the filler resides exclusively. The addition of nanosilica into TPOs decreased the size of the 
dispersed elastomer phase. Silane modified nanosilica dispersed more effectively in the 
polymer matrix, giving rise to improved impact properties of the TPO composites, compared 
to the unmodified filler.  

 The addition sequence of clay during compounding to control the localization of clay 
was studied by Lee and Goetler [13].  The mechanical properties of the compound were 
significantly improved. In a ternary system of carbon black and two immiscible polymers, 
carbon black was found to have a different affinity to each polymer in the blend; thus it will 
selectively disperse in one of the two phases or accumulate at the interface [6].  

Due to the need for materials having specific properties for specific applications, while 
at the same time being non-toxic and environmentally friendly, the use of natural fibres as 
fillers in polymer matrices is increasing [2,14-18]. Most researchers investigate 
lignocellulosic material instead of synthetic or inorganic materials as fillers.  Dikobe and Luyt 
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[19] and other researchers used wood powder (WP) as reinforcing filler in different polymers 
matrices [20-24]. Maleic anhydride grafted polypropylene (MAPP) has been used extensively 
as a compatibilizer of polymer/natural fibre composites. Salemane and Luyt [20] used MAPP 
to compatibilize PP/WP composites while Karmarkar et al [25] reported the use of MAPP as 
a compatibilizer to improve the interfacial adhesion between hydrophilic wood fibres and 
hydrophobic polypropylene. Felix et al [26] and other researchers reported the use of MAPP 
as a compatibilizer for modified cellulose fibres and polypropylene [26-28].  

In this study PP and MAPP were blended in 50/50 ratios with EVA to form polymer 
blends, and WP was added at concentrations of 10, 20 and 30% to form PP/EVA/WP and 
MAPP/EVA/WP blend composites respectively. It should be noted that in this case MAPP 
was not used as a compatibilizer but as a component in the preparation of the blend. We were 
interested to establish where WP would locate itself in PP/EVA and MAPP/EVA systems, 
and how this morphology would influence the thermal and mechanical properties of the 
investigated systems.  
 
Materials and methods 
 

The PP, supplied by Sasol Polymers, South Africa, has a density of 0.90 g cm-3, a 
melting point of 160 °C, a tensile strength of 30 MPa and a melt flow index of 12 g/10min 
(230 °C, 2.16 kg). 

The MAPP, supplied by Pluss Polymers Pvt.Ltd., India, has a density of 0.91 g cm-3, a 
melting point of 165 °C, a tensile strength of 24 MPa, and a melt flow index of 55 g/10min 
(230 °C, 2.16 kg). 

Ethylene vinyl acetate (EVA) with 9 % vinyl acetate (VA) content, supplied by 
Plastamid, Elsies River, South Africa, has a density of 0.93 g cm-3, a melting point of 95 °C, a 
tensile strength of 19 MPa and a 750 % elongation at break. 
 Pine wood powder (WP), or pine saw dust, was obtained from FBW Taurus, 
Phuthaditjhaba, South Africa.  It was supplied as a light orange coloured powder with a 
density of 1.5 g cm-3.  0-150 µm particles were obtained by sieving the received WP using 
laboratory test sieves of 150 µm pore size.  
 Pure samples and their blend composites were weighed according to the required 
ratios (100/0/0; 0/100/0; 50/50/0; 45/45/10; 40/40/20 and 35/35/30 w/w EVA/PP/WP and 
EVA/MAPP/WP) to make up a total of 40 g (which is the mass required for thoroughly 
mixing the different components in the Brabender mixer). Mixing of the samples was done at 
a temperature of 180 °C and a mixing speed of 30 min-1 for 15 minutes. The samples were 
then melt pressed at 190 °C and 100 bar for 5 minutes. Pressed samples were allowed to cool 
at room temperature for 10 minutes before touching them to avoid air from penetrating, which 
will promote the formation of bubbles.  
 DSC analyses were carried out on a Perkin Elmer DSC7 differential scanning 
calorimeter (Wellesley, Massachusetts, USA) under flowing nitrogen (20 mL min-1).  The 
samples with a mass of ±7.5 mg were heated from 25 to 190 °C at a rate of 20 °C min -1, held 
at 190 °C for 1 minute in order to eliminate thermal history, cooled to 25 °C and reheated 
under the same conditions. The melting and crystallization data were obtained from the 
second scan.  
 TGA analyses were carried out using a Perkin Elmer TGA7 thermogravimetric 
analyzer (Wellesley, Massachusetts, USA). Samples of mass ±10 mg were heated from 50 to 
600 °C at a heating rate of 20 °C min-1 under flowing nitrogen (20 mL min-1). 
 For DMA analyses, rectangular samples of 20 mm x 5 mm x 0.5 mm were used. A  
Perkin Elmer Diamond DMA was used for the evaluation of storage modulus, loss modulus 
and mechanical damping factor. The temperature range over which properties were measured 
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was -100 °C to 120 °C at a heating rate of 5 °C min-1 under 30 mL min-1 flowing nitrogen. 
The tests were carried out at a frequency of 1Hz.  
 Tensile properties were determined using a Hounsfield H5KS (Hounsfield Test 
Equipment, Redhill, England) tensile tester. At least six dumbbell samples, with a gauge 
length of 24 mm, of each composite were analyzed at a speed of 50 mm min-1.   
 
Results and discussion 
 

The DSC curves of EVA and PP show endothermic melting peaks around 95 and 160 
°C respectively (Figure 1).  The EVA/PP blend and the WP containing blend composites have 
two melting peaks at 95 and 160 °C, indicating immiscibility of EVA and PP. Decreasing 
amounts of EVA and PP give rise to decreasing melting enthalpies (Table 1). Although this is 
to be expected, the experimentally observed enthalpies (∆Hobs) for EVA melting are 
significantly lower than the theoretically expected enthalpies (∆Hcalc) calculated from the 
fraction EVA in the blend composite and the melting enthalpy for pure EVA, and assuming 
that the WP was equally distributed throughout the EVA/PP blend matrix and that the WP did 
not significantly influence the crystallization behaviour of EVA. In comparison the values of 
∆Hobs are slightly lower than ∆Hcalc for the PP phase. This shows that WP is situated primarily 
in the EVA phase and interacts better with EVA than with PP. This conclusion is supported 
by the re-crystallization peaks that are at significantly lower temperatures for EVA with only 
a minor shift in the case of PP (Figure 2). 

 
Figure 1 DSC heating curves of pure EVA, pure PP and EVA/PP/WP blend composites 

 
Figure 2 DSC cooling curves of pure EVA, pure PP and EVA/PP/WP blend composites 
 
 In Figure 3 EVA and MAPP show endothermic melting peaks at 95 and 165 °C. 
The EVA/MAPP blend and WP containing blend composites have two peaks at 95 and 165 
°C, indicating (partial) immiscibility. The significant decrease in the EVA peak size for the 
EVA/MAPP blend indicates that there is an interaction between MAPP and EVA. This is 
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supported by the observation of a third melting peak on the low-temperature side of the 
MAPP melting peak. The ∆Hobs values for EVA melting in the blend composites are much 
lower than the ∆Hcalc values, while the values for MAPP are slightly higher (Table 2). This 
may indicate that WP still has a higher affinity for EVA, but another possible explanation is 
that the interaction between EVA and MAPP (Figure 4) gives rise to a fraction of the EVA 
co-crystallizing with the MAPP, which also explains the presence of the third endotherm in 
the DSC melting curve. Most probably the observed behaviour is the result of a combination 
of these two effects. Figure 5 shows a decrease in the re-crystallization temperature of EVA in 
the EVA/MAPP blend and its composites, but an increase for the MAPP component. 
 
Table 1 DSC melting data for pure EVA, pure PP and their blend composites 

EVA/PP/WP  (w/w) Tonset / °C TPeak / °C ∆∆∆∆Hobs / J g-1 ∆∆∆∆Hcalc / J g-1 
 1st 2nd 1st 2nd 1st 2nd 1st 2nd 

0/100/0  155.9  161.3  79.3  79.3 
100/0/0 88.8  96.0  50.6  50.6  
50/50/0 88.4 155.2 95.7 162.9 27.5 37.3 25.6 39.7 
45/45/10 72.3 155.5 85.0 161.2 9.72 34.3 22.7 36.7 
40/40/20 74.9 155.6 84.2 161.2 7.74 30.0 20.2 31.7 
35/35/30 76.5 155.9 85.7 161.4 5.12 25.6 17.7 27.8 

 
Figure 3. DSC heating curves of pure EVA, pure MAPP and EVA/MAPP/WP blend 
composites 
 

 
Table 2. DSC melting data for pure EVA, pure MAPP and their blend composites 
EVA/MAPP/WP (w/w)  Tonset / °C TPeak /°C ∆∆∆∆Hobs / J g-1 ∆∆∆∆Hcalc / J g-1 

 1st 2nd 1st 2nd 1st 2nd 1st 2nd 
0/100/0  156.9  161.3  75.3  75.3 
100/0/0 88.8  96.0  50.6  50.6  
50/50/0 69 156.2 85.7 161.9 13.5 40.3 25.3 37.7 
45/45/10 72.3 157.5 86.0 164.2 9.5 36.3 22.7 33.8 
40/40/20 74.6 157.6 86.2 164.2 8.3 33.5 20.2 30.1 
35/35/30 73.5 157.9 86.7 163.4 6.4 29.6 17.7 26.3 
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Figure 4. Proposed mechanism for reaction/interaction EVA/MAPP/WP blend 
composites 

 
Figure 5. DSC cooling curves of pure EVA, pure MAPP and EVA/MAPP/WP blend 
composites 
 

The TGA curves of EVA/PP/WP and EVA/PP/WP are shown in Figures 6 and 7 
respectively.  EVA (with two degradation steps) is thermallly more stable than MAPP and PP. 
The MAPP/EVA blends and EVA/MAPP/WP composites are also thermally more stable than 
the PP/EVA blend and the EVA/PP/WP composites. In both cases an increase in WP leads to 
a decrease in the thermal stability, because WP is thermally less stable and hence promotes 
the degradation process [19,20].  

 
Figure 6. TGA curves of pure EVA, pure PP and EVA/PP/WP blend composites 
 

The DMA storage modulus and damping factor curves of the EVA/PP system are 
shown in Figures 8 and 9 respectively.  At low temperatures EVA has slightly lower storage 
moduli than PP, but the difference becomes more significant with increasing temperature.  
The PP/EVA blend and the WP blend composites have storage moduli intermediate to that of 
pure EVA and pure PP over the whole temperature range. At higher temperatures, close to 
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that of EVA melting, the WP composites show higher storage moduli than the PP/EVA blend. 
This is the result of the interaction between EVA and WP which gives rise to reduced EVA 
chain mobility. In Figure 9, EVA shows two different transitions, the β-transition at about -4 
°C and the α-transition at about 58 °C. The β-transition corresponds to the glass transition of 
EVA. PP has a β-transition peak at about 16 °C.  This transition corresponds to the glass 
transition of the amorphous region in PP [29]. The tan δ curve of the EVA/PP blend shows all 
the peaks observed in pure PP and pure EVA, indicating complete immiscibility of the two 
components. This is in line with the DSC results. In the case of the blend composites, the α-
transition peak for EVA disappears, indicating that the interaction between EVA and WP 
restricts chain mobility of the EVA chains. 

 
Figure 7. TGA curves of pure EVA, pure MAPP and EVA/MAPP/WP blend composites 

 

 
Figure 8. Storage modulus as function of temperature of pure EVA, pure PP and 
EVA/PP/WP blend composites 

 
Figure 9. Tan δ as function of temperature of pure EVA, pure PP and EVA/PP/WP 

blend composites 
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The DMA storage and damping curves of the EVA/MAPP/WP blend composites are 
presented in Figures 10 and 11 respectively. MAPP has a β-transition peak at 15 °C, which is 
the MAPP glass transition temperature. Figure 10 shows that the storage modulus values of 
the EVA/MAPP blend are between those of pure MAPP and pure EVA, and that their values 
increase with increasing WP content at all temperatures. MAPP has a β-transition (glass 
transition) peak at 15 °C. In Figure 10 storage modulus (stiffness) of MAPP/EVA blend is in 
between that of pure MAPP and pure EVA. For this system the storage modulus shows the 
same behaviour as in the EVA/PP/WP system. As shown in Figure 11, the tan δ as function of 
temperature for the EVA/MAPP/WP system shows a different behaviour. The β-transition 
peak is also absent in the case of the EVA/MAPP sample. This confirms the interaction 
between EVA and MAPP, which is in line with the DSC observations.  

 
Figure 10. Storage modulus as function of temperature of pure EVA, pure MAPP and 
MAPP/EVA/WP blend composites 

 
Figure 11. Tan δ as function of temperature of pure EVA, pure MAPP and 
EVA/MAPP/WP blend composites 

 
The mechanical properties of the EVA/PP/WP and EVA/MAPP/WP composites as a 

function filler concentration are presented in Tables 3 and 4 and Figures 12-14. Table 3 shows 
that the Young’s moduli of pure PP and pure EVA are 498 and 38 MPa respectively, and that 
the Young’s modulus of the EVA/PP blend is an average of the values of the individual 
components.   This is also observed for MAPP and EVA (Table 4), where the modulus of the 
blend (212 MPa) is an average of the moduli of MAPP (377 MPa) and EVA (38 MPa).  
Figure 12 shows an increase in Young’s modulus of the composites with an increase in WP 
content, because rigid fillers always increase the stiffness of a polymer matrix [30]. This 
increase is much more pronounced in the EVA/MAPP/WP blend composites due to better 
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interaction/reaction between MAPP and EVA. Figure 13 shows a decrease in elongation at 
break with increasing WP content for both polymer blend systems. This is a common 
phenomenon; elongation at break of fibre filled polymers always decreases with an increase in 
filler content [14,19,20,25,26,30]. 
 
Table 3. Tensile properties pure EVA, pure PP and their blend composites 

EVA/PP/WP (w/w) E ± sE / MPa εεεεb  ± sεεεεb / % σσσσb ± sσσσσb / MPa 
100/0/0 498.5 ± 13.5 26.7 ± 2.5 29.9±1.3 
0/100/0 38.2 ± 1.4 535 ± 12.3 9.9 ± 0.5 
50/50/0 258 ± 3.5 12.9 ± 0.1 12.8 ± 0.1 
45/45/10 265 ± 2.3 10.7± 0.1 8.9 ± 0.2 
40/40/20 272 ± 3.7 9.7 ± 0.4 8.7 ± 0.1 
35/35/30 285 ± 3.5 7.25 ± 0.1 7.6 ± 0.2 

E = tensile modulus, εb = elongation at break, σb = stress at break 
 
Table 4. Tensile properties pure EVA, pure PP and their blend composites  
EVA/MAPP/WP (w/w) E ± sE / MPa εεεεb  ± sεεεεb / % σσσσb ± sσσσσb / MPa 

100/0/0 377.8 ± 6.7 13.3 ± 0.7 24.4± 1.2 
0/100/0 38.2 ± 1.4 535 ± 12.3 9.9 ± 0.5 
50/50/0 212 ± 3.8 23 ± 0.1 12.6 ± 0.1 
45/45/10 278 ± 2.6 13.4 ± 0.7 12.6 ± 0.2 
40/40/20 307 ± 3.7 8.5 ± 0.7 10.4 ± 0.2 
35/35/30 317 ± 2.8 6.6± 0.5 10 ± 0.1 

E = tensile modulus, εb = elongation at break, σb = stress at break 
 

EVA/MAPP and EVA/PP blends have tensile strength values that are lower than those 
of PP and MAPP, but slightly higher than that of EVA (Table 4). Figure 14 shows that the 
tensile strength of the samples decreases with an increase in WP content. The decrease is 
more significant for the EVA/PP samples. Previous studies showed that if a polymeric matrix 
and filler do not interact with each other, stress at break decreases with an increase in filler 
content [19,20,26]. This is clear when comparing the EVA/PP/WP system with the 
EVA/MAPP/WP system, where the WP is probably more evenly distributed in the 
EVA/MAPP matrix. For the EVA/MAPP/WP system the reduction in tensile strength with 
increasing WP content is less significant than for the EVA/PP/WP system. 

 
Figure 12. Young’s modulus as function of WP content for all the investigated samples 
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Figure 13. Elongation at break as function of WP content for all the investigated 

samples 

 
Figure 14. Tensile strength as function of WP content for all the investigated samples 

 
Conclusions 
  

 EVA/PP/WP and EVA/MAPP/WP polymer blend composites were prepared and their 
thermal and mechanical properties were investigated. DSC results show that both 
EVA/MAPP and EVA/PP blends are immiscible. In both EVA/PP/WP and EVA/MAPP/WP 
blend composites, WP seems to interact more with EVA than with PP or MAPP. There also 
seems to be either a reaction between the EVA and the MAPP, but limited co-crystallization 
is also a distinct possibility. EVA/PP/WP blend composites are thermally less stable than 
EVA/MAPP/WP blend composites, because MAPP is thermally more stable than PP and the 
resulting composites are likely to be more stable.  The presence of WP decreases the thermal 
stability of both systems. EVA/MAPP/WP composites have better mechanical properties than 
EVA/PP/WP composites, probably because of a more even distribution of WP in the 
EVA/MAPP blend matrix. 
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