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Abstract 

Some elastomers and fillers are used to optimize polypropylene properties. In this research, the effects 

of different fillers and elastomers are investigated on mechanical properties of polypropylene. The 

results show that impact and tensile strength of polypropylene are improved by applying polymeric 
and inorganic additives. Also, these additives improve thermal properties of polypropylene. Addition of 

low density polyethylene (LDPE), high density polyethylene (HDPE) or copolymer styrene-butadiene is 

more resistant mechanically than physical blend of polypropylene and polyethylene. Also, calcium 
carbonate modified by a titanate coupling agent, improves polypropylene properties. The experimental 

results indicate that copolymer styrene-butadiene-styrene (SBS) improves polypropylene mechanical 

properties more than copolymer ethylene –vinyl acetate (EVA). Finally, mechanical properties of 
copolymer polypropylene compounds were investigated and the results showed an improvement in 

mechanical properties compared to polypropylene compounds. 
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1. Introduction 

Polypropylene is vastly used as sheets and molding materials as it is resistant to water, 
gasoline and is considered a good chemical resistant. Besides the above advantages, polypro-
pylene has a low volumetric mass, good mechanical properties and low production cost. But 

polypropylene suffers from weak impact strength at low temperatures. Therefore in order to 
improve and modify this property, different elastomers and polymers are added to polypropy-
lene. For example, terpolymer ethylene-polypropylene-dn (EPDM) improves the impact strength 
of polypropylene [1-3]. In addition, butadiene-dn-styrene (BDS) also modifies impact strength 
of polypropylene. Various researches have proved that impact strength property of mixture of 
polypropylene with trans-polyoctonum (TOR) improves in comparison to unmodified polypro-

pylene [4]. In combination of propylene with other polymers, compatibility is an important factor. 
Some light polymers create good compatibility with polypropylene. Overall, the most appro-
priate case in combination of polypropylene with other polymers is to create a covalent bond 
between polypropylene with the added polymer [5-6]. For example, although polypropylene's 
strength increases through mixing with polyethylene but the property of co-polypropylene –

ethylene is better than property of polypropylene –ethylene alloy because in co-polypropylene-
ethylene, a new polymeric chain is created as a result of covalent bond [7]. 

By adding some filler like talc, calcium carbonate, titanium oxide, magnesium hydroxide, 
and fiber glass, polypropylene applications can be developed [8]. Using fillers, the miscibility 
and cohesion of fillers with polypropylene matrix are influential factors on structure and property 

of polypropylene and any change in improving those factors will lead to an improvement in 
mechanical properties of polypropylene. In addition, by processing of fillers' surface, the inter-
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action between polypropylene and filler will also be improved  [9-12]. For this purpose, the 
following groups are mainly used: 

1. Fatty acids (saturated and unsaturated) 
2. Active surface compounds like cationic, anionic and nonionic active agents 
3. Coupling agents especially titanate coupling 

2. Experiments  

2.1. Materials 

The melt index used for polypropylene and polyethylene were 0.5 and 0.3 gr/min respect-

tively and the size of calcium carbonate consumed was more than 10 µm. The molecular 
weight of low polyethylene (LMPE) and low polypropylene (LMPP) were 5000 and 6500 respec-
tively which were prepared by thermal cracking. Further consumed materials were copolymer 
styrene-butadiene-styrene with a linear structure and molecular weight of around 9000 (rate 
of styrene of 65%), copolymer ethylene–vinyl acetate with molecular weight of 28000 (rate 

of vinyl stat of 26%) and polystyrene of 40000 molecular weight. 

2.2. Preparation of Laboratory Samples  

First, calcium carbonate and polypropylene (15% weight) were heated for 5 minutes up to 
100°C in a mixer equipped with a mechanical agitator. Then, titanate coupling agent was 
blended with calcium carbonate to process its surface. In the later stage, polypropylene and 

other polymers were used, to be added to the mixture and the final compound was melted 
and mixed at 210°C in a rotating twin screw extruder. Finally, the samples were prepared by 
injection moldings to measure mechanical properties. The combinations of prepared samples 
are reported in Table 1. 

Table 1. Compounds of prepared different samples  

Polymer PP LDPE EVA SBS LMPP LMPE 

Comps.       
A 100 0 0 0 0 0 

B 100 20 0 0 0 0 
C 100 20 6.4 0 2.5 0 
D 100 20 6.4 3.6 2.5 0 
E 100 20 6.4 3.6 0 2.5 

2.3. Measurement of mechanical properties 

Following preparation of samples, tensile strength was measured by XL-100 equipment 
according to ASTM D638 standard. Also impact strength was measured by 40-Izod Uj impact 
equipment according to ASTM 256. 

The flexibility of samples was measured by LJ-500 equipment according to ASTM D790 

and thermal deviation of samples was also measured in conformance with ASTM D648. All 
experiments were carried out at 23°C and the mean values were reported for each 
experiment. The results of experiments carried out in tabulated combinations are reported in 
Tables 1 and 2. 

3. Analysis of results 

As it can be seen from the Table 2, different polymers have different effects on 
polypropylene properties. Copolymer styrene-butadiene-styrene (SBS) and polyethylene 
(LDPE) give polypropylene the most powerful impact strength because low density 
polyethylene (LDPE) is a severely branched polymer with high flexibility. Also the interaction 
between copolymer styrene-butadiene-styrene and polyethylene and polypropylene is 

stronger between polypropylene and copolymer ethylene vinyl acetate. 
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Table 2. Mechanical properties of polypropylene combined with other polymers 

Compounds 
Tensile 

Strength, (MPa) 

Coefficient of 

Flexibility, (MPa) 

Thermal Deviation 

(°C) 

Impact Strength  

(J/M) 

A 37.4 1683 117.5 24.9 

B 25.6 1005 91.3 400 

C 29.2 1168 105.3 36.9 

D 23.6 588 86.9 456 

E 23.3 806 82.0 600 

Since stress transfer depends on the size of common surface and the thickness of the boun-
dary layers of different phases, therefore tensile yield stress in heterogeneous polymeric 
systems is considered a useful property to predict interactions on common surface. Hence, 

tensile yield stress is loaded by reduced cross section and is determined by load borne on 
dispersed phase. As it can be observed from Table 2, thermal properties of polypropylene are 
reduced as a result of combining with other polymers. On one hand, due to low flexibility power 
of added polymers, the coefficient of flexibility of polypropylene compounds with other poly-
mers is lower than unmodified polypropylene. The results show that modification of propylene 

impact strength can be obtained through adding low density polyethylene (LDPE) to polypro-
pylene. But polyethylene reduces other polypropylene severely because PP has a relatively low 
tensile strength. Therefore, in other experiments, high density polyethylene (HDPE) has repla-
ced low density polyethylene (LDPE). In addition, in order to improve flexibility and tensile 
strength of polypropylene, about 30% weight of calcium carbonate was added to the above 

mentioned compounds in Table 1. As it can be seen from Table 2, the effect of low polyethylene 
(LMPE) on the polypropylene properties is more suitable than low polypropylene (LMPP). Thus, 
in the next experiment, as well as calcium carbonate, the effect of addition of low polyethylene 
(LMPE) and co-polymer ethylene vinyl acetate (EVA) was investigated with the same weight 
percent as in the previous experiment for the properties of polypropylene. The prepared com-

pounds are as follows: 

α - PP + CaCO3 + HDPE + EVA 

β - PP + CaCO3 + HDPE +EVA + LMPE 

γ – PP + CaCO3 + HDPE + EVA + LMPE +SBS 

Further experiments were carried out on the above compounds and the results are shown 
in Table 3. 

Table 3. Mechanical properties of polypropylene combined with calcium carbonate  

Compounds Tensile Strength 
(MPa) 

Coefficient of 
Flexibility (MPa) 

Thermal 
Deviation (°C) 

Impact Strength 
(J/M) 

α 28.2 1490 110 40 

β 31.1 1570 112 43 

γ 29.5 1300 97 32 

As it can be observed in Table 3, calcium carbonate is produced due to strength of interfacial 

layers that is resulted from processing with a titanate coupling agent which enhances the strength 
of the polypropylene alloys considerably while unmodified thermal and tensile properties of 
polypropylene is lower. In addition, copolymers ethylene vinyl acetate, styrene-butadiene-sty-
rene and polyethylene improve impact strength of polypropylene. 

Since, no chemical reactions has taken place between polypropylene with other polymers 

even, low density polyethylene (LDPE), polypropylene property has not changed considerably. 
Thus, in the next experiment, the effect of polypropylene copolymer was investigated on the 
mechanical properties of different compounds shown in Table 4. The experiments were carried 
out on the compounds highlighted in table 4 and the results obtained are shown in table 5.  
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Table 4. Polypropylene copolymer compounds with other polymers 

Compounds PP 

Copolymer 

PS HDPE SBS CaCO3 Titanate 

Coupling Agent 

1 100 0 30 0 50 0.5 

2 100 30 0 5 0 0 

3 100 30 0 5 50 0.5 

4 100 30 0 5 0 0 

Table 5. Mechanical properties of polypropylene combined with calcium carbonate  

Compounds Tensile Strength 

(MPa) 

Coefficient of 

Flexibility (MPa) 

Thermal 

Deviation (°C) 

Impact Strength 

(J/M) 

1 150 2700 156 270 

2 110 2150 139 182.1 

3 123 2400 145 196.3 

4 861 1960 127 160.7 

Since copolymer polypropylene has higher impact strength property in comparison with 
homopolymer polypropylene, these compounds have higher impact strength with regards to 

homopolymer polypropylene. By comparing the compounds of 2 and 4 in table 4, it can be 
seen that slight increase in copolymer styrene-butadiene-styrene with respect to copolymer 
propylene causes severe increase in copolymer styrene-butadiene-styrene due to an inter-
facial reaction between copolymer styrene-butadiene-styrene and polystyrene.  

High density polyethylene (HDPE) increases impact strength of the compound 5 times of 
copolymer polypropylene. Also, by comparing the compounds 2 and 4 shown in tables 4, it 

can be observed that the styrene content in polystyrene cannot improve  the impact strength 
as much as the styrene content within styrene-butadiene-styrene. By comparing the compounds 
of 1 and 3 in table 4, it can be learned that high density polyethylene has higher tensile 
strength with respect to styrene and copolymer styrene-butadiene-styrene. In other words, 
polystyrene does not blend with other polymers uniformly. Calcium carbonates in compounds 

1 and 3 helps to enhance the flexibility coefficient property of polypropylene to a great extent.  

4. Conclusions 

With regards to wide applications of polypropylene, the properties of polypropylene com-
pounds are key factors in developing applications of this polymer. Numerous studies have 
been carried out regarding the effect of addition of polymers and fillers on polypropylene pro-

perties. These investigations indicate that compatibilizing agents and methods of blending of 
different materials with polypropylene are the most important factors in improving polypropy-
lene properties. The combination of polystyrene and copolymer styrene-butadiene-styrene 
improve polypropylene impact strength while polystyrene is not very effective in this regard. 
On one hand, the blend of low and high density polyethylene (LDPE) and (HDPE) improve the 

impact strength properties like the combination of polypropylene with copolymer-styrene-
butadiene-styrene to a great extent.  

In total, the combination of polyethylene and copolymer polypropylene is the desired 
combination that improves impact strength, tensile strength and coefficient of flexibility with 
respect to other compounds. Low polyethylene (LMPE) and low polypropylene enhance the 

melt flow index of the compound but have no considerable effect on mechanical properties. 
Copolymer polyethylene vinyl acetate (EVA) does not change the mechanical properties of 
polypropylene. However, with addition of (EVA) to polypropylene accompanied by acrylic resin 
improves print properties of polypropylene. Finally, adding calcium carbonate to above 
compounds improves mechanical property, thermal power of the product as well as lowering 
the finished price. 
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