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ABSTRACT 

 

Due to the extensive use to which polypropylene materials have been put in recent years, 

there is need to improve its mechanical properties to further extend its area of application. 

This paper investigated improvement in tensile strength of polypropylene through the 

addition of fillers. Silica sand and calcium carbonate were use as the fillers. 200mm moulded 

specimens of unfilled polypropylene, polypropylene filled with silica sand and polypropylene 

filled with calcium carbonate were preparedin accordance with ASTM International 

standard.Samples from specimen of each category of polypropylene were subjected to tensile 

strength test. The forces applied are 6.34N, 6.17N, 5.98N, 5.68N and 4.68N. The elongations 

for each of the applied forces were recorded. The result showed that the behaviours of 

unfilled polypropylene and polypropylene filled with calcium carbonate were very close 

while sample filled with silica sand deviated greatly from them. This showed that silica sand 

has very great effect on tensile strength of polypropylene materials while calcium carbonate 

effect was slight. This means that calcium carbonate it a better filler and preferred to silica 

sand. 
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INTRODUCTION 
Plastics are mixtures of polymers and additives. It can be divided into two important general 

groups, thermoplastics and thermosetting materials [1]. Thermoplastics materials can be 

resoftened repeatedly by the application of heat after hardening. Examples of thermoplastics 

materials are polyolefin (e.g. polyethylene and polypropylene), polystyrene, poly (vinyl 

chloride), poly (ethylene terapthalate), nylon, cellulosics, acrylics and teflon. Thermosetting 

materials change chemically during the curing process and cannot be softened by additional 

heating. Examples of thermosetting materials are phenolics, epoxies, ureas, melamine and 

polyester. Polymers is a giant molecules made up of a large number of repeating units joined 

together by covalent bonds and can be referred to as a pure chemical substance or materials 

produced as a direct result of polymerization processes [2]. Polymer such as polypropylene 
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can be used as fibers and plastics by a proper choice of processing conditions. During 

polymers processing, application of heat and pressure accelerate its degradation and oxidizes 

quickly, thus the plastics industries depend on additives to convert polymers into materials 

that can be moulded and have useful applications. The use of polymers at all levels of 

engineering can be extended by using additives in amount, which ranges from 0.1% to over 

40% [3]. The mechanical properties of polymers can often be altered considerably by the 

incorporation of additives. The term additives are used to describe materials that are 

physically dispersed in a polymer matrix without affecting significantly the molecular 

structure of the polymers [4]. Additives may be divided into four groups and these are solids, 

liquids, gases and rubbers. Solids additives are incorporated into plastics matrix to give 

specific properties and also to increase its resistance to various service conditions[5]. It is on 

this premise that the effects of solid additives on the mechanical properties of polypropylene 

materials have been examined by many authors.  

 

Polypropylenes are product of polymerization from propylene, which is formed by the 

cracking of petroleum products such as natural gas or light oils. Within a few years, 

polypropylene has achieved an unprecedented development in production and application. 

Polypropylene is a versatile polymer used in application ranges from films to fibers with a 

worldwide demand of over 21 million pounds[6]. It has higher melting point, much more 

resistance to stress cracking compare to high-density polyethylene and is one of the lightest 

plastic with a density of 0.905g.cm
3
[7]. It can be used to form automotive parts, radio and 

television cabinets, kitchenware, moulded hinges, films, fibers, and polypropylene sheet for 

the manufacture of luggage. Polypropylene can be extruded as filament used for brushes, 

ropes, carpet, blankets and also pipe. Addition of fillers such as talc, asbestos and glass will 

improve its resistant to high temperature and also improve its stiffness [8]. Unfilled 

polypropylene materials suffer from poor dimensional tolerance, warping and is considerably 

affected by temperature. The mechanical properties of polymers are of great interest in any 

application where they are used.This paper examined the effects of addition of silica sand and 

calcium carbonate as fillers on the tensile strength of polypropylene materials. 

 

MATERIALS AND METHODS 

Polyfin granules a brand of polypropylene, calcium carbonate and silica sand were used for 

the experiment. Calcium carbonate is a natural product from sedimentary rocks and can be 

separated into chalk, limestone and marble. It has a particle size of about one micron [5]. The 

silica sand was sieved through 200 mesh to get the required fineness. The polyfin granules 

were melted and 40 per cent by weight of the fillers, prepared separately, was mixed with the 

melted polypropylene using a high-speed mixer before pouring into the sample moulds. The 

moulds were made of steel materials. One important mechanical property of polypropylene; 

tensile strength was tested using ASTM International standard for plastics [9]. Five 

experiments were conducted for each property under varying applied forces. The experiments 

were conducted for both filled and unfilled polypropylene and results recorded. 

 

TENSILE TEST 

The test was carried out using a universal testing machine (Testometric M500 – 25KN). Five 

specimens were prepared each for the filled and unfilled samples of the polypropylene 

materials. The two ends of the specimens was fitted into a split chuck of the tensiometer, 

mounted on a spigot and secured by a stake pin. The length of the samples specimens was 

200mm and the test speed was 200mm/min. The specimen was strained as the moving head 

was drawn apart and the readings recorded. 
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RESULT AND DISCUSSION 

TENSILE STRENGTH 

Table 1 shows the result of tensile strength test and graphically presented in figure 1. The 

curves can be regarded as the summation of various factors. one of them is the degree of 

adhesion between the fillers and the polypropylene materials. Unfilled polypropylene has the 

highest tensile strength followed by calcium carbonate filled polypropylene material; the least 

tensile strength was recorded by silica sand filled polypropylene samples. The decrease in 

tensile strength of silica sand filled specimens may be attributed to reduction in cohesive 

force between the fillers and the polymer matrix. This made the samples filled with silica 

sand to elongate more. Calcium carbonate filled samples exhibit very close behaviour with 

the unfilled samples. The elongation measurements were very close for the samples from the 

two and this can be deduced from the graphical representation in Figure 1. The calcium 

carbonate filled samples behaved better and considered to be the better filler between the two 

additives. 

 

CONCLUSION 

Standard test were carried out to determine the effect of additives on the tensile strength of 

polypropylene materials. Two additives namely silica sand and calcium carbonate were used. 

The results show that calcium carbonate filled polypropylene materials displayed a better 

result when compare with the unfilled samples. Thus, silica sand filled polypropylene 

materials gave a great deviation from the unfilled samples. This research work indicated 

calcium carbonate can be incorporated into polypropylene materials for different types of 

application without much disparity in behaviour. 

 

Table 1: Results of Tensile Strength Experiments 

Test 

No. 

Initial 

Length 

(mm) 

Force 

Applied 

(N) 

Unfilled Carbonate Filled Silica Filled 

Final 

Length 

(mm) 

Elongation 

(mm) 

Final 

Length 

(mm) 

Elongation 

(mm) 

Final 

Length 

(mm) 

Elongation 

(mm) 

1 200.00 6.34 230.66 30.66 229.77 29.77 237.21 37.21 

2 200.00 6.17 228.33 28.33 227.66 27.66 236.98 36.98 

3 200.00 5.98 226.76 26.76 226.90 26.90 234.99 34.99 

4 200.00 5.68 226.89 26.89 225.59 25.59 230.47 30.47 

5 200.00 4.68 226.50 26.50 223.93 23.93 228.25 28.25 
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                                                              Figure 1: Graphical Representation of Tensile Strength Experiments 
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