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Introduction 

During the last decades, biodegradable polymers with appropriate mechanical properties have received particular attention as 

a substitute for synthesis plastics. Currently, starch based polymeric materials have been introduced as a renewable and 

economical alternative for petroleum based, non-renewable polymeric compounds. Starch as a promising biomaterial, is a 

carbohydrate compound consisting a large number of glucose units joined by glycosidic bonds. It is one of the most abundant 
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and inexpensive polysaccharide sources, which presents suitable biodegradability property. In presence of suitable 

plasticizers, starch can be transformed into an amorphous thermoplastic material, that known as thermoplastic starch. 

 

Since humidity influence the mechanical properties of thermoplastic starch, applications of starch are limited [1]. To 

overcome the poor mechanical properties of thermoplastic starch, it is mixed with synthetic polymers, such as low-density 

polyethylene, polypropylene and polystyrene [2-4]. Many researchers have focused on modification of thermoplastic starch 

by polyolefins to improve its biodegradability and mechanical property. Polypropylene as a thermoplastic material is a linear 

hydrocarbon polymeric compound. It is widely used in packaging, automotive, healthcare application, and communication or 

electronic industries. However, it is not easily degraded in the environment because of high molecular weight and 

hydrophobic character. Kaseem et al. investigated the rheological and mechanical properties of polypropylene-thermoplastic 

starch blend. Although strain at break of the blends was decreased, the Young’s modulus of the blends was improved 

compared to the base polypropylene [5].  

 

Schlemmer et al. studied the biodegradation of polystyrene thermoplastic starch blend. The results showed that blending 

polystyrene and thermoplastic starch is an effective technique to achieve suitable biodegradability [6]. The physical and 

mechanical properties of polypropylene are modified by recycled polyethylene terphthalate and rice bran. Results showed 

that the prepared composite presents the higher tensile modulus and impact because of filamentous morphology [7]. Pérez et 

al. investigated influence of starch type and content on thermal properties and morphology of polypropylene-starch blend [8]. 

The results showed that prepared blend of cornstarch and polypropylene has lower decomposition temperature, due to higher 

amylose content in cornstarch compared to the potato starch. Corradini et al. studied effect of zein on properties of starch and 

glycerol blend [9].  

 

The results showed that the use of zein in thermoplastic starch causes a decrease in the water sensitivity and melt viscosity. Li 

et al. investigated the biodegradability property of thermoplastic starch, low density polyethylene and polylactic acid blend 

[10]. It is found that thermo plastic starch is degraded more rapidly compared to the native starch. Blending thermoplastic 

starch with low density polyethylene and polylactic acid increases TPS surface area and increases the biodegradation rate. 

Shujun et al. investigated the mechanical and thermal property of thermoplastic starch and linear low density polyethylene 

blend [11]. The FTIR results also indicated that with the addition of maleic anhydride, the compatibility between 

thermoplastic starch and polyethylene in the blends was truly improved. 

 

From industrial view point, use of inorganic fillers is an applicable and suitable method to improve mechanical and thermal 

properties of plastics. Among the inorganic fillers calcium carbonate is one of the most abundant biomaterials [12]. It is one 

of the most commonly used inorganic fillers for thermoplastic polymers, such as poly vinyl chloride and polypropylene [13]. 

Many researchers have focused on surface modification of CaCO3 particles to increase the polymer–filler interactions, which 

results the enhancement of blend mechanical properties. Vilela et al. investigated the cellulose and calcium carbonatenano-

composites blend and reported an improvement of mechanical properties compared to base cellulose [14]. In this study, the 

effect of eggshell Nano-particle on mechanical property of the polypropylene–thermoplastic starch blend is studied. Blending 

starch with polypropylene produces immiscible blends requiring the addition of a compatibilizer to improve interfacial 

adhesion. In this work, maleic anhydride and ethylene vinyl acetate are used as compatibilizer to improve miscibility of blend 

with different ratios. Then, biodegradability of the prepared samples is experienced according to the standard tests. FTIR and 
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weight lost methods are considered to investigate biodegradability of the prepared samples. Morphology and particles 

dispersion in the structure of prepared samples are investigated using SEM images. 

 

Materials and Sample Preparation 

Starch supplied from Granking Company was mixed with glycerol in a laboratory scale dual screw extruder and 

thermoplastic starch was produced. From mechanical view point, addition of glycerol as a plasticizer increases the ductility 

or elasticity of a starch, which results a decrease in strength and stiffness. The obtained thermoplastic starch was mixed with 

polypropylene in the dual screw extruder operating at 80 rpm considering ethylene vinyl acetate (EVA) and polypropylene 

graft maleic anhydride (PP-g-MA) as stabilizer.  

 

The polypropylene as the base material was supplied by Sabic Company. The eggshell slices were powdered in a Ball Mill 

machine and eggshell Nano-particles were produced in range 70 nm. The main compound in eggshell is calcium carbonate 

about 95%, phosphate, magnesium carbonate and soluble and insoluble proteins about 5%. The produced Nano-particles 

were mixed with the prepared starch and polypropylene blend in the extruder. Formulation of samples and processing 

conditions are presented in TABLE 1. 

 

TABLE 1. Composition samples containing various percentages of TPS. 

 Sample  Eggshell Compatibilizers Sample 

A A 3 - - PP 

B B 3 - - PP-TPS (90/10) 

C C 3 - - PP-TPS (70/30) 

D D 3 - - PP-TPS (50/50) 

E PP/TPS 0 - - PP-TPS (50/50) 

F PP/TPS/EVA 0 6 EVA PP-TPS (50/50) 

G EVA-3 3 6 EVA PP-TPS (50/50) 

H EVA-5 5 6 EVA PP-TPS (50/50) 

J PP/TPS/MA 0 6 MA PP-TPS (50/50) 

K MA-3 3 6 MA PP-TPS (50/50) 

L MA-5 5 6 MA PP-TPS (50/50) 

 

 

Test method 

The mechanical properties of samples, tensile strength and elongation at break, were analyzed according to ASTM-D638 and 

ASTM D882 standard test methods. FTIR and weight lost methods are considered to investigate biodegradability of the 

prepared samples. Dynamic mechanical analysis is used to study thermal property of samples. ASTM G21 test was 

conducted on the prepared samples followed by FTIR test. ASTM G21 is a standard test method for determining resistance of 

polymeric materials to fungi. 

 

 

http://en.wikipedia.org/wiki/Polymers
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Results and Discussion 

Mechanical property 

In this research, the mechanical property of the polypropylene and starch blend is modified by eggshell Nano-particles as 

filler. The Young’s Modulus, tensile stress and elongation at break of prepared sample contains 3% eggshell Nano-particles 

are compared with the base samples. Young's modulus is a measure to evaluate the stiffness of an elastic material and 

presents a quantitative criterion to characterize mechanical property of materials. It is defined as the ratio of the loading stress 

along an axis to the strain along that axis in the range of stress in which Hooke's law holds.  

 

The young’s Modulus for the base (sample D) and modified blends (sample E) are 704.2 and 830.2 MPa, respectively. Also, 

elongation at break in the D and E samples are 11.4 and 15.5%, respectively. Tensile strength as a main parameter to 

investigate mechanical property of polymers is defined as the maximum stress that a material can withstand while being 

stretched or pulled before failing or breaking. The tensile stress of samples D and E are 14.8 and 23.7 MPa based on the 

ASTM D882 standard test method, respectively. These results prove that adding eggshell Nano-particle to polypropylene and 

starch blend improves the mechanical property of the mixture. The uniform distribution, interactions and strong interfacial 

adhesion of CaCO3 particles with starch-polypropylene matrix increases tensile stress, young’s modulus and elongation at 

break. 

 

Biodegradation property 

Biodegradation is defined as conversion of a material into new compounds through biochemical reactions by 

microorganisms. Currently, starch as a hydrophilic degradable macromolecule is used to produce biodegradable 

polypropylene composite. The difference between property of starch and polyethylene results in poor compatibility of starch 

and polyethylene blends. In this section, the performance of maleic anhydride and ethylene vinyl acetate on degradability and 

compatibility of starch, polyethylene blend is investigated considering eggshell Nano-particles as filler.  

 

Generally, adding compatibilizer prevents the agglomeration of starch granules and increases the biodegradation rate after 

adding fungus to prepared samples. Polymers are degraded by hydrolysis and oxidation in biological systems. 

Microorganisms, oxygen, moisture, nutrients, proper temperature range 20C to 60C and pH rage 5 to 8 is necessary for 

biological degradation. ASTM G21 test was conducted on the prepared samples followed by FTIR test in range of 4000 cm-1 

to 400 cm-1. ASTM G21 is a standard test method for determining resistance of polymeric materials to fungi. 

 

Water adsorption 

This increase is due to the hydrophilic property of nanoparticles and their uniform distribution in the polymer matrix. 

According to TABLE, it can be concluded that the increasing of sample Nano egg shell and weight percent increases the 

water adsorption. Additionally, with comparison of sample (The water adsorption percent can be calculated by Water 

adsorption percent=[(𝑀0−𝑀𝑑)0] × 100                                                                                          (1) 

Where, 𝑚 and 𝑚1 are m2 the weight of the sample before and after process, respectively. 

 

To perform biodegradability tests, prepared samples are buried in the soil containing activated sludge for 180 days in an 

interval of 30 days. At the considered intervals, samples were removed and washed perfectly with distilled water, followed 

by drying at temperature 70C for two hours. FIG. 1 presents the weight loss of prepared samples containing EVA and MA. 
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It was observed that the matrix of all samples is degraded in 120 days, and biodegradability is increased with increasing test 

time in the soil burial. The results shows that biodegradation of sample contains EVA is more considerable compared to the 

sample contains MA. Although samples present a same weight loss profile, the weight loss in samples containing EVA and 

MA is 38% and 22%, respectively. 

 

 

FIG. 1. Steps of manufacturing method, also in step 1, numbers 1-10 shows 1-engine, 2-feeder, 3-cooling jacket, 4-

thermocouple, 5-screw. 

 

FTIR Test 

FIG. 2 shows the FTIR results of samples H and L after and before degradation. Fourier transform infrared spectroscopy test 

(FTIR) is used to confirm biodegradation of samples by formation of new functional groups or disappearance of groups in the 

polymer. Absorption peak of hydroxyl and carbonyl groups that occur in range of 3100 cm-1 to 3600 cm-1 and 1690 cm-1 to 

1760 cm-1, are considered to investigate biodegradability of prepared samples. Results show a decrease in the hydroxyl 

groups after microbial treatment. The results show that adding starch to polypropylene increases biodegradability and results 

lower hydroxyl group content in the prepared samples. This reduction is much noticeable in samples H that contains 5% EVA 

as compatibilizer compared to MA. Carbonyl peak in the area of 1690 cm-1 to 1760 cm-1 signifies oxidative degradation 

owing to enzymes secreted by fungi. From the spectra of nano-CaCO3, the broad and strong peak at 1489 cm-1 confirms the 

presence of calcite, the most stable polymorph of calcium carbonate. In the composite films the presence of CaCO3 peaks 

along with the peaks of blend gives evidence regarding the formation of the composites. In addition, the results show the 

lower content carbonyl group in sample containing EVA due to higher oxidative degradation. 

 

A SEM technique is considered to investigate the surface morphology before and after biodegradation of the blend films. 

Morphology of the polymer blends plays an important role in the properties of the final product, especially their mechanical 

properties depend on it. The nanostructure analysis of prepared samples is established in FIG. 3 after and before degradation. 

FIG. 3 shows that the blend of starch and polypropylene has a porous structure with non-uniform distribution of pores. Since, 

the interfacial adhesion between starch and polypropylene is poor, phase separation is seen according to this figure. FIG. 3 

shows the SEM image of blends containing EVA and MA, respectively. Starch contains hydroxyl groups making it an ideal 

candidate for reactive compatibilization. Thus, hydroxyl functional polymers may be coupled with anhydride functional 

groups and the mechanical property of blend is improved [15]. 
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FIG. 2. FTIR test for sample H before and after ultraviolet radiation. 
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FIG. 3. FTIR test for sample I before and after ultraviolet radiation. 

 

In SEM picture of samples, it is noticed that starch particle are embedded within polymer matrix. The results show that the 

morphology of the blends contains MA is improved due to the improvement in the compatibility between starch and 

polypropylene and no apparent phase interface is seem between starch and polypropylene. Thus MA is more effective 

compared to the EVA to create a homogenous structure and bending polypropylene and starch particles before degradation. It 

is appeared that the matrix is destroyed in all samples, particularly samples containing EVA that starch groups have been 

degraded and omitted from matrix structure. 

 

Thermal property 

Dynamic mechanical analysis (DMA) is used to study and characterize thermal property of polymers. One important 

application of DMA is measurement of the glass transition temperature of polymers. Amorphous polymers have different 

glass transition temperatures, above which the material will have rubbery properties instead of glassy behaviour and the 

stiffness of the material will drop dramatically with an increase in viscosity. At the glass transition, the storage modulus 

decreases dramatically and the loss modulus reaches a maximum. Another common test method to obtain glass transmission 

temperature involves measuring the phase angle at low constant frequency versus temperature. A prominent peak in tan(δ) 

appears at the glass transition temperature of the polymer. Generally, increasing the plasticizer content shifts the glass 

http://en.wikipedia.org/wiki/Polymers
http://en.wikipedia.org/wiki/Glass_transition#Transition_temperature_Tg
http://en.wikipedia.org/wiki/Rubber
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transmission temperature of the starch rich phase toward the lower temperature. FIG. 4 shows the loss modulus and tan(δ) in 

prepared samples E, F, I, and J. As can be seen in FIG. 4 the prominent peak in tan(δ) appears around 10C and100C in the 

sample E that contains TPS and PP. FIG. 4 depicts the loss modulus and tan(δ) in the sample F that contains TPS, PPand 

EVA as compatibilizer. This figure illustrates that adding EVA to the base sampledecreases glass temperature from 100C to 

70C, while glass temperature of polypropylene remains constant. Increasing compatibilizer shifts glass transient temperature 

of the starch rich phase toward the lower temperature. Thus, compatibilizeris entered into the starch phase (FIG. 5).  

 

Formation of hydrogen bonds between the carbonyl groups in the compatibilizer compound and hydroxyl groups in starch 

cause relative compatibility between starch and compatibilizer. Adding PP-g-MA to the base samples decrease glass 

temperature to 62C. Chemical reactions between anhydride groups of PP-g-MA and hydroxyl groups of starch lead to 

increase interaction between two phases, which results in better mixing. These results show that starch is more compatible 

with PP-g-MA and it increases elasticity of sample. In addition, results represent that compatibilizer compounds do not have 

any effect on glass temperature of polypropylene. 
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FIG. 4. Weight loss of samples vs. time due to biodegradation in activated sludge. 

 

 

FIG. 5. SEM images of sample (a) base, (c) containing EVA, (d) MA. 
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Conclusion 

Dispersion of nanoparticles in the samples were investigated by TEM images. The results show perfect distribution of 

eggshell nanoparticles in the polymer matrix. It can be also concluded that increasing the amount of starch and eggshell 

nanoparticles gives rise to increase in water absorption which is because of increment in hydrophobicity and polarity of the 

polymer matrix. Besides that, absorption of water can accelerate the degradation of starch. Fungus cultivation test was also 

performed to investigate biodegradation of PP/TPS composites with various mass ratios.  

 

Comparing SEM images of samples before and after cultivation of fungi shows a porous matrix after degradation which 

means fungi have a great influence on this process. Another method that confirms degradation of samples by fungi is FTIR 

test. Reduction in intensity of the peaks corresponding to hydroxyl groups shows the effect of oxidative degradation on 

samples owing to secreted enzymes by fungi. To conclude, all these results show that PP-g-MA and EVA are two appropriate 

compounds that accelerate biodegradation process. 
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