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Abstract 

In this work, calcite (KS) mineral was compounded with poly (lactic acid) (PLA) at the concentrations of 5, 10, 

15 and 20 wt% using extrusion process. Test samples of PLA and composites were prepared by injection 

molding. Characterization of composites were done based on mechanical tests including tensile, hardness and 

impact tests, flow behavior by melt flow rate test (MFR) and morphological studies by scanning electron 

microscopy (SEM) method. Mechanical test results showed that the highest improvements in tensile strength 

and tensile modulus values were obtained for 10 wt% of KS filled composite. Further addition of KS caused 

remarkable decrease in tensile strength. Impact strength of PLA reduced by KS additions. The highest impact 

energy value was found in PLA-15 KS sample among composites. Hardness of neat PLA increased after KS 

inclusions. KS loaded PLA gave slightly higher MFR values compared to neat PLA. SEM micro-images of 

composites implied that KS particles dispersed homogeneously in PLA matrix at their lower loading ratio. Large 

agglomerates and poor dispersion were obtained for higher concentrations of KS since they favor particle-

particle interactions. According to these results, concentrations of 10wt% and 15wt% were determined as 

suitable for calcite containing PLA composites.  

 

Keywords: poly (lactic acid), calcite, composite material, extrusion 

 

Kalsit Takviyeli Poli (Laktik Asit) Kompozit Malzemelerinin Hazırlanması ve Karakterizasyonu 

Öz 

Bu çalışmada, kalsit (KS) minerali ağırlıkça %5, 10, 15 ve 20 konsantrasyonlarında poli (laktik asit) (PLA) ile 

ekstrüzyon işlemi kullanılarak karıştırılmıştır. PLA ve kompozitlerin test numuneleri enjeksiyon kalıplama ile 

hazırlanmıştır. Kompozitlerin karakterizasyonları, çekme, sertlik ve darbe testlerini içeren mekanik testler, 

erime akış hızı testi (MFR) ile akış davranışı ve taramalı elektron mikroskopi (SEM) yöntemi ile morfolojik 

çalışmalar baz alınarak yapılmıştır. Mekanik test sonuçları, çekme dayanım ve modülde en yüksek artışa %10 

KS eklenmiş kompozitte saptandığını göstermiştir. Daha fazla KS eklenmesi çekme dayanımında belirgin 

düşüşe neden olmuştur. PLA’nın darbe dayanımı KS eklenmesi ile azalmıştır. Kompozitler arasında en yüksek 

darbe enerjisi PLA-15 KS numunesinde bulunmuştur. Eklentisiz PLA’nın sertliği KS eklemelerinden sonra 

artmıştır. Eklentisiz PLA’ya kıyasla, KS takviyeli PLA biraz yüksek MFR değerleri vermiştir. Kompozitlerin 

SEM mikro-resimleri göstermiştir ki; KS parçacıkları düşük ekleme oranlarında PLA matrisi içinde homojen 

şekilde dağılmıştır. KS yüksek konsantrasyonlarda parçacık-parçacık etkileşimlerini tercih ettiğinden büyük 

aglomeratlar ve zayıf dağılım gözlenmiştir. Bu sonuçlara göre, %10 ve %15 konsantrasyonları kalsit içeren 

PLA kompozitleri için uygun olarak belirlenmiştir. 

 

Anahtar Kelimeler:  poli (laktik asit), kalsit, kompozit malzeme, ekstrüzyon 
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1. Introduction 

Environmentally friendly composite materials 

gain scientific attention because of recent 

progress in pollutant problems. Development 

and widely usage of bio-degradable polymers 

seem to be one of the favorite solution in the 

case of these environmental problems. 

Environmentally friendly composites provide 

several advantages including weight 

reduction, practical production and bio-

compatibility. These promising materials 

have found effective usage mostly in 

packaging, textile, and transportation 

applications in recent years (Weber, 2002; 

Bismarck et al., 2006; Tayfun, 2015; Mann et 

al., 2018; Yıldızhan et al., 2018). 

Poly (lactic acid) (PLA) is one of the 

commercially available bio-degradable 

polymers. PLA has various advantages such 

as recyclability, bio-degradability, 

environmentally friendly, bio-compatibility 

and practical processing characteristics 

(Hottle et al., 2013; Doppalapudi et al., 2014). 

It has a potential of reduction for disposal 

problem related with packaging applications. 

Compounding of PLA with several fillers 

open way to perform its efficient applications 

by enhancement of related properties of PLA 

based composites (Lezak et al., 2008; Rasal et 

al., 2010; Ren, 2011; Bajpai et al., 2012; 

Murariu and Dubois, 2016; Piekarska et al., 

2016; Tayfun and Dogan, 2016; Eselini et al., 

2019). As a biomaterial, PLA and its 

composites are used in numerous applications 

including bio-resorbable stents, drug delivery 

systems, orthopedic devices and tissue 

engineering (Farah et al., 2016; Piorkowska, 

2019). 

Environmentally friendly composites are 

developed by adding natural fillers to bio-

degradable polymers. Naturally occuring 

minerals are widely used as natural additives 

for plastics since they have low cost. There are 

several characteristic factors which effect the 

final performance of mineral containing 

polymer composites such as their particle size, 

adding amount and shape (Theberge, 1982; 

Liang, 2003; Rathon, 2003; Metin et al., 2004; 

Xanthos, 2005; Dike et al., 2017; Kanbur and 

Tayfun, 2018).  

Calcite (KS) is the most abundant crystalline 

form of calcium carbonate mineral. It is 

obtained from the marine deposits areas. KS 

has been widely used as an additive to 

polymers for the main purpose of obtaining 

cheap plastic materials (Wake, 1971; Jerzy, 

1993). However, addition of calcite yields 

increase on varied behaviors of polymers 

besides reduction of cost. The effects of 

calcite additions on the basic properties 

including mechanical, rheological, thermal, 

breathability, flame resistance and 

waterproofness of polymeric materials were 

studied (Demjen et al., 1998; Tayfun, 2006; 

Yang et al., 2006; Tian and Tagaya, 2007; 

Gorna et al., 2008; Dogan and Bayramli, 

2009; Fuad et al., 2010; Isitman et al., 2011; 

Betingytė et al., 2012; Zhitong et al., 2014; 

Ozen and Simsek, 2016; Mat et al., 2017; 

Ayaz et al., 2018). Research works related 

with PLA composites containing KS mostly 

performed in biomaterial field according to 

literature (Cho et al., 1997; Maeda et al, 2002a 
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and b; Kasuga et al., 2003). In these studies, 

apatite-forming abilities of KS containing 

PLA composites were postulated in order to 

examine the recovery of the part of bone 

defects. 

The main aim of this study is to postulate the 

effect of calcite concentration on the 

mechanical, melt-flow and morphological 

properties of KS loaded PLA bio-composites. 

Composite materials were prepared using lab-

scale extrusion and test samples were shaped 

by injection molding process. Tensile test, 

hardness measurements, impact test, melt-

flow rate test and scanning electron 

microscopy (SEM) analysis were conducted 

in order to characterize the properties of PLA 

based composites. Conventionally used 

fabrication and characterization techniques 

were preferred to provide detailed information 

for the industrial application of PLA/KS 

composite system.   

2. Material and Methods 

2.1. Materials 

 

The commercial PLA was supplied from 

Natureworks LLC, USA with the trade name 

of Ingeo biopolymer 6100D. This extrusion 

grade PLA is available in pellet form.  It has a 

number avarage molecular weight (Mn) and 

density of nearly 190,000 and 1.24 g/cm3, 

respectively. Calcite powder (OMYACARB 3 

EXTRA- GZ) was obtained from Omya 

Mining Inc, Istanbul, Turkey. It has an 

average particle size of 5 microns. 

2.2. Production of composites 

 

Composite materials were produced using 

DSM Xplore twin screw extruder with 

processing temperature, mixing rate and 

mixing time of 210˚C, 100 rpm and 5 minutes, 

respectively. The unfilled PLA was mixed 

under the same processing conditions and 

named as PLA. Loading ratio of KS was 

varied with 5, 10, 15 and 20 wt%. Test 

samples of prepared composites were shaped 

by micro-injection molding, Daca Instruments 

at a barrel and mold temperatures of 210˚C 

and 60˚C, respectively. 

2.3. Characterization methods 

 

Tensile tests were done using Lloyd LR 30 K 

universal tensile testing device with 5 kN load 

cell and crosshead speed of 5 cm/min. Tensile 

strength, percentage elongation and tensile 

modulus parameters were recorded as 

minimum of three samples with the standard 

deviations. Hardness tests were carried out by 

Zwick digital hardness tester device and shore 

D type hardness values of samples were 

determined. Impact test was performed by 

Coesfeld material impact tester. Melt flow 

rates (MFR) of samples were measured using 

Coesfeld meltfixer LT with the standard load 

of 5 kg at temperature of 210˚C. The fractured 

surfaces of composites obtained from impact 

test were used for the morphological 

characterization using FEI Quanta 400F 

scanning electron microscope (SEM). 

3. Resarch Findings 

3.1. Tensile test 

 

Tensile test data of PLA and composites are 

listed in Table 1. It can be seen from Table 1 

that tensile strength of PLA slightly increased 

with the addition of KS at lower 

concentrations. 20% loading of KS showed 

remarkable decrease in tensile strength values. 

The tensile strength values of PLA-10 KS and 

PLA-15 KS were found to be higher relative 

to other composite samples. These results may 

be due to the agglomeration formations of KS 

particles into PLA phase after 15% 

concentration. Composites gave remarkably 

lower percent elongation values compared to 
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unfilled PLA. It is well-known tensile 

behavior of plastics that increase in tensile 

strength yields reduction in elongation values 

(Vishu, 1998; Brown, 1999; Piekarska et al., 

2017; Alghadi et al., 2020; Hatipoglu and 

Dike, 2020) Tensile modulus of PLA and 

composites were found nearly identical 

according to Table 1. 

 

Table 1. Tensile test results 

Samples Tensile Strength (MPa) 

 

Tensile Modulus (GPa) 

 

Elongation (%) 

 PLA 58.10.7 1.00.1 11.80.5 

PLA-5 KS  59.40.8 1.00.1 9.50.5 

PLA-10 KS 60.61.0 1.10.1 8.80.3 

PLA-15 KS 59.90.7 1.10.1 9.10.5 

PLA-20 KS  56.80.9 1.00.1 9.70.4 

3.2. Impact test 

 

Impact strength values of PLA and 

composites are shown in Figure 1. Additions 

of KS caused improvement in impact energy 

of PLA regardless of loading ratios. This 

finding indicates that PLA gained resistance 

to suddenly applied load by incorporation of 

KS. Impact strength of composites increased 

with the amount of KS up to concentration of 

15%. Further addition of KS gave lower 

impact energy as can be seen from Figure 1. 

The highest impact strength value was 

obtained for PLA-15 KS sample. Similar 

results were reported in the literature that 

calcite additions had positive effect for impact 

resistance of polymer composites (Thio et al., 

2002; Zuiderduin et al., 2003; Jiang et al., 

2007; Gahleitner et al., 2012). 

 

 

 

Figure 1. Impact test results 

 

 

 

3.3. Hardness test 

 

Shore hardness values of PLA and composites 

are listed in Table 2. Hardness of neat PLA 

increased with the addition of KS. Shore 

hardness of composites improved as the 

concentration of KS increase in PLA matrix. 

In other words, KS inclusion caused increase 

in rigidity of PLA.  

 

Table 2. Hardness test results  

Samples  Shore (Type D) 

PLA 50.5 

PLA-5 KS  51.6 

PLA-10 KS 53.2 

PLA-15 KS 54.3 
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PLA-20 KS  54.0 

 

3.4. MFR measurements 

 

According to MFR values shown in Figure 2, 

inclusion of KS caused remarkable increase 

for MFR value of PLA. MFR values displayed 

increasing trend with filling ratio of KS. This 

result revealed that processing applications of 

KS containing composites can be easily 

performed due to melt-flow property of PLA 

not much affected by KS additions. The 

related studies in the literature support that 

calcite and similar particle inclusions showed 

no dramatic changes for melt viscosity of 

polymers (Ge et al., 2009; Jikan et al., 2009; 

Kiehl et al., 2012; Tayfun et al., 2017; Kanbur 

and Tayfun, 2017; Dike and Yilmazer, 2019). 

 

 
Figure 2. MFR test results 

 

3.5. SEM studies 

 

SEM micro-images of composites are 

represented in Figure 3. Calcite particles were 

well-dispersed into PLA matrix at lower 

filling ratios. Formations of agglomerates 

were observed for higher concentrations of 

KS. These findings may cause from the 

increasing particle-particle interactions with 

respect to particle-matrix interactions as the 

amount of KS increases. Relatively more 

homogeneous dispersion of KS into PLA 

matrix was found at lower concentrations due 

to the increase in particle-matrix interactions 

between PLA and KS phases. Improvement of 

mechanical properties were related with these 

observations. 

 

 
Figure 3. SEM micro-images of composites 

 

 

4. Conclusion 

In this research study, the effect of calcite 

addition on the mechanical, melt flow and 

morphological properties of PLA based 

composites were investigated. Mechanical 

test results implied that KS containing 

composites gave higher tensile strength and 

impact strength values compared to neat PLA. 

Additions of KS resulted in slight decrease for 

elongation of PLA. Tensile modulus of PLA 

stayed nearly the same after KS inclusions. 

Hardness of PLA also increased with the 

increased amount of KS. The optimum 

concentration of KS was estimated as 15 %wt 

in the case of mechanical characterization. 

MFR value of PLA showed slight 

improvement with the additions of KS. The 

observation of nearly identical MFR 

parameters for PLA and KC confirmed that 

KC additions caused no significant change for 

processing conditions of PLA based 

composites. According to SEM analysis, more 

homogeneous dispersion was observed for 

composites contain lower amount of KS with 
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respect to the higher content of KS. Relatively 

better interactions were reached between 

calcite and PLA phases at lower filling ratios 

of KC. Morphological characterizations 

supported the findings which provided 

improvement in mechanical properties of 

composites at 10%wt and 15%wt 

concentrations of KC. 
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