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ABSTRACT 

 
In recent years, there has been growing interest in using agricultural waste in thermoplastic composites. This is due to the 

environmental benefits of such composites and their potential as sustainable alternatives to conventional mineral-filled 

thermoplastics. The aim of this study was to develop halogen-free flame-retardant polypropylene composites filled with apricot 

kernel shells, intended to replace conventional mineral-filled thermoplastic composites. Polypropylene-based composites with 

apricot kernel shells at varying weight percentages (10%, 20%, 30%, and 40%) were manufactured by a twin-screw extruder 

and an injection molding machine. The optimal filling ratio of 20% by weight was determined by analyzing the material's 

mechanical, thermal, and physical properties. Further improvement in the mechanical properties of composites, along with 

enhanced interaction between the filler and matrix, was achieved by adding 2% by weight of MAPP. Although the mechanical 

properties of the composites were significantly enhanced with the addition of 2 wt% compatibilizer, the thermal properties 

remained unchanged. The addition of a halogen-free flame retardant decreased the mechanical properties of the composites 

considerably, but it improved their thermal stability and horizontal flame-propagation speed. Compared to the 20 wt% apricot 

kernel shell-filled polypropylene composite without flame retardant, the incorporation of 5 wt% flame retardant resulted in a 

33% reduction in burning rate. 
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INTRODUCTION 

Since the latter part of the 20th century, composite materials have garnered significant interest in 

materials science and advanced technology. Industries such as aerospace, construction, automotive, 

sports, and biomedical extensively utilize these materials due to their superior mechanical and structural 

qualities, resistance to chemicals, and ability to withstand abrasions[1]. Thermoplastic composite 



 

 

materials are particularly notable for their low weight, high chemical resistance, ease of processing, and 

recyclability, making them especially valuable in the automotive industry[2]. These composites are often 

reinforced with a variety of fillers and polymeric matrices derived from petroleum. However, the 

synthetic nature of these reinforcements and resin systems raises environmental concerns. Consequently, 

researchers are focusing on the use of natural fillers and reinforcements, along with bio-based or 

biodegradable resins, to develop greener and more environmentally friendly composite materials[3, 4]. 

Despite their potential, bio-based or biodegradable resins currently exhibit mechanical and thermal 

properties that are insufficient for certain applications, and their industrial production remains costly 

and limited. To address these challenges, numerous initiatives aim to enhance bio-resin production and 

replace conventional petroleum-derived resins. One promising approach to making composites more 

environmentally friendly involves the use of natural fibers or fillers, particularly agricultural wastes, 

which hold significant potential as natural fillers[5]. 

Bio-based additives are used to enhance the mechanical and chemical properties of thermoplastics. 

These additives include lignin, cellulose, starch, and polymers derived from various vegetable oils. 

Agricultural wastes such as rice husks, corn cobs, and cotton linters are significant sources of bio-based 

additives. Utilizing these wastes not only valorizes the materials but also mitigates environmental 

impacts[6]. However these naturel additives are mainly composed of cellulose, hemicelluloses, lignin 

and other components, which impart the plant fiber with inherent flammability[7]. Few studies have 

investigated composite structures with high flame resistance made from natural fibers combined with 

halogen-free flame-retardant chemicals. Given that certain plastic parts in the automotive industry come 

into contact with cables and electronic components, enhancing combustion performance while meeting 

the criterion of lightness is essential. This approach also lowers the carbon footprint[8, 9]. 

Turkey is one of the leading countries in apricot production, leading to significant apricot kernel 

waste. Utilizing apricot kernel powder in plastic production holds substantial economic and 

environmental potential. This powder can be used as a filler in thermoplastic composites, enhancing the 

material's mechanical properties while contributing to waste management [10]. The use of a locally 

abundant resource like apricot kernel not only enhances cost efficiency but also aids in valorizing 

agricultural waste in Turkey[11] 

Studies on apricot kernel shell in thermoplastic matrices are very limited, and to the best of our 

knowledge, its use in flame-retardant polypropylene systems has not been previously reported. While 

many studies examine mechanical reinforcement of PP with lignocellulosic fillers, significantly fewer 

studies address flame retardancy in such systems, particularly using halogen-free phosphorus-based 

additives. In this study, we specifically investigate how apricot kernel shell powder as an agricultural 

waste interacts with a nitrogen–phosphorus-based flame retardant and how this combination affects 



 

 

horizontal burning behavior (UL-94 HB), thermal stability, thermomechanical performance, 

crystallization behavior. 

 

 

EXPERIMENTAL 

Materials 

Polypropylene copolymer with the trade name 49MK45 was supplied by Sabic Industries Corporation 

(Saudi Arabia). The filler material used was apricot kernel shell powder with a particle size of 100 µm, 

which was provided by Tersun Apricot Kernel Processing Industry (Turkey).The halogen-free flame 

retardant (FR) additive, with the trade name EPFR-100A and based on nitrogen and phosphate, was 

purchased from Presafer Phosphor Chemical Co. Ltd. (China). In order to improve the compatibility 

between the filler and the polymeric matrix, a compatibilizer containing maleic anhydride grafted 

poylpropyelene (MAPP), trade name Licocene 7452, was supplied by Clariant AG (Switzerland). 

 

Production of Composites 

This study was carried out in two stages. In the first stage, PP composites filled with apricot kernel shell 

(K) at varying ratios of 10%, 20%, 30% and 40% by weight were produced and characterized to examine 

the effect of varying filler ratio. Based on physical, thermal, and mechanical properties, a 20 wt% filler 

ratio was chosen as optimal, and 2% MAPP was added to the PP composite to enhance the interaction 

between the filler and the matrix. In the second stage, FR additives were added at 5 wt%, 10 wt%, 15 

wt% and 20 wt% to improve the flame retardancy performance of apricot kernel shell filled PP based 

composites, and their physical, mechanical, thermal and flame retardancy properties were analyzed. 

Specimen codes and their composition are shown in Table 1.  

Table 1. Specimen codes and their compositions. 

Specimen Codes Composition (%) 

PP K MAPP FR 

10K 90 10 0 0 

20K 80 20 0 0 

30K 70 30 0 0 

40K 60 40 0 0 

20K-2MAPP 78 20 2 0 

20K-2MAPP-5FR 73 20 2 5 

20K-2MAPP-10FR 68 20 2 10 

20K-2MAPP-15FR 63 20 2 15 

20K-2MAPP-20FR 58 20 2 20 

 



 

 

All composite materials were produced using Leistritz Extruder Corporation twin screw extruder, 

ZSE 27 MAXX model, with a screw diameter of 27 mm and an L/D ratio of 48, rotating in the same 

direction. Test specimens for characterizing the produced PP composite granules were prepared using a 

Bole injection molding machine, BL90EK model. Injection molding conditions for each test sample 

were kept constant throughout the injection process. 

Characterization methods 

Density measurement 

The densities of the composites were determined using a Kern brand MD-200S model density meter, 

following the ISO 1183-1 standard. The density of each composite was measured three times, and the 

average was recorded. 

Melt flow index (MFI) 

MFI measurements of the composites were performed using a Göttfert Melt indexer mi2.2. The 

measurements were carried out at a melt temperature of 230°C and a piston load of 2.16 kg, following 

the ISO 1133-1 standard. 

Tensile test 

A Hegewald-Peschke Inspect 20 tensile strength testing machine, equipped with a video extensometer 

system, was used to assess the mechanical strength of the composites according to ISO 527 standard. 

The tensile strength of the specimens was measured at room temperature with a test speed of 50 mm/min 

and a 20 kN load cell. At least five repetitions were conducted for each sample, and average values were 

calculated. 

Flexural test 

The flexural characteristics of PP composites were assessed using the ISO 178 standard. A Hegewald & 

Peschke Inspect 20 universal testing machine was utilized to conduct the bending test at room 

temperature. The crosshead speed was set to 2 mm/min, and the span length was 32 mm. Five repetitions 

were conducted for each sample, and average values were calculated. 

Impact strength test 

The Instron brand device was utilized to test the impact strength, following the procedures outlined in 

the ISO 180 standard at room temperature. Each measurement was repeated three times, and the average 

result was recorded. 

Heat deflection temperature (HDT) test 

The HDT values of PP composites were determined using a Coesfeld brand HDT-Vicat Testing 

Instrument in accordance with the ISO 75 standard. The standard pressure was set at 1.8 MPa, and the 

heating rate was maintained at 120 K/h. 



 

 

Vicat softening temperature (VST) test 

The VST values were determined in accordance with ISO 305 standard, employing a 50 N load and a 

heating rate of 120 K/h. 

 

 

Differential scanning Calorimetry (DSC) analysis 

DSC analysis of the samples was performed using a TA Instruments Inc. DSCQ20 model device. The 

specimens were initially equilibrated at 300°C, then cooled to a final temperature of -80°C at a rate of 

10 °C/min. Subsequently, the specimens were heated from -80°C to 300°C at a heating rate of10°C/min. 

The crystallinity of the materials was then calculated using the following equation based on the results 

obtained from the DSC analysis. 

𝑋𝑐(%)
∆𝐻𝑚

(1 − 𝑦)∆𝐻0𝑚
𝑥100 

where Xc denotes the crystallinity, ∆Hm represents the enthalpy of the samples (J/g), y indicates the 

weight ratio of filler/additive.  ∆H0
m is the enthalpy of melting of PP with 100% crystallinity (∆H0

m: 207 

J/g)[12]. 

Thermogravimetric (TG) analysis 

TG analysis of the composites was performed using a TGA-Q50 instrument from TA Instruments Inc. 

The heating process was carried out at a heating rate of 10°C/min under a nitrogen atmosphere, up to 

800°C. 

UL-94 horizontal burning test 

An Atlas brand HVUL-2 model horizontal and vertical flammability analyzer was utilized to determine 

the flame-retardant properties of the composites. The tests were conducted in accordance with the UL94-

HB Standard, measuring the flame speed of specimens that were 125 mm long, 3 mm wide, and 3 mm 

thick, after exposure to a fixed flame source at a 45° angle for 30 s. The material was marked at intervals 

of 25 mm, 75 mm and 25 mm, and the time taken to burn the remaining portion after the first 25 mm 

was ignited served as the basis for analysis. 

Scanning electron microscopy (SEM) analysis 

A Scanning Electron Microscope (SEM, Carl Zeiss 300VP, Germany) was employed to characterize the 

morphological changes of composites. Prior to SEM observations, fractured surfaces of the samples 

were coated with a thin layer of gold using plasma sputtering apparatus. All SEM images presented in 

this study were obtained from tensile fracture surfaces of specimens tested according to ISO 527.  

 

RESULTS AND DISCUSSION 



 

 

Density 

The density values are given in Error! Reference source not found.. From the lowest to the highest filler r

atio with PP, the densities of composites were determined to be 0.91 g/cm3, 0.92 g/cm3, 0.95 g/cm3, 0.96 

g/cm3, and 0.98 g/cm3, respectively. As expected, there were no significant differences in density values 

as the filling ratio increased due to the low density of the apricot kernel shell. This finding is consistent 

with the results of earlier research that have been published in the literature [13, 14]. The density of the 

composites remained unaffected after the addition of MAPP. However, the density of the composites 

increased with the addition of FR additive. Density also serves an indication that the additive can be 

accurately added to the composite with minimum loss. 

Table 2. Density values of PP composites. 

Specimen Name Density (g/cm3) 

PP 0.91 ± 0.01 

10K 0.92 ± 0.01 

20K 0.95 ± 0.00 

30K 0.96 ± 0.01 

40K 0.98 ± 0.01 

20K-2MAPP 0.96 ± 0.01 

20K-2MAPP-5FR 0.98 ± 0.01 

20K-2MAPP-10FR 1.02 ± 0.01 

20K-2MAPP-15FR 1.04 ± 0.01 

20K-2MAPP-20FR 1.09 ± 0.01 

 

Melt flow index 

MFI values of PP composites were measured, and the results are shown in Figure 1. As the filler content 

increased, the MFI value decreased. Since MFI is a measure of material viscosity, the decrease in MFI 

value can be attributed to the increasing viscosity. As the filler ratio increased, the movement of 

thermoplastic polymer chains became more difficult, resulting in an increase in the material's 

viscosity[15]. The addition of MAPP and FR additives did not cause a significant change in MFI. 

However, ahigh FR loading of 20wt% restricted the movement of the polymer chains, leading to a 

decrease in the MFI value[16]. 



 

 

 

Figure 1. MFI values of PP composites. 

Mechanical properties 

Tensile strength 

Tensile properties of PP and its composites are presented in Error! Reference source not found.. It was o

bserved that the tensile strength of PP composites filled with apricot kernel shell powder decreased with 

increasing the filler content. The highest tensile strength was obtained in 10K composite with 18.1 MPa, 

and the lowest tensile strength was obtained in 40K composite with 13.6 MPa. Increasing the filler ratio 

increases the interaction between particles and causes an increase in the stress concentration in the 

matrix, resulting in uneven stress distributions. Thus, the material is unable to evenly distribute the loads 

applied to it. Since tensile strength is a measure of the maximum force that the material can withstand 

under a tensile test, a decrease in tensile strength is expected[17, 18]. The moduli of elasticity values of 

PP, 10K, 20K, 30K, 40K were obtained to be 1521 MPa, 1652 MPa, 1851 MPa, 1902 MPa, 2004 MPa, 

respectively. It was observed that the highest modulus of elasticity value was obtained in the 40K 

composite, and the moduli of elasticity of the materials generally tended to increase with increasing 

filler ratio [19-21]. The addition of MAPP increased the tensile strength of the composite and showed a 

significant improvement compared to the 20K composite without compatibilizer. It was observed that 

the tensile strength increased due to the compatibilizer improves the filler-matrix interface[22]. 

Examination of the tensile strength results revealed that noticeable difference cannot be observed until 

10 wt% FR loading. However, when the FR ratio increased to 20wt%, a comparatively significant loss 

in tensile strength was reported in this study. The 20K-2MAPP-20FR composite has shown the lowest 

tensile strength (19.5 MPa). Due to a loss of matrix homogeneity caused by high amounts of FR 

additives, the tensile strength was reduced[23, 24]. It can be concluded that there is an increasing trend 

in the modulus of elasticity because of the rising FR ratio, which makes composite materials stiffer and 

less capable of flexing under stress-strain pressures[25]. 



 

 

Table 3. Mechanical properties of PP composites. 

Composition 
Tensile  

Strength 
(MPa) 

Elastic Modulus 
(MPa) 

Flexural 
Strength 

(MPa) 

Flexural 
Modulus 

(MPa) 

Izod Notched 
Impact Strength 

(kJ/m2) 

PP 24.6 ± 0.2 1521 ± 77 28.2 ± 0.2 762 ± 34 6.0 ± 0.0 

10K 18.1 ± 0.1 1652 ± 46 27.8 ± 0.2 891 ± 54 5.3 ± 0.6 

20K 17.2 ± 0.3 1851 ± 62 32.4 ± 0.5 1275 ± 71 4.8 ± 0.9 

30K 17.1 ± 0.2 1902 ± 89 33.8 ± 0.2 1634 ± 46 3.6 ± 0.3 

40K 13.6 ± 0.3 2004 ± 102 24.6 ± 0.4 1801 ± 91 3.3 ± 0.6 

20K-2MAPP 21.8 ± 0.2 1602 ± 92 42.1 ± 0.7 1562 ± 45 6.1 ± 0.6 

20K-2MAPP-5FR 21.7 ± 0.5 1982 ± 82 35.4 ± 0.1 1756 ± 82 7.0 ± 0.0 

20K-2MAPP-10FR 22.3 ± 0.0 2254 ± 95 35.6 ± 0.4 1999 ±91 6.0 ± 0.0 

20K-2MAPP-15FR 21.4 ± 0.5 2673 ± 78 37.8 ± 0.4 2391 ± 87 6.0 ± 0.0 

20K-2MAPP-20FR 19.5 ± 1.7 3267 ± 101 36.0 ± 0.1 2651 ± 53 5.0 ± 0.0 

 

 

 

Flexural properties 

When examining the flexural strength of the composites, it is observed that it increases up to a 30 wt% 

filler reinforcement, but then begins to decrease. As explained in the literature, this phenomenon occurs 

because the filler is homogeneously dispersed in the matrix, enhancing its interaction with the matrix 

and thereby increasing the material's load-bearing capacity under bending, leading to an increase in 

flexural strength[26]. However, with further increases in filler ratio, the flexibility of the material 

decreases, along with its resistance to bending forces, resulting in a subsequent decrease in flexural 

strength. Moreover, as the filler ratio increases, the stiffness of the material, and consequently the 

flexural modulus values, also increase[27]. MAPP addition into the composites increased the flexural 

strength and modulus by increasing the interaction between the filler and the polymer. Upon analysis of 

the flexural strength values (Table 3), it is observed that it tends to increase slightly up to 15% flame 

retardant additive loading after which it starts to decrease at higher loadings. Although not significant, 

this increase can be attributed to the flame retardant additive, which renders the structure of the 

polymeric matrix more rigid, thereby reducing the material's flexibility under applied bending 

forces[28]. 

Impact strength 

As can be seen from Table 3, notched impact strength values of filled composites decreased compared 

to that of PP. The decrease in impact strength with an increase in the filler ratio is explained in the 

literature as the material starts to lose its flexibility due to the increase in stress within the matrix. 

Consequently, its capacity to absorb impact energy decreases, making it more brittle[27, 29]. The 

addition of MAPP improved the impact resistance as well as other mechanical properties. This indicates 

that the compatibility between the matrix and filler enhances the interface and increases the ability of 

the composites to absorb energy against an external force. As the FR ratio increased, the impact strength 



 

 

of PP composites decreased. This can be explained by the FR additive decreasing the efficiency of the 

matrix interface. Similar to Khairiah and Amamer's (2010) study, the 20K-2MAPP-20FR composite 

with 20% FR had the lowest impact strength[30]. The 20K-2MAPP composite without FR had the 

highest notched-impact strength value (7.0 kJ/m2). 

HDT-VST  

HDT and VST values of PP and its composites are presented in Table 4. The results indicate that upon 

adding 30K into PP, both HDT and VST values of PP increased. It is generally known that fillers tend 

to increase the HDT and VST values due to their superior thermal stability compared to the matrix, thus 

improving their ability to maintain shape at elevated temperature. However, this enhancement directly 

depends on the interaction between the filler and the matrix. At 40 wt% filler content, HDT and VST 

decrease despite higher filler loading. This suggests that excessive filler content may lead to matrix 

discontinuity, increased porosity and microvoid formation, and local stress concentration sites. The 

weakening of the matrix-filler interface at high filler ratios, the degradation of the filler's homogeneity 

in the matrix, and the reduction in heat conduction are the reasons for the decrease in HDT and VST 

values in 40K composite[31].The addition of a compatibilizer increased the HDT and VST values of 

composites. This can be explained by the fact that MAPP improves the bond between the filler and 

polymer matrix, resulting in a more rigid structure that may also possess better thermal properties[32].It 

was obtained that as the FR additive ratio increased, so did the HDT and VST values. The 20K-2MAPP-

20FR composite has the highest HDT and VST values, indicating that the additional flame-retardant 

additive improves the composites' thermal stability and their capacity to withstand loads and high 

temperatures without deforming. Conversely, increasing the ratio of flame-retardant additive improves 

the composites' structural stability and increases the temperature at which the material begins to soften 

under load. 

 

Table 4. HDT and VST values of PP composites. 

Specimen Name HDT (°C) VST (°C) 

PP 65 82 

10K  63 79 

20K 65 80 

30K 71 87 

40K 68 69 

20K-2MAPP 72 88 

20K-2MAPP-5FR 61 83 

20K-2MAPP-10FR 64 86 

20K-2MAPP-15FR 70 87 

20K-2MAPP-20FR 74 89 

 

DSC analysis 



 

 

Figure 2 shows DSC curves of both PP and its composites, and Table 5 summarizes the data collected 

from the DSC curves. As expected, changing the filler ratio and adding FR material did not lead to a 

significant change in the melting temperatures of the composites. It is known that fillers have minimal 

impact on the crystalline structure of the polymer and, consequently, on the melting behavior of the 

material. The melting temperature corresponds to the chemical structure of the polymer matrix[33].It 

was shown that as the FR loading ratio increased, the melting enthalpy of the composites decreased. 

This is expected because incorporation of FR modifies the polymer chains' crystal structure and reduces 

their interchain interaction. Compared to the 20K-2MAPP composite without FR, the crystallinity values 

of all composites with FR generally increased.  This can be explained by the fact that the FR addition 

makes PP composites more thermally stable, allowing crystallization to occur at higher temperatures 

and resulting in higher crystallinity values. 

 

Table 5. DSC data of PP composites. 

Composition Tm (°C) ΔHm(J/g) Tc (°C) ΔHc (J/g) Xc (%) 

PP 162 85.8 115 95.2 41.5 

10K 162 71.1 117 77.4 38.1 

20K 163 62.9 122 68.6 38.0 

30K 162 63.5 120 64.2 43.8 

40K 161 52.3 118 56.3 42.1 

20K-2MAPP 162 57.7 121 70.7 34.9 

20K-2MAPP-5FR 163 62.4 124 67.6 40.7 

20K-2MAPP-10FR 163 55.1 124 57.8 39.1 

20K-2MAPP-15FR 163 49.9 125 59.9 38.3 

20K-2MAPP-20FR 164 51.5 125 54.3 42.9 

 

 

Figure 2. DSC curves of PP and its composites. 



 

 

 

TG analysis 

TGA curves and the data obtained from these curves are presented in Figure 3 and Table 6 respectively. 

As can be seen from Table 6, Neat PP exhibited a maximum degradation temperature (Tmax) of 472°C 

and a temperature at 5% mass loss  value (T5%) of 426°C, with nearly complete volatilization (99.8% 

total weight loss), which is consistent with the typical single-step thermal degradation behavior of PP 

under nitrogen atmosphere[34]. The incorporation of apricot kernel shell significantly influenced the 

initial thermal degradation of the composites. Although Tmax values remained relatively close to that of 

neat PP at low filler loadings (for 10K, Tmax= 472°C), a gradual decrease was observed at higher filler 

contents, decreasing 432°C for the 40K composite. This reduction can be ascribed to the presence of 

lignocellulosic components such as hemicellulose, cellulose, and lignin, which thermally decompose at 

lower temperatures (typically between 250–350°C) compared to polypropylene[35]. Therefore, the 

early-stage degradation behavior of the composites is mainly governed by the thermal decomposition of 

the natural filler. This effect is more clearly reflected in the T5% values. A marked decrease in T5% was 

observed with increasing filler ratio, dropping from 426°C for neat PP to 321°C (10K), 272°C (30K), 

and 256°C (40K). These results confirm that the initial thermal stability of the composites decreases due 

to the earlier degradation of apricot kernel shell particles. The total weight loss decreased with increasing 

apricot kernel shell content, from 99.8% for neat PP to 92.7% for the 40K composite. There were no 

significant changes in the maximum mass losses due to increasing filler ratio[36]. As the FR loading 

increased to 20 wt%, Tmax value increased from 463°C to 480°C. Additionally, the total mass loss 

significantly decreased, reaching 83.7% for the 20K-2MAPP-20FR composite. This behavior indicates 

enhanced char formation and improved thermal resistance at high temperatures. It can be reported that 

as the FR content increased, the total mass loss of the composites reduced. This can be attributed to the 

fact that FR additions enhance the materials' ability to burn by creating a char layer during combustion, 

which lowers mass losses[37]. 

Table 6. TGA data of PP and its composites. 

Composition Tmax (°C) Temperature at 5% weight loss (°C) Total weight loss (%) 

PP 472 426 99.8 

10K 472 321 97.6 

20K 461 383 96.6 

30K 463 272 95.5 

40K 432 256 92.7 

20K-2MAPP 463 282 96.7 

20K-2MAPP-5FR 476 286 91.2 

20K-2MAPP-10FR 477 293 89.7 

20K-2MAPP-15FR 479 292 85.2 

20K-2MAPP-20FR 480 292 83.7 

 



 

 

 

Figure 3. TGA curves of PP and its composites. 

Horizontal burning test 

The horizontal flame burning rate of PP and its composites were measured and the results are presented 

in Table 7. From the results, it was determined that the flame burning rate increased compared to PP due 

to the high flammability of apricot kernel shell, deviating from the HB flame retardancy class where it 

must be less than 40 mm/min. Performance improvement of 33% were reported for 20K-2MAPP and 

20K-2MAPP-5FR composites upon the addition of FR additive. The ability of phosphorus-based flame 

retardant to create a stable char layer on the material's surface at high temperatures helps to explain this 

improvement. This layer of char acts as a barrier to reduce heat transfer and prevents the release of 

combustible gases. The addition of phosphorus-based flame retardant results in the formation of a char 

with a tendency to be carbonaceous and dense[38]. Consequently, the FR addition helped to improve 

the flame retardancy characteristics of the composites, which had declined compared to PP, improve, 

and reduced the rate at which flames spread. Pongsa et al. (2021) also added diammonium phosphate 

and TiO2 to the composites produced using waste pineapple fibers and found that the horizontal flame 

propagation rates decreased, and combustion performances improved[39]. 

Table 7. Burning rate of flame-retardant PP and its composites. 

Composition Horizontal Flame Burning Rate (mm/min) 

PP 28.0 

20K 46.0 

20K-2MAPP 49.3 

20K-2MAPP-5FR 32.9 

20K-2MAPP-10FR 32.1 

20K-2MAPP-15FR 28.4 

20K-2MAPP-20FR 27.5 

 

SEM analysis 



 

 

SEM images of apricot kernel shell-filled PP and halogen free FR loaded apricot kernel shell-filled PP 

composites are shown in Error! Reference source not found. and 5, respectively. For the 10K and 20K c

omposites, the fracture surfaces exhibit relatively homogeneous filler dispersion with limited void 

formation. The matrix appears to partially wet the filler surfaces, although some micro-gaps and 

localized pull-out traces are visible, indicating moderate interfacial adhesion. As the filler loading 

increases to 30K and 40K, the fracture morphology becomes significantly rougher, and the presence of 

voids, agglomerated regions, and filler pull-out cavities becomes more pronounced. It can be reported 

that increasing the filling ratio leads to an increase in voids within the matrix and the formation of more 

irregular structures[40]. The incorporation of 2 wt% MAPP results in a visibly improved interfacial 

structure. The fracture surface of the 20K-2MAPP composite shows reduced interfacial gaps and fewer 

pull-out cavities compared to the non-compatibilized system. It can be noted that the filler-matrix 

interface is improved by the compatibilizer. Consequently, SEM analysis shows that the gap between 

the filler and matrix decreases, resulting in a smoother surface and a more uniform interfacial 

appearance[41, 42]. At higher FR contents (15–20 wt%), the microstructure becomes more 

heterogeneous, with increased microvoids, and localized phase separation. It can be added that the 

addition of FR disrupts the homogeneity of the composites. Increased usage of FR additives results in 

defects on the surface such as cracks, roughness, and voids[43].  

 

 

Figure 4. SEM images of PP composites. 

 



 

 

 

Figure 5. SEM images of FR loaded PP composites. 

 

CONCLUSION 

It was found that as the filler ratio increased, the MFI value decreased and the density slightly changed. 

The lowest mechanical strengths, 13.6 MPa for tensile strength, 24.6 MPa for flexural strength, and 3.3 

kJ/m2 for impact strength were achieved at a 40% filler ratio. The optimal filler ratio for PP composites 

was obtained to be 20 wt% after considering mechanical characteristics such as impact strength, tensile 

and flexural strength, modulus of elasticity, and flexural modulus. Through enhancement of the matrix-

filler interface, MAPP considerably increased the mechanical strength of PP composites. However, the 

notched impact strength of the PP composites was negatively affected by increasing the flame-retardant 

additive ratio. It was shown that, in the 20K-2MAPP-15FR composite, the burning rate decreased by 

42% (relative to the composite without flame retardant (20K-2MAPP) while the mechanical 

characteristics were mostly conserved. The burning rate was also found to be close to PP and was chosen 



 

 

as the optimum combination. This study aims to fill the knowledge gap in the literature by investigating 

halogen-free flame retardant composites filled with apricot kernel shells, as there are no any studies on 

this subject. Based on the information gathered here, it was obtained that apricot kernel shell has great 

potential to replace talc and other conventional inorganic mineral fillers, particularly in the automobile 

industry. It should be stated that mineral fillers generally provide superior dimensional stability and 

long-term thermal resistance compared to lignocellulosic fillers. However, apricot kernel shell-filled PP 

composites offer advantages in sustainability, waste valorization, and potential weight reduction.  
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