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Abstract 

 
Due to ecological considerations, natural biodegradation composites are widespread in tailoring plastics 

properties to specific needs. This work aims to demonstrate the available opportunity in using 100 and 140 mesh 

powdered mango leaf (PML) waste as a filler in polypropylene (PP) composites. Composites were produced via 

melt blending on a twin-screw internal mixer, with a different particulate size and a weight ratio of PML. 

Morphology, tensile, flexural, hardness, tear, puncture, thermal, and water absorption properties of the 

composites were assessed after 0, 1, 7, 14, and 28 days of water immersion. We found that the smaller particle 

size shows a better mechanical and water absorption of the composites, but not for thermal properties. The 

mechanical properties decreased with increasing PML content; however, these properties did not differ 

considerably from pure PP and other composites with natural filler. Besides, these polypropylene/PML 

composites showed excellent properties in water absorption. 
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1. INTRODUCTION 
Increasing concern on environmental 

issues and law enforcement have stimulated a 

growing interest in demand for eco-friendly 

materials (Amin et al., 2019; Marichelvam et 

al., 2019). As a result, many research activities 

were directed at bio-based polymers such as 

thermoplastic starch (TPS) as alternative 

renewable sources to replace fossil-based 

polymers. Thermoplastic starch seems to be 

very promising and cost-competitive among 

bio-based materials considering its availability 

in various vegetations (Amin et al., 2019; 

Marichelvam et al., 2019; Mazerolles et al., 

2019). However, starch-based materials have 

some disadvantages, such as stability, aging, 

low water resistance, and poor mechanical 

properties (Delville et al., 2003; Nguyen et al., 

2016), so their application needs to be 

investigated. Research to develop and expand 

the usability of starch based-polymer materials 

is in progress. Nowadays, starch based-

polymer materials' usability is still being 

developed in many studies (Nguyen et al., 

2016; Medina-Jaramillo et al., 2017). 

The biomass could be beneficial in 

lower energy consumption and overall 

emission from environmental contamination. 

Therefore, the biomass could be blended with 

polymer composites as fillers, reducing the 

volume of plastics in a composite as an 

alternative approach to utilizing bio-based 

material (Satoto et al., 2019). A polymer 

composite consists of a polymer matrix and 

fillers to serve specific objectives of the 

engineering materials. Better thermal stability 

has been reported on lignin/polyethylene 

blends, where lignin is a non-food natural filler 

(Wang et al., 2016; Sadeghifar & 
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Argyropoulos, 2016). Blending rice husk with 

polyethylene showed a decrease in bending 

and tensile strength (Zhang et al., 2018), but 

the modulus was increased (Bilal et al., 2014). 

Another study has been done to manipulate the 

hydrophobicity of the mixtures with 

cellulose/polyethylene blends (Dordević et al., 

2016). 

Polymeric biocomposites of pineapple 

(Kengkhetkit & Amornsakchai, 2014; Indra 

Reddy et al., 2018) and palm leaf fibers have 

also been prepared (Kocak & Mistik, 2015). 

Leaves can be one option to obtain non-wood 

natural fibers other than various parts of plants 

such as fruit, stem, and seed (Abdullah & 

Aslan, 2019). However, the use of non-fiber 

leaves for polymer composites is still limited. 

Non-fiber leaves can benefit from 

processing/treatment since no fiber extraction 

is needed and are available at a low cost 

(Scaffaro et al., 2018). So far, utilizing mango 

leaves for degradation filler in composites is 

not published yet. Mango leaf contains 27.16% 

cellulose, 53.98% hemicellulose, and 18.85% 

lignin, similar to natural fiber (Das et al., 

2013). Moreover, many mango tree varieties 

are found all over the country of Indonesia. 

Therefore, using mango leaves (as a by-

product) will help to reduce waste and 

environmental contaminants. 

Since its application is versatile, 

polypropylene (PP) is widely utilized for 

single-used articles such as packaging, 

wrapping, and bathroom amenity. 

Consequently, the waste of PP single used 

articles will be comparable to its production. 

The waste may only be landfilled or 

incinerated. The landfilled PP contaminates the 

environment for a relatively long time since its 

low degradation rate in nature. Mango leaf 

powder blended with PP was thought of as a 

degradation agent in the composites so that the 

waste extinguishing in landfills would be 

fastened. 

This research aims to prepare and 

characterize polypropylene/powdered mango 

leaves (PP/PML) composites. The study was 

done to understand the effect of different 

powdered mango leaves particle size and 

composition on mechanical properties, 

physical properties, thermal properties, and 

morphology of PP/PML composites. In 

addition, it is essential to identify the actual 

potential of PP/PML composites for possible 

future applications for single-used articles such 

as lunch boxes, wraps, cups, or bathroom 

amenities. 

 

2. MATERIALS AND METHODS 
Materials 

Fallen mango leaves were collected 

from Bandung area, West Java, Indonesia, in 

2017. Then the mango leaves were washed 

using water and dried in a room without 

heating. The leaves were then crushed and 

sieved with 140 and 100 mesh. Before melting 

blended, powdered mango leaves (PML) were 

air heat-dried for at least 24 hrs at 105 °C until 

the constant weight to keep low water content. 

Polypropylene (PP) lot number HI10HO was 

purchased from PT. Chandra Asri 

Petrochemical, Tbk. PP melting temperature 

measured at a heating rate of 5 °C/min by 

Differential Scanning Calorimetry (DSC) was 

163 °C. The maker claimed that the PP 

contained an undisclosed composition of 

conventional thermal stabilizers. 

 

PP/PML Preparation 

An Internal Mixer (Labo Plastomill 

Model 30R150, Toyo Seiki Ltd. Japan) was 

utilized for preparing PP/PML composites by 

melt blended method. The 12 (twelve) 

PP/PML composites with different PML 

particle size (140 and 100 mesh) and content 

(0, 10, 15, 20, 25, and 30 w/w) were prepared 

at the setup temperature of 180 °C. The 

rotation of double-blades was adjusted at 50 

rpm, for a time mixture of 8 min. The resulting 

compounds were then hot-pressed at 190 °C, a 

pressure of 50 kg/cm2, for 8 min, using a hot–

press (Gonno, ø152 mm, cap. 37 ton). The hot-

pressed compounds are soon quenched using a 

double-plates press. The PP/PML composites 

of ca. 120×120×0.23 mm were cut into 

specimens for tensile, puncture, and tear 

strength tests. Samples for flexural and 

hardness tests were prepared 5 mm thick. 

 

Characterization 

The samples were prepared under 

cryo-fractured to observe PML dispersion and 

interfacial bonding between the polymer 

matrix PP and filler PML on the composites. A 

gold coating was applied to prevent 

electrostatic charging from obtaining a good 

micrograph. The observation was taken on the 

outer part or surface and the cut part or edge of 

the samples. The morphologies were taken 

using a Scanning Electron Microscope (SEM, 
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JSM IT–300, Japan) at an acceleration voltage 

of 10 kV. 

Tensile, flexural, puncture and tear 

tests were performed using the Universal 

Testing Machine, Model UCT–5T. Tensile and 

flexural tests were performed according to ISO 

527-2 and ASTM D790 standards. The tensile 

speed was set to 5 mm/min. Measurement of 

flexural strength was performed following 

procedure B since the samples did not break 

after the flexural strain of more than 5%. 

Puncture and tear resistance tests were carried 

out according to ASTM D4833 and ASTM 

D1004. The hardness of samples was measured 

using a ball indenter of 12.7 mm, minor load, 

and significant loads of 10 and 60 kg, 

respectively. The hardness reading was taken 

15 s after releasing major to minor loads 

following ASTM D785. Rockwell Hardness 

scale R (HRR) measurement was performed 

using machine Matsuzawa Mrk–M. Each 

PP/PML composite formulation for every 

property was tested in five specimens. 

The effect of PML content on physical 

properties was evaluated on water absorption 

of the composites according to ASTM D570. 

The composites sheets were cut into specimens 

of size 76.2×25.4 mm. Five specimens of each 

composition were oven-dried at 50 °C for 24 

hrs and then immersed in distilled water for a 

specific time and maintained at room 

temperature. The samples were taken out at 

regular time intervals and wiped to measure 

the water absorption. The amount of water 

absorbed was determined by measuring the 

mass difference between the initial and after 

immersed in water. Thermogravimetric 

analysis of all PP/PML composites was 

evaluated using TGA Netzsch TG 209 F1 

Libra. The samples with an average mass of 9 

mg were heated at 40–550 °C with a heating 

rate of 10 °C/min under an inert atmosphere 

(flow rate 20 mL/min gas N2). The effect of 

PML on the thermal stability of the composites 

was observed as that of pure PP. 

 

3. RESULTS AND DISCUSSION 
The PP/PML composites containing 

different particle sizes and amounts of PML 

have been prepared, and their mechanical 

properties were observed and evaluated.  

Figure 1 and  

 

Figure 2 display the morphology of the 

cross-section and surface part of the samples.  

 

 
 

Figure 1. SEM image of cross-section composites: (a) 15 wt% PML 100 mesh, (b) 15 wt% PML 140 mesh, (c) 

30 wt% PML 100 mesh, and (d) 30 wt% PML 140 mesh. 
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Figure 2. SEM image surface: (a) 15 wt% PML 100 mesh (b) 30 wt% PML 140 mesh. 

 

 

Morphology 

The final product properties of plastic 

composites depend strongly on their 

morphology. The major component forms a 

continuous matrix in most composites, whereas 

the minor component is the dispersed phase. 

The continuity of both components may be 

obtained depending on the nature of the 

components and the preparation conditions. It 

was observed that PML always formed a 

dispersed phase in the composites. Figure 1 

shows the cross-section (cryo-fractured) of 

PP/PML composites at different PML content 

for both 100 and 140 mesh. The matrix and 

filler are distinguishable in the cross-section 

composite micrograph attributed to weak 

interfacial bonding between the PML particle 

and PP matrix. It was observed that the PML is 

not finely dispersed, and at the boundary, PP-

PML was observed in some micro-voids. In 

this composite system, there are some 

agglomerations in the SEM images of the 100 

mesh PP/PML composites (Figure 1c). The 

more uniform dispersion of PML can be seen 

in 140 mesh PP/PML composites with the 

lower contents of PML (Figure 1b).  

Figures 2a and 2b show the 

composites' surface under different 

magnification. On these surfaces, the PML is 

not observed, and PP dominates the skin of 

composites. Such a morphology is good for 

hindering PML particles from contacting 

water. 

 

Mechanical Properties 

Figure 3 shows the data on tensile 

strengths of PP and its blend at different PML 

contents and particle sizes. A decreasing trend 

was observed from pure PP to 30 wt% PML 

content for 100 and 140 mesh. The weak 

interfacial adhesion between the PP matrix and 

the filler is the leading cause of tensile strength 

loss. When compared to the cohesiveness 

between PP molecules, PML–PP adhesion is 

poor. Due to poor stretch transfer from the PP 

matrix to the PML filler, the tensile strength of 

the composites decreased as the PML content 

increased, and the PML filler created a 

discontinuous phase in the composites. 

However, 140 mesh PML composites' tensile 

strengths were higher than 100 mesh PML 

composites due to the more acceptable particle 

size in 140 mesh PML, resulting in a smaller 

discontinuous phase in the composites. A 

larger particle may result in more void in the 

composites. The voids, in turn, will reduce any 

mechanical property. These 140 mesh PP/PML 

composites have greater tensile strength than 

non-fiber pineapple leaves/PP blend 

(Kengkhetkit & Amornsakchai, 2014) and 

untreated coir/PP blend (Mir et al., 2013) 

prepared by others.  

Figure 4 shows that all elastic modulus 

of PP/PML composites were higher than the 

elastic modulus of pure PP but were not 

indicate a significant change with increasing 

PML contents. It suggests that PML provides 

stiffness to the composites, which are resulted 

from the inclusion of rigid filler particles into 

the PP matrix. The highest elastic modulus of 

PP/PML composite was observed in 140 mesh 

PML at 25 wt% PML content, with 52% 

improvement compared to the elastic modulus 

of pure PP. 
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Figure 3. Tensile strength of PP/PML composites 

 
 

 
 

Figure 4. Elastic modulus of PP/PML composites 

 

 

The higher PML contents result in a 

less homogeneous and less-effective cross-

sectional area of continuous phase PP matrix in 

the composites. It is a general phenomenon 

observed in thermoplastics filled with natural 

filler. The interfacial area and weakening 

bonding between the filler and the matrix 

increase as filler content increases. The 

composites' tensile properties depend strongly 

on pull-stretch force among the composite 

components. 

The flexural strength of PP/PML 

composites is shown in Figure 5. The test was 

performed with procedure B, ASTM D790. 

However, the samples did not break within the 

required 5% strain limit. So, the flexural 

strength is determined as the flexural stress at 

the strain of 5%. The flexural strength of 

PP/PML composites for all PML compositions 

with 140 mesh PML was lower than that of 

pure PP and showed a decreasing trend with 

increasing PML contents. The flexural strength 

of 100 mesh PP/PML composites was 

increased for 10 wt% PML content and then 

decreased from 15 to 30 wt%. However, the 

flexural strengths for 10, 15, and 20 wt% PML 

contents were higher than pure PP. A similar 

trend was also reported by another researcher 

who studied Jute/PP composites (Ahmed et al., 

2014). The flexural data show the composites 

are good flexibility since they did not break at 

5% flexural strain. 

 

 
 

Figure 5. Flexural strength of PP/PML composites 

 

 

 
 

Figure 6. Flexural modulus of PP/PML composites 

 

 

Figure 6 shows the flexural modulus of 

a PP/PML composite at various PML content 

levels. Their flexural modulus is higher than 

pure PP, particularly at 100 mesh PML, but it 
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appears to be unaffected by PML 

concentration. The composite with 10% PML 

content has the most excellent flexural 

modulus of 1796.4 MPa. These results are 

higher than the flexural modulus of potato 

starch/PP composites (Roy et al., 2011) but 

lower than jute/PP composites (Rahman et al., 

2008). The flexural modulus of 140 mesh 

PP/PML composites was not significantly 

improved, even though a slight increment was 

observed. The nature of flexural and tensile 

testing is a bit different. A half-upper specimen 

suffers compression force in flexural testing, 

while a half-bottom specimen in thickness 

suffers pulling force. In such testing 

phenomena, the hardness filler component 

improves flexural properties. The compression 

and pull-stretch forces governed the flexural 

properties of the composites among the 

composites constituent. 

The hardness of a composite material 

refers to its resistance to shape change when 

force is applied to it. For composites, it 

depends on the distribution of the particles into 

the matrix. Figure 7 shows that the average 

hardness of the PP/PML composites slightly 

decreased with PML contents. The hardness 

reduction on 140 mesh PML was more 

significant than on 100 mesh PML. These facts 

could be attributed to the poor interfacial 

adhesion of the PP matrix and the PML filler. 

The lower PML contents may produce a 

composites mixture that is more homogeneous. 

The physical condition of PML is powders 

which no bonding among the powders grain, so 

they do not have HRR. The HRR reduces as 

the content of PML increases because of very 

poor back pressure-stress from the filler during 

loading indenter on the HRR measurement.  

Tear strength is the ultimate force 

required to tear the composite sheets divided 

by the sample thickness. It is shown in Figure 

8 that the tear strength of PP/PML composites 

linearly decreased with the increase in the 

PML contents. The tear strength of PP/PML 

composites, in general, decreased with the 

increase of PML contents, and they are slightly 

smaller than the tear strength of PP. For 100 

and 140 mesh of 30 wt% PML contents, the 

tear strength is 165 N/mm and 175 N/mm, 

respectively. These data conclude that particle 

size has no significant effect on the tear 

strength of the PP/PML composites. A similar 

trend to tensile strength is observed, indicating 

that slight filler-matrix adhesion decreases tear 

strength. 

 

 
 

Figure 7. Hardness of PP/PML composites 

 

 
 

Figure 8. Tear strength of PP/PML composites 

 

 

Figure 9 exhibits puncture resistance 

of pure PP and PP/PML composites at 

different PML loading. The average puncture 

resistance of both 100 mesh and 140 mesh 

PP/PML composites was lower compared to 

the puncture resistance of neat PP and showed 

a decreasing trend with increasing PML 

contents. The puncture resistance obtained in 

this work is 400–430 N/mm for 100 mesh 

PML and 390-429 N/mm for 140 mesh PML, 

which was not significantly decreased from the 

puncture resistance of pure PP. It can be 

explained by taking into account that the 

tensile strength of PP/PML composites also 

decreased. In contrast, the puncture resistance 
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is highly dependent on the tensile strength and 

stiffness of the material (He et al., 2016). 

However, the puncture resistance of 100 mesh 

PML was more significant than the puncture 

resistance of 140 mesh PML; this can be 

attributed to 100 mesh PML providing more 

stiffness to the composites. 

 

 
 

Figure 9. Puncture resistance of PP/PML 

composites 

 

 

Thermogravimetric Analysis (TGA) 

TGA thermograms of the pure PP and 

PP/PML composites are shown in Figures 10 a, 

b. The figures show a mass loss of typical 

composites. The weight loss observed at 50–

100 °C is attributed to the evaporation of 

adsorbed water (∼3%) from PML (Figure 10). 

The second weight loss in samples was due to 

the decomposition of the cellulose in the PML, 

with the maximum peak at around 229 °C (De 

Rosa et al., 2010). On the other hand, the 

PP/PML composites show a lower thermal 

decomposition temperature than PP. These 

events might be attributed to the degradation of 

the PML component, followed by the 

formation of a char residue 

(Mohammadkazemi et al., 2015). As seen in 

Figure 10, the temperature in which the 

maximum rate of mass loss (Tm) of PP is 

445.8 °C, and Tm for composites are shifted to 

the higher temperatures. The higher the PML 

content in the composites, the higher the Tm 

shift. These phenomena are due to the formed- 

char in the heating process inhibiting the 

composites' PP decomposition. Similarly, 

Figure 10 indicates that filler particle size has 

no significant effects on the thermal 

degradation behavior of the composites; thus 

thermal degradation behavior is affected by the 

filler contents but not by the particle size of the 

filler. 

 

 
 

 
 
Figure 10. TGA of PP/PML composites (a) 100 

mesh and (b) 140 mesh 

 

 

Water Absorption Properties 

The main objective of water 

absorption characterization was to study the 

effect of water absorption on the mechanical 

properties of the composites. Table 1 shows 

the effect of PML particle size and contents on 

the water absorption after 1, 7, 14, and 28 days 

of immersion. It was found that the percentage 

of water absorption increased with increasing 

filler content and immersion duration. The 

PML contents dominated the water absorption 

in these composites since the matrix PP is 

hydrophobic. PML contains hemicellulose, 

cellulose (hydrophilic), and hydrophobic 

lignin. The chemical composition and 

geometry of PML filler may affect water 
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absorption. The –OH (hydroxyl groups) in 

cellulose is the most responsible for water 

uptake (Lindman et al., 2017; Dórame-

Miranda et al., 2019) in the composites. 

The maximum water absorption for 28 

days is about 7.5% smaller than 

wood/polypropylene composite (Gozdecki et 

al., 2015) with the same filler content. PML 

particle size and geometry of composite may 

also affect water absorption. A larger particle 

may result in more voids in the composites, 

and the voids, in turn, will reduce any 

mechanical property. The void can be 

minimized by controlling process parameters 

such as pressure, temperature, or injection 

techniques (Burgstaller, 2014) during the 

preparation test specimen. Table 1 

demonstrates that the water absorption in 100 

mesh PP/PML composites was higher than that 

of 140 mesh. It may relate to better 

encapsulation with polypropylene matrix for 

smaller filler particulate size during process 

preparation composites to minimize contact 

between water-PML. The water absorption test 

specimens were prepared from the cut of the 

sheet, in which the surface and edge 

morphology are pretty different (Figures 1 and 

2). Significantly few PML is observed on the 

specimen surface, showing a PP laminated 

surface. This lamination inhibited direct 

contact with water-PML during the immersion 

test. Thus, water absorption most probably 

occurs from the edge. The PML was a 

discontinuous distributed phase in the 

composites; it hinders access of the water 

molecules into the composite. 

Contrary to the PML distribution, the larger 

particle size and porous particulate structure of 

PML result in easier water uptake. These 

PP/PML results showed more negligible water 

absorption than PP/ pineapple leaf (WGL) 

composites (Kengkhetkit & Amornsakchai, 

2014) for the same filler content and 

immersion duration. The significant difference 

in water absorption of both composites is 

thought from different vegetation leaf, 

particulate size, and composite system.  

Table 1. Water absorption of PP/PML composites. 

 

PML Content 
Water Absorption (%) 

1 Day 7 Days 14 Days 28 Days 

100 mesh (wt%)     

0 (Pure PP) 0 0.01 0.02 0.03 ± 0.005 

10  0.68 ± 0.17 0.87 ± 0.12 1.15 ± 0.11 1.25 ± 0.12 

15  0.88 ± 0.22 1.02 ± 0.21 1.52 ± 0.22 1.80 ± 0.20 

20  1.03 ± 0.36 1.52 ± 0.41 2.21 ± 0.55 2.87 ± 0.56 

25  1.82 ± 0.39 2.92 ± 0.52 4.18 ± 0.62 5.18 ± 0.82 

30  2.41 ± 0.42 4.35 ± 0.62 6.36 ± 0.83 7.50 ± 1.22 

140 mesh (wt%)     

0 (Pure PP) 0 0.01 0.02 0.03 ± 0.005 

10  0.67 ± 0.16 0.85 ± 0.14 1.13 ± 0.11 1.23 ± 0.10 

15  0.88 ± 0.24 1.09 ± 0.21 1.57 ± 0.22 1.81 ± 0.22 

20  1.02 ± 0.46 1.52 ± 0.41 2.21 ± 0.53 2.89 ± 0.56 

25  1.80 ± 0.49 2.90 ± 0.50 4.15 ± 0.58 5.16 ± 0.72 

30  2.39 ± 0.41 4.31 ± 0.62 6.34 ± 0.73 7.41 ± 1.02 
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Table 2. Tensile strength of PP/PML composites after immersion. 

 

PML Content 
Tensile Strength (MPa) 

1 Day 7 Days 14 Days 28 Days 

100 mesh (wt%)     

0 (Pure PP) 33.0 ± 1.2 33.0 ± 1.2 33.0 ± 1.2 33.0 ± 1.2 

10 28.7 ± 1.3 28.7 ± 1.3 28.5 ± 1.4 28.5 ± 1.3 

15 26.0 + 1.3 25.9 ± 1.2 25.7 ± 1.2 25.4 ± 1.2 

20 24.2 ± 1.2 24.1 ± 1.2 23.9 ± 1.2 23.6 ± 1.2 

25 21.5 ± 1.3 21.4 ± 1.4 21.2 ± 1.4 21.2 ± 1.4 

30 19.3 ± 1.3 19.1 ± 1.3 18.7 ± 1.3 18.1 ± 1.3 

140 mesh (wt%)     

0 (Pure PP) 33.0 ± 1.2 33.0 ± 1.2 33.0 ± 1.2 33.0 ± 1.2 

10 29.4 ± 1.2 29.4 ± 1.2 29.2 ± 1.2 29.0 ± 1.2 

15 28.6 ± 1.2 28.5 ± 1.2 28.3 ± 1.2 28.0 ± 1.2 

20 26.9 ± 1.3 26.8 ± 1.3 26.6 ± 1.2 26.1 ± 1.3 

25 25.8 ± 1.3 25.6 ± 1.3 25.3 ± 1.3 24.8 ± 1.3 

30 24.3 ± 1.4 24.1 ± 1.4 23.8 ± 1.4 23.4 ± 1.4 

 

 
 

 

Table 3. Tensile modulus of PP/PML composites after immersion. 

 

PML Content 
Tensile Modulus (MPa) 

1 Day 7 Days 14 Days 28 Days 

100 mesh (wt%)     

0 (Pure PP) 697 ± 49 697 ± 50 696 ± 47 695 ± 49 

10 971 ± 90 969 ± 90 960 ± 88 950 ± 87 

15 935 ± 91 929 ± 90 920 ± 92 912 ± 94 

20 950 ± 94 945 ± 92 940 ± 93 930 ± 90 

25 968 ± 102 960 ± 101 950 ± 99 940 ± 97 

30 970 ± 97 959 ± 99 949 ± 97 937 ± 101 

140 mesh (wt%)     

0 (Pure PP) 697 ± 49 697 ± 50 696 ± 47 695 ± 49 

10 938 ± 73 932 ± 75 928 ± 77 922 ± 74 

15 1.028 ± 88 1.000 ± 85 1.000 ± 84 950 ± 83 

20 1.022 ± 92 1.015 ± 94 1.000 ± 95 960 ± 97 

25 1.060 ± 98 1.040 ± 92 1.030 ± 95 980 ± 89 

30 1.040 ± 87 1.030 ± 91 1.010 ± 86 970 ± 90 

 

 

Effect of Water Absorption on Tensile 

Properties 

Tables 2 and 3 present the composites' 

tensile properties after 1, 7, 14, and 28 days of 

water immersion. Samples for these tests were 

dumbbell-punch-cut of the specimens after 

water absorption. The edge of the dumbbell-

shaped was ca. 6 mm from the edge of the 
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water absorption specimens. In all samples, the 

tensile strength and modulus slightly decrease 

after the immersion. After the first and seventh 

days of immersion, the tensile strength and 

modulus were not significantly decreased. It is 

due to negligible water absorption in the 

composite sheet where the dumbbell was 

taken. The absorbed water may not reach the 

dumbbell area yet for this duration of the 

immersion test since far from the edge. The 

morphology of upper and bottom surface 

samples is smooth like PP laminated. The 

water immersion did not significantly affect 

the tensile strength and modulus for these days. 

These facts were following low water 

absorption data in Table 1. The weaker water 

absorption effect than expected influences of 

PML contents on the tensile strengths and 

modulus may be attributed to the geometry and 

morphology of the composite surfaces. The 

relatively low water uptake presented in Table 

1 may not result in any damage (such as 

swelling or micro-cracking) in the PP 

continuous matrix of the composites. Such 

material design composites should be 

considered for applying single-use articles on 

viewpoint sustainable and environmentally 

advantageous. 

 

4. CONCLUSIONS 
It was demonstrated that mango leaf 

could be utilized for filler in 

polypropylene/powdered mango leaf 

composites, using a simple preparation and 

processing step. It is observed that the 

composites' mechanical properties are 

relatively decreased compared with that of PP, 

except for the tensile and flexural modulus 

increase. Composites with 140 mesh PML 

have better physical and mechanical properties 

than 100 mesh. It can be concluded that the 

cellulose dominates PP/PML composite's 

water absorption behavior as the hydrophilic 

component contained in the PML. The 

discontinuous hydrophilic filler system in the 

composites is an advantage in preventing water 

absorption. A possibility of adjusting the 

composites' properties by varying the PML 

particle size and fraction can be implemented 

in the plastic industry. Regarding a slight 

decrease of some mechanical properties, 

advantage water absorption, and duration 

service of mostly single-used articles 

mentioned above, the composites can be easily 

implemented in utilizing single-used articles. 
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