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This study explores the use of charcoal waste ash, a by-product of human activities, as 
a filler in polypropylene matrices. The samples were mixed using the melt compounding 
method using an internal mixer at 1wt%, 2wt%, 5wt%, 7wt% and 10wt%. Tensile 
strength peaked at 29.85MPa at 2wt% while the flexural strength peaked well above 
pure PP at 45.5MPa at 7wt%. Charcoal waste ash is possible to enhance the mechanical 
properties of polypropylene, suggesting its potential as a sustainable material in 
polymer composites. 
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1. Introduction 
 

The escalating concern over environmental waste has become a pressing issue in the 21st 
century. Rapid industrialisation and urbanisation have led to an exponential increase in waste 
generation, posing significant challenges to waste management and environmental sustainability 
[1,2]. Developing countries that depend on rapid industrialization for economic and improvement of 
well-being are equally important in order to avoid the mistakes of developed countries [2]. Tourism 
and human recreational activities are also seen as equally concerning. Proper management and 
framework would later result in intensive waste production [3,4]. Among these wastes, charcoal 
waste ash, a by-product of various human activities, has been largely overlooked and underutilized. 
Polymers on the other hand have been at the forefront in the quest for sustainable materials due to 
their versatility and wide range of applications. Therefore, the need to incorporate more sustainable 
and renewable materials into polymers has become increasingly important [4,5]. 

Charcoal waste ash, with its high carbon content and surface area, presents a promising 
alternative. Recent studies have shown that charcoal fines resulting from the pyrolysis of biomass 
are an efficient alternative for the production of green composites [6]. The use of charcoal waste ash 
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as a filler in polymeric matrices would not only utilize a waste product but also offer the potential of 
working towards a zero-carbon emission in the future. 

However, the use of charcoal waste ash in polymeric matrices is still in its early stages [7]. The 
potential of using charcoal waste ash as a filler for polymeric matrices is yet to be fully explored. This 
study aims to share by investigating the properties of charcoal waste ash and its effect on the 
mechanical strength of polymer composite.  

  
2. Methodology  

 
Raw materials used in this study; polypropylene was supplied from San Miguel Yamamura Plastic 

Films (M) Sdn. Bhd. Coal waste ash was collected from burnt charcoal briquettes. Charcoal waste ash 
was cleaned and removed larger bits and food fats were used in a mechanical sieve to collect only 
smaller particle sizes. Charcoal waste ash was later cleaned using isopropyl alcohol to improve 
dispersive properties, and then dried for 24 hours. For mixing, the melt compounding method was 
used using a HAAKE internal mixer machine. Tensile and flexural properties were studied using the 
Shimadzu Universal Testing Machine. The charcoal waste ash was also analysed for its particle size 
using a Malvern PANanalytical Mastersizer.  

The formulation of samples is according to Table 1. 1wt% of stearic acid was added to each sample 
to improve the dispersion of charcoal waste ash in PP during mixing [8]. 

 
Table 1 
Sample and wt% of CWA 
Sample Wt% CWA 

1 0 

2 1 

3 2 

4 5 
5 7 
6 10 

 
3. Results  
3.1 Particle Size 

 
The particle size of charcoal waste ash was analysed using a Malvern PANanalytical Mastersizer. 

Figure 1 shows the resulting particle size of the charcoal waste ash. The particle size distribution of 
charcoal waste ash plays a crucial role in determining its potential applications and environmental 
impact. It revealed a bimodal distribution with peaks at approximately 25 µm and 50 µm (Figure 2). 
There are also finer particles of lesser than 5µm which is at 10% in volume. The finer particles, with 
a higher surface area, are likely to enhance the reactivity of the charcoal waste ash [9-14].  
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Fig. 1. Charcoal waste ash 

 

 
Fig. 2. Particle size distribution for charcoal waste ash 

 
3.2 Tensile Strength 
 

The tensile strength of Polypropylene (PP) filled with charcoal waste ash was investigated at 
different weight percentages ranging from 0wt% to 10wt% (Figure 3). The tensile strengths obtained 
0wt% (pure PP), and the tensile strength was the highest at 33.07 MPa. With the addition of 1wt% of 
ash, the tensile strength significantly decreased to 28.11 MPa. This could be due to the fact that the 
ash particles interrupt the continuity of the PP matrix, thereby reducing the load-bearing capacity of 
the material [15,16]. However, it was observed that the ash content was further increased. At 2wt% 
and 5wt%, the tensile strength increased to 29.85 MPa and 29.88 MPa respectively. This suggests 
that a certain amount of ash can actually enhance the tensile strength of the PP matrix, possibly due 
to improved interfacial bonding between the ash particles and the PP matrix [16-18]. Beyond 5wt%, 
the tensile strength started to decrease again, reaching 29 MPa at 7wt% and 29.31 MPa at 10wt% 
[15-17]. This indicates that too much ash can have a detrimental effect on the tensile strength of the 
material, likely due to the agglomerization of waste coal ash particles leading to stress concentration 
sites.  
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(a) 

 
(b) 

Fig. 3. (a) Tensile strength and (b) modulus of the samples at different wt% CWA 
loading 

 
Waste coal ash affects the stiffness of the PP matrix. The tensile modulus of polypropylene (PP) 

filled with varying weight percentages of waste coal ash has an upward trend. The data indicates that 
the tensile modulus, a measure of stiffness, increases with the addition of waste coal ash up to 7%, 
after which it decreases [18]. It can be attributed to the stiffer nature of waste coal ash, which when 
added to the PP matrix, enhances its rigidity which is consistent with previous studies that have 
shown an increase in the modulus of elasticity for HDPE composites reinforced with fly ash [19]. The 
reduction of the modulus at 10wt% could also be likely attributed to the effect of agglomeration. 

The optimal dispersion might be compromised at higher filler content (10wt%), leading to a 
decrease in tensile modulus [17]. 

 
3.3 Flexural Strength 

 
The flexural strength of polypropylene (PP) filled with charcoal waste ash at varying weight 

percentages (wt%) presents a trend as shown in Figure 4. The flexural strength values for 0wt%, 
1wt%, 3wt%, 5wt%, 7wt% and 10wt% charcoal waste ash are 38.2MPa, 30.0MPa, 38.5MPa, 40.3MPa, 
45.5MPa and 38.8MPa, respectively. The flexural strength initially decreases when the charcoal 
waste ash content increases from 0wt% to 1wt%. Again, the decrease suggests that the interfacial 
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bonding between the charcoal waste ash and the PP matrix is affecting the matrix’s load bearing 
ability.  

However, as the charcoal waste ash content further increases to 3wt%, the flexural strength 
improves, surpassing the strength of pure PP. This suggests that the charcoal waste ash may have a 
reinforcing effect on the PP matrix at this concentration. Interestingly, the flexural strength continues 
to increase with the addition of charcoal waste ash up to 7wt%, reaching a peak value of 45.5MPa. 
This is suggested due interfacial bonding of charcoal waste ash particles and the PP matrix, which in 
turn helps to act as resistance to the bending force. This leads to better stress transfer and, thus, 
enhanced flexural strength. 

However, when the charcoal waste ash content increases to 10wt%, the flexural strength 
decreases slightly. This could be due to the overloading of charcoal waste ash, which may lead to 
agglomeration of the particles and create stress concentration points, thereby reducing the flexural 
strength [15-17].  

For the flexural modulus of the PP, a similar trend with the flexural strength is observed. Though 
at 5wt% an increase of 4% was noticed which continued with higher wt% before its reduction at 
10wt%. The waste coal ash likely helps with the resistance of bending, which showed the higher 
flexural modulus reported [17,18]. Agglomerization again could be attributed to the decrease in the 
flexural modulus at 10wt%. 
 

 
(a) 

 
(b) 

Fig. 4. (a) Flexural strength and (b) modulus of the samples at different wt% 
CWA loading 
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4. Conclusions 
 
This study successfully demonstrated the potential of charcoal waste ash as a filler in 

polypropylene matrices. The mechanical properties of the composite, specifically tensile and flexural 
strengths, were found to vary with the weight percentage of charcoal waste ash. The tensile strength 
peaked at 29.85MPa at 2wt% while the flexural strength peaked well above pure PP at 45.5MPa at 
7wt%. The tensile and flexural modulus also peaked well above pure PP at 961.6MPa and 454.8MPa 
respectively. These findings suggest that charcoal waste ash can enhance the mechanical properties 
of polypropylene, thereby indicating its potential as a sustainable material in polymer composites. 
However, the study also found that an excessive amount of above 10wt% of charcoal waste ash can 
have a detrimental effect on the mechanical properties of the material. Therefore, further research 
is needed to optimize the loading of charcoal waste ash in the polypropylene matrix and also the 
bonding of waste coal ash with the PP matrix. This study hopefully opens up new possibilities for the 
use of waste materials in enhancing the properties of polymers thereby promoting sustainable 
practices and waste reduction. 

 
Acknowledgement 
This research was not funded by any grant. 
 
References 
[1] Wilson, David C. "Learning from the past to plan for the future: An historical review of the evolution of waste and 

resource management 1970–2020 and reflections on priorities 2020–2030–The perspective of an involved 
witness." Waste Management & Research 41, no. 12 (2023): 1754-1813. 
https://doi.org/10.1177/0734242X231178025 

[2] Voukkali, Irene, Iliana Papamichael, Pantelitsa Loizia and Antonis A. Zorpas. "Urbanization and solid waste 
production: Prospects and challenges." Environmental Science and Pollution Research 31, no. 12 (2024): 17678-
17689. https://doi.org/10.1007/s11356-023-27670-2 

[3] Perkumienė, Dalia, Ahmet Atalay, Larbi Safaa and Jurgita Grigienė. "Sustainable waste management for clean and 
safe environments in the recreation and tourism sector: a case study of Lithuania, Turkey and 
Morocco." Recycling 8, no. 4 (2023): 56. https://doi.org/10.3390/recycling8040056 

[4]  Kiyasudeen S, Katheem, Mahamad Hakimi Ibrahim, Shlrene Quaik, Sultan Ahmed Ismail, Mahamad Hakimi Ibrahim, 
Shlrene Quaik and Sultan Ahmed Ismail. "Introduction to Organic Wastes and Its Management." Prospects of 
organic waste management and the significance of earthworms (2016): 1-21. https://doi.org/10.1007/978-3-319-
24708-3_1 

[5] Othman, Mohd Hilmi, Mohd Arif Sulor, Eliza M. Yusup and Saba Nemati Mahand. "Fracture Mechanism of The 
Nanocomposite and Optimized Injection Moulding Processing Condition." Journal of Advanced Research in Micro 
and Nano Engineering 20, no. 1 (2024): 79-95. https://doi.org/10.37934/armne.20.1.7995 

[6] Iryani, Ani, Linda Jati Kusumawardani and Tamara Mahda Destiani. "Synthesis of Zeolite by Using Waste Cans as a 
Source of Aluminium and Testing its Performance as a Dye Adsorbent." Journal of Advanced Research in Micro and 
Nano Engineering 19, no. 1 (2024): 38-50. https://doi.org/10.37934/armne.19.1.3850  

[7]  Delatorre, Fabíola Martins, Gabriela Fontes Mayrinck Cupertino, Michel Picanço Oliveira, Felipe da Silva Gomes, 
Luciene Paula Roberto Profeti, Demetrius Profeti, Mário Guimarães Júnior, Márcia Giardinieri de Azevedo, Daniel 
Saloni and Ananias Francisco Dias Júnior. "A novel approach to charcoal fine waste: sustainable use as filling of 
polymeric matrices." Polymers 14, no. 24 (2022): 5525. https://doi.org/10.3390/polym14245525 

[8] Ab Maulod, Hairul Effendy, Noraiham Mohamad, Jeefferie Abd Razak, Ahmad Aqlan Mohd Rosedi, Nurzallia Mohd 
Saad and Moayad Husein Flaifel. "Effect of Different Waste Coal Ash (WCA) Loading to Dynamic Load Application 
of Chloroprene Rubber." Malaysian Journal on Composites Science and Manufacturing 3, no. 1 (2020): 27-37. 
https://doi.org/10.37934/mjcsm.3.1.2737 

[9] Patti, Antonella, Domenico Acierno, Hubert Lecocq, Anatoli Serghei and Philippe Cassagnau. "Viscoelastic 
behaviour of highly filled polypropylene with solid and liquid Tin microparticles: influence of the stearic acid 
additive." Rheologica Acta 60, no. 11 (2021): 661-673. https://doi.org/10.1007/s00397-021-01297-x 

https://doi.org/10.1177/0734242X231178025
https://doi.org/10.1007/s11356-023-27670-2
https://doi.org/10.3390/recycling8040056
https://doi.org/10.1007/978-3-319-24708-3_1
https://doi.org/10.1007/978-3-319-24708-3_1
https://doi.org/10.37934/armne.20.1.7995
https://doi.org/10.37934/armne.19.1.3850
https://doi.org/10.3390/polym14245525
https://doi.org/10.37934/mjcsm.3.1.2737
https://doi.org/10.1007/s00397-021-01297-x


Journal of Advanced Research in Micro and Nano Engineering 

Volume 25, Issue 1 (2024) 123-129 

129 
 

[10] Wang, Ying, Lisa E. Burris, Christopher R. Shearer, R. Douglas Hooton and Prannoy Suraneni. "Characterization and 
reactivity of size-fractionated unconventional fly ashes." Materials and Structures 56, no. 3 (2023): 49. 
https://doi.org/10.1617/s11527-023-02140-w 

[11] Fernando, Sarah, Chamila Gunasekara, David W. Law, M. C. M. Nasvi, Sujeeva Setunge, Ranjith Dissanayake and M. 
G. M. U. Ismail. "Investigation of the reaction mechanism of blended fly ash and rice husk ash alkali-activated 
binders." Archives of Civil and Mechanical Engineering 22 (2022): 1-15. https://doi.org/10.1007/s43452-021-
00349-6 

[12] Snellings, Ruben, Hadi Kazemi-Kamyab, Peter Nielsen and Liesbet Van den Abeele. "Classification and milling 
increase fly ash pozzolanic reactivity." Frontiers in Built Environment 7 (2021): 670996. 
https://doi.org/10.3389/fbuil.2021.670996 

[13] Pietersen, Hans S., Alex LA Fraay and Jan M. Bijen. "Reactivity of fly ash at high pH." MRS Online Proceedings Library 
(OPL) 178 (1989): 139. https://doi.org/10.1557/PROC-178-139 

[14] Zare, Yasser and Kyong Yop Rhee. "Dependence of Z parameter for tensile strength of multi-layered interphase in 
polymer nanocomposites to material and interphase properties." Nanoscale research letters 12 (2017): 1-7. 
https://doi.org/10.1186/s11671-017-1830-5 

[15] Meena, Rajhans, Abdul Wahab Hashmi, Shadab Ahmad, Faiz Iqbal, Hargovind Soni, Anoj Meena, Abdullah A. Al-
Kahtani et al., "Influence of fly ash on thermo-mechanical and mechanical behavior of injection molded 
polypropylene matrix composites." Chemosphere 343 (2023): 140225. 
https://doi.org/10.1016/j.chemosphere.2023.140225 

[16] Agustini, Ni Komang Ayu andreas Triwiyono, Djoko Sulistyo and S. Suyitno. "Mechanical properties and thermal 
conductivity of fly ash-based geopolymer foams with polypropylene fibers." Applied Sciences 11, no. 11 (2021): 
4886. https://doi.org/10.3390/app11114886 

[17] Maurya, Atul Kumar, Rupam Gogoi, Sushanta K. Sethi and Gaurav Manik. "A combined theoretical and experimental 
investigation of the valorization of mechanical and thermal properties of the fly ash-reinforced polypropylene 
hybrid composites." Journal of Materials Science 56, no. 30 (2021): 16976-16998. https://doi.org/10.1007/s10853-
021-06383-2 

[18] Ju, Suhawn, Jinyoung Yoon, Deokyong Sung and Sukhoon Pyo. "Mechanical properties of coal ash particle-
reinforced recycled plastic-based composites for sustainable railway sleepers." Polymers 12, no. 10 (2020): 2287. 
https://doi.org/10.3390/polym12102287 

[19] Alghamdi, Mohammed N. "Effect of filler particle size on the recyclability of fly ash filled HDPE 
composites." Polymers 13, no. 16 (2021): 2836. https://doi.org/10.3390/polym13162836 

https://doi.org/10.1617/s11527-023-02140-w
https://doi.org/10.1007/s43452-021-00349-6
https://doi.org/10.1007/s43452-021-00349-6
https://doi.org/10.3389/fbuil.2021.670996
https://doi.org/10.1557/PROC-178-139
https://doi.org/10.1186/s11671-017-1830-5
https://doi.org/10.1016/j.chemosphere.2023.140225
https://doi.org/10.3390/app11114886
https://doi.org/10.1007/s10853-021-06383-2
https://doi.org/10.1007/s10853-021-06383-2
https://doi.org/10.3390/polym12102287
https://doi.org/10.3390/polym13162836

