[image: image1]Exploring the mechanical, tribological, and morphological characteristics of areca fiber epoxy composites reinforced with various fillers for multifaceted applications

		ORIGINAL RESEARCH
published: 03 July 2023
doi: 10.3389/fmats.2023.1185215


[image: image2]
Exploring the mechanical, tribological, and morphological characteristics of areca fiber epoxy composites reinforced with various fillers for multifaceted applications
P. K. Miniappan1, S. Marimuthu1*, S. Dharani Kumar2*, Shubham Sharma3,4*, Abhinav Kumar5, Bashir Salah6 and Syed Sajid Ullah7*
1Department of Mechanical Engineering, Karpagam Academy of Higher Education, Coimbatore, India
2Centre for Machining and Material Testing, Department of Mechanical Engineering, KPR Institute of Engineering and Technology, Coimbatore, India
3Mechanical Engineering Department, University Centre for Research and Development, Chandigarh University, Mohali, Punjab, India
4School of Mechanical and Automotive Engineering, Qingdao University of Technology, Qingdao, China
5Department of Nuclear and Renewable Energy, Ural Federal University Named After the First President of Russia, Yekaterinburg, Russia
6Industrial Engineering Department, College of Engineering, King Saud University, Riyadh, Saudi Arabia
7Department of Information and Communication Technology, University of Agder (UiA), Grimstad, Norway
Edited by:
Brahim Aissa, MPB Technologies and Communications, Canada
Reviewed by:
Senthilkumar Krishnasamy, King Mongkut’s University of Technology North Bangkok, Thailand
Madhu Puttegowda, Malnad College of Engineering, India
* Correspondence: S. Marimuthu, drsmarimuthu@gmail.com; S. Dharani Kumar, sdharanikumarmech@gmail.com; Shubham Sharma, shubham543sharma@gmail.com, shubhamsharmacsirclri@gmail.com; Syed Sajid Ullah, syed.s.ullah@uia.no
Received: 13 March 2023
Accepted: 20 June 2023
Published: 03 July 2023
Citation: Miniappan PK, Marimuthu S, Dharani Kumar S, Sharma S, Kumar A, Salah B and Ullah SS (2023) Exploring the mechanical, tribological, and morphological characteristics of areca fiber epoxy composites reinforced with various fillers for multifaceted applications. Front. Mater. 10:1185215. doi: 10.3389/fmats.2023.1185215

This investigation is primarily concerned with the effect of fly ash, basalt powder, and tungsten carbide (WC) on the mechanical, microstructural, and tribological behaviour of areca fiber-reinforced composites. The fillers (5–10 wt. %) were included with the areca fiber epoxy reinforced composites. In comparison to areca fiber composites without fillers, the inclusion of fly ash, basalt powder, and WC increased the tensile strength by 33–48.2 MPa. The tensile strength of an A2 composite containing areca fiber (20 wt. %), epoxy (70 wt. %) and basalt powder (10 wt. %) was measured to be 48.2 MPa. Similarly, filler incorporation enhanced flexural, impact, and Shore D hardness properties by up to 21.25%, 13.18%, and 15.66%, respectively. Furthermore, the hybridization of fillers enhanced the mechanical properties and abrasion resistance of areca fiber reinforced composites. The inclusion of filler increases the load-carrying capability and adhesion, as determined by SEM. The river-like pattern demonstrates that ductile failure was dominated in the A5 [areca fiber (20 wt. %), epoxy (70 wt. %), fly ash (5 wt. %) and basalt powder (5 wt. %)] composites. A4 [areca fiber (20 wt. %), epoxy (70 wt. %), fly ash (5 wt. %) and tungsten carbide (5 wt. %)] composite has a lower wear resistance than all other composites. The hybrid filler-reinforced composite exhibits increased wear resistance as a result of the absence of wear detritus and textured surfaces.
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1 INTRODUCTION
Composites of synthetic fiber-reinforced polymer were used in aerospace and vehicle applications. Although possessing strong mechanical qualities and a higher resilience to environmental ageing, these fiber composites are both environmentally and socially dangerous. Researchers are currently using natural fibers as reinforcement for polymer-based composites. Natural fibers are preferable to synthetic fibers because they are durable, biodegradable, inexpensive, and lightweight (Ganapathy et al., 2021). These fibers are excellent for use as reinforcement materials in the production of polymer composites that are suited for a variety of lightweight applications, including structural and automobile (Sanjay et al., 2016; Sanjay et al., 2018). The limitations of natural fiber-reinforced composites are fiber delamination, low modulus, water absorption, and inadequate application to low load-bearing materials (Ahmad et al., 2020). Using various polymer resin matrixes, natural fibers such ramie, cotton, sisal, kenaf, banana, and pineapple have been employed (Mittal et al., 2016; Nguyen et al., 2019; Sumesh et al., 2022). It is confirmed that hemp, ramie, flax, and cotton have higher costs than any other fibers, yet they do not offer significant mechanical benefits (Ashok et al., 2020). In the majority of works on natural fiber composites, numerous researchers have examined the various plant fiber components. Several researchers have made studies on various components (stem fibers, sheath fiber, fruit husk, and root) of various palms such as date palm, coconut palm, and areca palm (Ashok et al., 2020). Areca appears to be one of the most promising natural fiber-reinforcing materials due to the fact that it is affordable, widely available, and a perennial crop with a high yield potential (Srinivasa and Bharath, 2011). The type of the fiber-matrix bond is mainly responsible for determining the qualities of areca fibers. The effect of alkali treated on the mechanical behavior of areca fiber-reinforced composites was investigated by (Shanmugasundaram et al., 2018). (Muralidhar et al., 2019) studied the tensile properties of coarse areca fiber, fine areca fiber sandwiched with glass fiber. The tensile strength of coarse fiber was less than the fine fiber. Subhakanta Nayak et al. (Nayak and Mohanty, 2019) found that mechanical properties of the polyvinyl alcohol thermoplastic matrix short areca sheath fiber. The highest mechanical properties were found in the 27 wt% of areca fiber polynvinyl alcohol reinforced composites. (Pavankalyan et al., 2018) studied the mechanical and thermal properties of areca fiber reinforced polypropylene polymer composites. Due to poor fiber-matrix adhesion, increased fiber content lowered mechanical characteristics. (ChikkolVenkateshappa et al., 2010) found that the flexural strength of potassium hydroxide-treated areca fiber-reinforced composites increased with different fiber weight percentages. (Srinivasa et al., 2011) found that the flexural and impact strength of the areca fiber-reinforced epoxy composites increased with an increase in the fiber loading percentage. (Srinivasa and Bharath, 2011) pure polynvinyl alcohol exhibits the maximum erosion rate at 30° impact angle, while polynvinyl alcohol/areca composites have the maximum erosion rate at 45° impact angle, regardless of fiber loading, indicating semi-ductile behaviour. Most of the researchers studied the effect of fiber treatment on mechanical and wear properties of areca fiber polymer composites.
The majority of research works on natural fiber composites have focused on the effect of fiber treatment (ChikkolVenkateshappa et al., 2010; Pavankalyan et al., 2018; Shanmugasundaram et al., 2018; Muralidhar et al., 2019; Nayak and Mohanty, 2019), fiber arrangement (Nayak and Mohanty, 2019), and varying fiber loading percentages (Srinivasa et al., 2011). However, there are very few investigations that have been conducted on the use of fillers to reinforce natural fiber composites. Although there is an extensive literature on the use of organic and inorganic fillers in composite materials, the effect of hybridization of fillers on areca fiber composites has not been reported. This study aimed to investigate the influence of organic fillers (fly ash and basalt powder) and inorganic fillers (WC) on the tensile, flexural, impact, and hardness properties of areca fiber-epoxy reinforced composites. The objective of this research is to promote the potential use of areca fiber as a material for various non-structural applications.
2 MATERIALS AND METHODS
Areca fiber was procured from Vruksha Composites in Chennai, India and used as reinforcement. Prior to processing, these fibers were soaked for 24 h at room temperature in a 6% NaOH solution to strengthen the interfacial adhesion between the fiber and matrix, which enhanced the mechanical properties (Dhanalakshmi et al., 2017). These fibers were then cleaned with distilled water and dried in a warm oven set at 70°C. The dried fibers were cut into lengths of 150–200 mm and utilized to create composite materials. Both the hardener (HY951) and epoxy resin (LY556) were bought from Covai Seenu & Company in Coimbatore, India. The fly ash was collected from the power plant and it was ground using ball milling machine. The WC and basalt powder was purchased from Ultrananotech Private Limited and pramod marbles and stone industries, India. Figure 1 depicts the procedures used for filler dispersion and composite fabrication. The filler and acetone were combined for 15 min with a magnetic stirrer and 15 min with a probe sonicator. This mixing technique was carried out extensively after adding enough epoxy resin. Epoxy and filler were blended with the hardener at the end. To prevent the mixture from sticking to the mould, non-silicone white wax was put within the mould. The fiber was placed in the mould of the compression moulding machine after the wax had been applied. The mould was filled with a mixture of epoxy, filler, and hardener. Pressure (12 MPa) and temperature (120°C) were the operational parameters employed in this investigation to manufacture all composite materials.
[image: Figure 1]FIGURE 1 | Manufacturing process of filler added areca fiber reinforced composites.
All six samples were prepared using the same method, and the specifics of each sample are provided in Table 1. The composite plates were sliced for mechanical testing once the composites were dried.
TABLE 1 | Sample designation and compositional details.
[image: Table 1]All mechanical testing samples were cut using a water jet cutting machine in adherence to the ASTM standard. UsingAimil universal testing equipment, the tensile and flexural strengths of each sample were tested in accordance with ASTM D-3039 and ASTM D790-07, respectively. The impact resistance of the samples was determined using a digital Izod impact tester in accordance with ASTM D-256. Shore D hardness testing was conducted in accordance with ASTM D2240 using a Shore D hardness tester. The dry wear test was conducted using pin-on-disc equipment (DUCOM machine) in accordance with ASTM G99 specifications. The samples measured 15 mm, 5 mm, 5 mm, and were placed perpendicular into an EN-32 steel disc with a 50 mm track diameter. Using scanning electron microscopy, the tensile fracture and worn surfaces were studied (SEM).
3 RESULTS
3.1 Tensile and flexural test results
The composite samples following the tensile and flexural test are shown in Figure 2. Figure 3 shows the stress vs. strain curve of all six areca fiber composites.
[image: Figure 2]FIGURE 2 | Areca fiber composite specimens after tests (A) tensile (B) flexural.
[image: Figure 3]FIGURE 3 | Stress-strain curve for different composites.
Figure 4 depicts the results of the evaluation of the tensile and flexural strengths of several areca fiber polymer composites. Without the addition of filler materials, the tensile strength of the areca fiber epoxy reinforced composites was 32 MPa (Ashok et al., 2018).
[image: Figure 4]FIGURE 4 | Tensile and Flexural results.
However, the inclusion of fly ash, basalt powder, and WC fillers to the areca fiber epoxy-reinforced composites improved their tensile strength in comparison to those without fillers. The highest tensile strength of 48.2 MPa was observed for A5 composites having 5 wt% fly ash and 5 wt% basalt powders, which increased nearly 33.60% compared to those without filler areca fiber polymer composites. Least tensile strength was noticed in the A1 and A3 composites compared to the other composites. The A3 exhibited the lowest tensile strength among all other materials. Due to insufficient wetting of WC during tensile loading, the interfacial adhesion between areca fibers and matrix was weakened, resulting in a lower tensile strength. Similar effects were observed in sisal-reinforced epoxy composites (Singh et al., 2021). Inadequate mixing of fly ash and WC may cause for the reduced strength in comparison to basalt powder. A2 (10 wt% basalt powder) had a tensile strength that was 25.49% and 30.01% higher than the A1 and A3 composites, respectively. The combined effect of two fillers in reinforced composites (A4, A5, and A6) increased tensile strength in comparison to single filler reinforced composites (A1 and A3). However, it was less than the A2-composites. Despite the presence of two fillers in areca fiber reinforced composites, basalt powder predominated, followed by fly ash and WC. The fly ash with WC (A4) composites showed the second highest tensile strength. The addition of fly ash filler to the basal (A4) shows a significant improvement in the tensile strength as compared to composites (WC + basalt powder). During composite tensile testing, it was observed that the WC filler does not maintain effective load transfer (Singh et al., 2021). In this investigation, basalt powder was the most efficient filler compared to the other fillers used in this study. As the proportion of cationic surfactant increases, the possibility of fly ash and WC fillers agglomerating reduces due to repulsion. Inorganic also fills the matrix’s meso and microvoids, enhancing the composites’ superior packing.
The tensile modulus of each composite are calculated from the stress-strain curve of each composites. Tensile modulus of the areca fiber composites are shown in Table 2. The tensile modulus of the A5 composite was high compare to all other composites.
TABLE 2 | Tensile modulus of composites.
[image: Table 2]The flexural strength of different areca fiber-reinforced composites are illustrates in Figure 4. The flexural strength of areca fiber-reinforced composites without any filler was 60 MPa (Ashok et al., 2018). The results demonstrate conclusively that fly ash, basalt powder, and WC increased the flexural strength of areca fiber composites. A5 composite was shown to have a superior flexural strength of 76.2 MPa, which is approximately 21.25% higher than composites without filler material. Composites A2 and A6 exhibited the second-highest flexural strength. The composites reinforced with fly ash (A1) and WC (A3) had the lowest flexural strength. The improved load transfer and elastic deformation of the composite was attributed to the increased interfacial stiffness and better adherence of fly ash powder at smaller particle sizes (Senthilkumar et al., 2018). Hence; it was the major reason for the lower flexural strength of the fly filler reinforced composites. In addition to this, the WC with fly ash and basalt powder in the composites also reduced the flexural strength. The accumulation of WC makes the composite more brittle, and it reduces the stiffness of the areca fiber. (Srinivasa et al., 2011) found that the flexural strength of the areca fiber composites is enhanced by increasing the weight fraction of areca fiber. The basalt powder filler enhanced the composite’s flexural strength in comparison to other fillers. In addition to other fillers, the filler increased the composite’s flexural strength. Basalt powder effectively bonds areca fiber with epoxy resin at their interfaces. (Vivek and &Kanthavel, 2019) observed a similar effect, in which the flexural strength of basalt powder-reinforced natural fiber composites was totally dependent on the filler’s adhesion to the fiber and matrix. Good interfacial bonding between the filler, areca fiber, and epoxy resin was primarily responsible for the composite’s retained rigidity.
3.2 Impact results
The Izod impact test specimens and results of areca fiber-reinforced composites with various fillers are shown in Figures 5A, B. The results clearly demonstrate that, in comparison to composites without the inclusion of filler, the presence of fillers improved the impact strength of the composites. (Ashok et al., 2018) found that the impact strength of areca fiber-reinforced composites without fillers was 11J. A4 and A5 composites demonstrated maximum impact strengths of 16.11J–15.34J, which is 31.719%–28.29% higher than the composites without filler. Composites with single filler (A1, A2, and A3) possessed lower impact strength than composites with two fillers (A4 and A5). A1 and A2 composites showed the inferior impact strength compared to other composites. A1, A2, A3, A4, A5, A6 improved their impact strengths by 9.3%, 23.29%, 20.058%, 31.71%, 28.29%, and 22.37%, respectively. Generally, voids occur during the production of composites reinforced with natural fibers (Singh et al., 2021). These voids can increase stress and accelerate up the growth and development of cracks. Fillers effectively inhibit crack formation and propagation in areca fiber-reinforced composites by effectively filling these voids.
[image: Figure 5]FIGURE 5 | Izod Impact test (A) Specimens (B) Impact results.
Fillers can serve as a good bond between the fiber and the matrix, which increases interfacial bonding and contributes to the enhancement of impact strength. The inclusion of fillers helps to fill the composite’s voids. However, this helps to delay the formation and development of micro cracks. The increase in impact resistance may be attributable to the fact that fillers absorb energy due to their higher surface-to-volume ratio (Singh et al., 2021). The decrease in impact strength in A1 was due to inadequate agglomeration and wetting.
3.3 Shore D hardness
Figure 6 depicts the influence of fillers on the Shore D hardness of areca fiber-reinforced composites. The Shore D hardness of the areca fiber-reinforced composite was 70 (Rajakumar et al., 2022). The inclusion of filler materials such as fly ash, basalt powder, and WC to the composite strengthened its hardness properties as compared with areca fiber composites without filler. With the inclusion of fillers, the polymer and fiber links are kept in position, hence increasing the stiffness and hardness of the composite. It was noticed that, over composites without filler, the average Shore D hardness was increased by 12.5 % (A1), 19.54 % (A2), 10.2 % (A3), 18.6% (A4), 15.6% (A5), and 13.5% (A6) for composites with filler added composites. Comparing basalt-reinforced composite to fly ash and WC, a considerable improvement was seen. Improper dispersion of WC fillers at low loading led to an increase in inter-particle distance, which was the major cause of the A3 lower hardness.
[image: Figure 6]FIGURE 6 | Shore D hardness results.
The slight decrease in hardness was noticed in the A4, A5, and A6 composites compare to the A2 composites. It was due to filler heterogeneities and void content. (Jothibasu et al., 2018; Padmaraj et al., 2018) showed comparable increases in hardness values for areca fiber reinforced composites.
3.4 Wear results
In this work, pin-on disc equipment was used to conduct the dry wear test. Figure 7 shows that when normal load and sliding velocity increase, the wear rate dramatically rises for all areca fiber composites. By subjecting the specimens to the corresponding normal load and sliding velocity of 15, 25, and 35 N and 120, 240, and 360 rpm, the wear test was carried out, respectively.
[image: Figure 7]FIGURE 7 | Wear rate of areca fiber composites.
The major operational parameters for the wear of polymer composites were the applied load and sliding speed. In order to vary it, a set sliding distance of 500 m was used. For each combination, about three specimens were evaluated, and the average value was noted. At all combinations of normal loads and sliding velocity, the wear rate for A1 composites continues to be the highest, whereas the wear rate for A4 composites continues to be the lowest. At 35 N load and 360 rpm speed, the A1 composite had the maximum wear rate (1,495 µm). A4 composite showed the least wear rate (132 µm) at 15 N load at 120 rpm. According to the normal load, the wear rate of A4 remains between 132 mm and 318 mm at lower sliding velocity (120 rpm), and between 408 μm and 965 μm at higher sliding velocity (360 rpm) (15 N–35 N). The WC with fly ash fillers strongly incorporated the areca fiber epoxy matrix interphase, resulting in transfer layers on the material surface that decreased wear resistance under all loading conditions. Govindan et al. (Govindan et al., 2022) reported similar kinds of findings. Next to A4, the least wear rate was noticed in the A5 composites at lower sliding velocity (120 rpm) irrespective normal load. However, at greater sliding velocity and normal loads, A2 had a lower wear rate compared to A5. It was shown that at increasing loading conditions, the A2 composite’s wear behaviour gradually decreased. The increase in contact area and decreased abrasion resistance of fly ash were the main causes of the A5 composite’s decreased wear resistance under higher loading conditions (Renukappa et al., 2011).
The wear rate of composites A2, A5, and A6 ranges from 1,002 m to 1,092 m. The basalt powder was added to composites A2, A5, and A6. However, the composite material A2 had a superior wear rate to A5 and A6. The minor increase in wear resistance of A5 and A6 was due to the hybridization of the filler material. A1 composites had the highest wear rate regardless of the loading circumstances. The use of fly ash filler in A1 composites decreases their abrasion resistance. This may be the result of an increase in the actual contact area of the resin and an appropriate filler concentration in the frictional composition. Fly ash has a lower abrasion resistance than WC and basalt powder. From the wear data, it was determined that filler materials can reduce the stress on sisal fibers and avoid thermal and mechanical breakdown of the matrix in the contact region.
3.5 SEM tensile fracture analysis
Figures 8A–D depicts the SEM fracture surfaces of the tensile samples A1, A3, A4, and A5 of areca fiber reinforced composites. Fiber tear and breakage are observed in the A1 and A3fracture surface (Figures 8A, B). Even though there was no crack, the decrease in tensile strength was caused predominantly by the presence of voids and fiber tear on the fracture surfaces. The river like pattern was noticed A1 confirms the failure is mixed mode failure (ductile and brittle). The adhesion between fiber and matrix was good in the A4 sample, which was confirmed by the fiber breakage on the fracture surface. A4 composites have a higher load carrying capacity than A1 and A3 composites, as evidenced by the absence of fiber tear and voids. The fracture surfaces of the A4 samples have the pattern that likes a river (Figure 8C). The presence of a river-like pattern indicates that the failure was dominated by the ductile. Similar failure was seen in composites containing graphene-filled banyan aerial root fibers (Ganapathy et al., 2021). The existence of a river pattern on the fracture surface demonstrates that the matrix cohesion of the A4 specimens was superior. Hence, it was the reason for higher tensile strength as compare to A1, A3 and A4 composites.
[image: Figure 8]FIGURE 8 | Fracture SEM (A) A1 (B) A3 (C) A4 (D) A5.
3.6 SEM results of worn surfaces
The A1 composite exhibits cracks, grooved surfaces, and wear debris (Figure 9A). It shows that a larger surface was worn as a result of a greater wear rate. It indicates that a larger surface was worn because the rate of wear was greater. The wear debris and cracks are seen in the A2 composites (Figure 9B). There is cracks on the worn surfaces, which increases the wear rate of the A2 sample. (Sumesh et al., 2022) observed a similar kind of crack formation in oil cake filler-added natural fiber epoxy composites. The crack formation in A2 was less compare to A1. It is likely that a protective layer is formed as a result of the layer’s ability to give a more uniform distribution of contact stresses with a lower magnitude, resulting in less wear as compared to A1. The worn surface of A3 composite (Figure 9C) was similar surfaces of A1 and A2 composites. However, wear debris and cracks are seen large in portion as compared to A2. This clearly demonstrated that WC filler’s binding to the epoxy resin was superior to that of the other two fillers. The addition of WC filler to the areca fiber epoxy composite performed better under the higher operating wear conditions as compared to fly ash and basalt powder. (Singh et al., 2021) reported that as the normal load and sliding speed increased, surface distortion of sisal fiber composites increased during dry wear.
[image: Figure 9]FIGURE 9 | Worn surfaces at load 35 N and speed 360 rpm (A) A1 (B) A2 (C) A3 (D) A4 (E) A5 (F) A6.
Figure 9D shows the worn surface of A4 composites. In comparison to fly ash, the influence of WC on the A4 composite during high loading circumstances was greater. The growth of scaling layers and the absence of cracks and wear debris confirmed this conclusion. The combination of fly ash with WC enhanced the wear resistance of the areca fiber composites, especially in higher loading conditions. From the worn surface, it was confirmed that during wear, both fillers prevented the matrix contact area from thermal and mechanical failures. The worn surface of A5 composites (Figure 9E) exhibits surface cracks and wear debris. During high loading conditions, the influence of basalt powder in the A5 composite was high compared to fly ash. As illustrated in Figure 9F, the worn surface pattern of the A6 is comparable to that of the A4. Wear debris and cracks was not seen in the A6 specimens. However, grooved surfaces were not noticed in the SEM images of A6 specimens. Chang and Friedrich (Chang et al., 2014) observed a similar type of worn surface in titanium oxide filler reinforced composites. It was confirmed that both fillers prevented thermal and mechanical failures in the matrix contact area during wear. Consequently, the wear rate of A6 composites was lower than other A1, A2, A3, and A5 composites. The wear rate was slightly higher than the A4 composites.
4 APPLICATIONS OF FABRICATED COMPOSITES
All in all, “Areca-fiber epoxy composites reinforced with fillers” have a wide range of applications due to their excellent mechanical, morphological, and tribological properties. The addition of fillers enhances the properties of the composites, making them suitable for a variety of industrial applications. This article explores the applications of areca fiber epoxy composites reinforced with various fillers, based on recent research studies.
i. Automotive Industry: areca fiber epoxy composites reinforced with various fillers can be used in the automotive industry for the manufacturing of lightweight components. These composites have remarkable mechanical characteristics like,” higher tensile strength,” “higher modulus of elasticity,” and “lower density,” making them an ideal choice for the manufacturing of automotive parts such as bumpers, spoilers, and dashboard components. The use of these composites can significantly reduce the weight of the vehicle, resulting in improved fuel efficiency.
ii. Aerospace Industry: areca fiber epoxy composites reinforced with various fillers can also be used in the aerospace industry. The composites’ lightweight nature and excellent mechanical properties make them suitable for manufacturing aircraft components such as wings, fuselage, and tail sections. The use of these composites in the aerospace industry can result in improved fuel efficiency and reduced carbon emissions.
iii. Construction Industry: areca fiber epoxy composites reinforced with various fillers can also be used in the construction industry. These composites have superior mechanical characteristics like “higher tensile strength,” and “lower thermal expansion,” making them ideal for construction applications such as roofing, flooring, and wall panels. The use of these composites in the construction industry can result in reduced construction time and improved durability.
iv. Packaging Industry: the fabricated polymeric composites can also be used in the packaging industry for the manufacturing of packaging materials. These composites have superior mechanical characteristics like, “higher tensile strength,” and “lower water absorption,” making them an ideal choice for manufacturing packaging materials such as boxes, trays, and containers.
v. Sporting Goods Industry: Areca fiber epoxy composites reinforced with various fillers can also be used in the sporting goods industry. These composites have splendid “physicomechanical characteristics” like, “higher tensile strength,” and “lower density,” making them an ideal choice for manufacturing sporting-goods including,“golf clubs,” “tennis rackets,” and “bicycle frames.”
Hence, the fabricated composites have a broader-spectrum of applications in various industries owing to their excellent physicomechanical, morphological, and tribological characteristics. The addition of fillers enhances the characteristics of the composites, making them suitable for a variety of industrial applications. The continued development and research of developed composites will likely result in the discovery of new applications and further expand their industrial use.
5 CONCLUSION
The areca fiber composites were included with fly ash, basalt powder, and WC using the compression moulding process, following mechanical and wear results. The mechanical and wear properties of fly ash, basalt, and WC filler powders combined with areca fiber were superior.
i. The highest tensile strength of 48.2 MPa was noticed in the hybrid filler reinforced areca fiber composite and the lowest tensile strength of 33 MPa was observed in the fly ash filler reinforced composites. The tensile strength of the hybrid filler added composite was higher than that of the single filler added composite.
ii. Similarly, flexural strength increased by 5.06%, 20.21%, 6.54%, 19.13%, 21.25%, and 6.25% with fly ash, basalt powder, WC, fly ash + WC, fly ash + basalt, and WC + basalt, respectively. The hybrid filler-substituted (fly ash + basalt) sisal fiber composite was shown to have improved flexural strength.
iii. With the addition of fly ash and WC, the maximum impact resistance reached 16.11 J. Composite with fly ash as filler exhibited the lowest impact strength.
iv. The Shore D hardness of composites with filler was increased by 12.5% (fly ash), 19.544% (basalt), 10.25% (WC), 18.6% (fly ash + WC), 19.544% (fly ash + basalt), and 13.58% (WC + basalt).
v. The A4 (fly ash + WC) composite has a lower wear resistance than all other composites.
vi. SEM fractography of tensile samples exhibited the river pattern, fiber breakage, fiber tear, and pull out, indicating that the addition of filler improved bonding and that ductile failure dominated the tensile failure.
vii. Composites with a lower wear resistance exhibited more cracks and wear debris surfaces (A1).
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