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Abstract 

The increasing demand for sustainable and environmentally responsible materials has driven the 

exploration of natural fiber-reinforced polymer composites as potential alternatives to conventional 

synthetic materials. Among various natural fibers, pineapple leaf fiber (PALF) and ramie fiber are 

notable for their complementary characteristics—PALF offers excellent insulating behavior and 

lightweight structure, while ramie provides high thermal stability and strength. In the field of Eco-

friendly composite product manufacturing, the processing temperature holds significant relevance in 

influencing overall performance. Therefore, the relevant aspects of the thermal properties of composites 

must be considered, and accurate thermal measurements using composite test methods are necessary. 

In this study investigates the thermal properties of six composite specimens with different stacking 

sequences. The specimens were evaluated based on thermal conductivity (CT), heat deflection 

temperature (HDT), and coefficient of thermal expansion (CTE). Results indicate that stacking 

sequences PRRPRRP exhibits the highest thermal conductivity (0.345 W/mK), while RPRPRPR has the 

lowest (0.205 W/mK). The highest HDT (250°C) was observed in stacking sequences PPRRRPP and 

RPRPRPR, suggesting superior thermal stability. Conversely, stacking sequences RPPRPPR 

demonstrated the lowest HDT (87.8°C). The coefficient of thermal expansion varied significantly, with 

stacking sequences RPPRPPR having the lowest CTE (1×10⁻⁶ /°C), indicating minimal dimensional 

changes under thermal stress, while RPRPRPR showed the highest CTE (2×10⁻⁵ /°C). Overall, the study 

emphasizes that static stacking sequence plays a crucial role in determining the thermal characteristics 

of natural fiber composites. These findings highlight the influence of stacking sequence on thermal 

behavior, providing insights for optimizing composite materials in high-temperature applications, 

particularly eco-friendly composites for use in construction, automotive, and thermal barrier systems. 
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INTRODUCTION 

Natural plant fibers like coconuts, bananas, and 

bamboo have become popular in the production of 

the fiber-reinforced hybrid composites Laminates. 

The hybrid composites Laminates are more 

demanded compared to synthetic fibers because of 

their superior properties [1]. Hybrid composite are 

expected to replace plastics in the future, with 

mechanical properties evaluation techniques such 

as tensile, impact, flexural and dynamic analysis 

[2]. Examined the hybrid composites made from 

woven ramie fiber mats, epoxy resin, and sponge 

iron slag, demonstrating industrial waste can be 

utilized to improve mechanical properties [3]. The 

need for biodegradable composites and the 

advantages of using natural fibers, including their 

lightweight and cost-effectiveness. The research 
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involved seven different arrangements, including layers of basalt and ramie fabric, with experimental 

tests aimed at evaluating their mechanical properties [4]. Pineapple and ramie fiber composites are 

typically made through processes like hand lay-up, compression molding, resin transfer molding, 

vacuum bagging. Hand lay-up is most extensively utilized due to its ease of use and low cost, which is 

best for tailoring fiber stacking sequences. Compression molding and hot pressing yield improved 

mechanical and thermal properties through strong fiber-resin bonding. Vacuum bagging provide 

accuracy and better quality, appropriate for higher-level applications. [5]. Mixed fiber reinforced 

composites provide substantial enhancements compared to using single fibers in various applications 

such as textiles, insulation, and heat-resistant plates. By harnessing the collective advantages of multiple 

fibers, these composites offer superior performance and greater versatility [6]. Researchers conducted 

a comprehensive investigation into the applications of glass fiber, carbon fiber and flax fiber, in 

reinforcing polymers. The study reveals that the unveiled that Hybrid composite made from flax fibers 

exhibit exceptional mechanical characteristics and possess a greater ability to absorb vibrations. By 

combining flax with carbon fibers in a common matrix, the total mechanical behaviors of hybrid green 

composites may be enhanced further. Important degradation mechanisms noted during the research 

included matrix cracking, embryology, deboning, and fiber breakage [7-8]. Novel composite laminates 

are developed by altering fiber arrangement and reinforcement material weight percentages for 

comprehensive investigation [9]. Extensive research has been conducted on basalt fibers, which are 

obtained from volcanic rocks found in nature. These volcanic rocks possess finely grained fibers, 

typically measuring between 10 and 20 micrometers in width [10]. This paper investigated the 

characteristics of composites, specifically focusing on their vibration and material properties. Through 

their research, they discovered that the residual bending strength of these composites undergoes a 

noteworthy enhancement when exposed to a temperature of 75°C. However, this strength diminishes 

when the temperature rises further to 90°C temperature, which is in close proximity to the glass 

transitions temperature [11]. Composites made using various methods, including the wet layup method, 

showed comparable performance [12]. The study examined tensile  

 

Mechanical behavior of a composite material made up of basalt fiber-reinforced polymer. To show 

the distortion distributions, a method referred to as digital image correlation (DIC) was utilized. It was 

found that the composite material showed non-homogeneous patterns, and strain responses were 

estimated and correlated to applied stresses. The analysis focuses on the challenge in describing 

mechanical properties at varied strain rates [13-14]. The composite material's properties are determined 

by fiber alignment, with unidirectional arranged Manila hemp fibers and epoxy resin/poly-lactic acid 

reducing thermal conductance by 33.33% but increasing weight fraction by 40–69% [15]. Composite 

materials are widely favored for their outstanding characteristics and diverse range of uses. However, 

effectively describing these materials poses a challenge due to factors such as their environmental 

impact, the uncertainty surrounding fiber properties, insufficient adhesion, and the absence of timely 

material failure indicators [16]. The focus examined the thermal and mechanical characterization of 

steam-exploded kigelia pinnata fruit fibers reinforced with vinyl ester polymers and treated with silane 

grafting, revealing enhanced interfacial bonding [17-18]. Due to their high thermal conductivity, 

excellent elongation, and low density, basalt fibers, which are obtained from volcanic rocks with small 

grains, are utilized in textiles, heat-resistant plates, and building insulation [19]. The study reveals that 

the addition of fishbone nanofiller and Phoenix pusilla dry leaves to hybrid composites enhances their 

tensile, flexural, and hardness properties [20]. Sayyidmousavi et al [21]. This study investigated on 

thermal conductance (CT) of a hybrid polymer composite using hemp fibre as the polymer matrix and 

reinforcement [22]. Hybrid composite goods can be made using a variety of methods, including melt 

compression, extrusion, and injection molding [23]. Plant fibers are sustainable materials, but their 

hydrophilicity limits compatibility with polymers. Eco-friendly surface treatments now offer a greener 

alternative to traditional chemical methods for improving fiber-matrix bonding [24]. Citrus x sinensis 

peel waste was used to extract cellulose with a 67.82% yield. The purified cellulose showed good 

crystallinity, thermal stability, and surface properties, making it suitable as a reinforcing material in 

polymer composites [25]. Phormium tenax fibers were added to natural rubber to enhance its properties. 
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The 6 mm fibers gave the best balance of strength, hardness, and abrasion resistance, with performance 

improving as fiber content increased [26]. Acacia caesia bark fibers improved the mechanical and 

thermal properties of epoxy composites, with 20 mm fibers showing the best performance and strong 

fiber-matrix bonding [27]. Alkali-treated areca and glass fibers in an epoxy matrix improved tensile, 

flexural, and impact strengths, with reduced wear loss and better fiber-matrix adhesion at higher fiber 

loadings [28]. 

 

The above literature review highlights a significant amount of research studies that have looked into 

the thermal and morphological characterizing of polymer composite materials consisting of Eco-

Friendly natural fibers. A majority of studies emphasize composite laminates where the layers consist 

of single fibers. Based on the literature, it has been found that the use of more than one fiber in composite 

more Advantages compared to composite using a single fiber. Because they are more cost-effective and 

environmentally friendly, natural fibers are being utilized more often as reinforcements in polymer 

composites. Furthermore the literature review is to explore how the orientation of pineapple and ramie 

fibres in hybrid composites affects their thermal characteristics Such as heat deflection, linear thermal 

expansion coefficient, and thermal conductivity. To conduct further research, a scanning electron 

microscope (SEM) was utilized to determine the composite fracture as a hybrid composite laminates. 

 

MATERIALS AND METHODS 

Materials 

The reinforcements used in this study are mats in ramie and pineapple fibers. For creating the 

cohesiveness, mats are subjected to pressing and chemical bonding for consolidating their structure. 

Then the fiber mats are subsequently precisely cut to the size (300mm*300mm) as required for the 

measurement. These fiber mats are then combined with a polymer matrix material to create composite 

laminates, employing the utilization of a vacuum bagging machine.  

 

Table 1 shows lists of the various mechanical properties of Pineapple, ramie, and matrix polyester 

fibres [29-30]. Epoxy resin and hardener from Javanthee enterprises in Chennai, India, are used in this 

study to create pure and hybrid composite laminates. The resin is bifunctional, and aliphatic primary 

amines like LY556 and HY951 are used as the hardener. It is common practice to premix and 

homogenise the epoxy and mix it with the hardener in a 10:1 weight ratio. 

 

Table 1. Physical characteristics of Materials' 

SL 

No 

Name of the 

Fibers 

Strength (MPa) 

of the fibers 

Modulus Elasticity 

(GPa) of the fibers 

Density 

(g/m3) of the 

fibers 

Poisson’s Ratio 

of the fibers 

Type of 

fabrics 

1 Pineapple (P) 300–430 110 2.8 0.24 Woven 

2 Ramie (R) 170–200 80 1.2 0.2 Woven 

3 polyester 35-40 3 1.09 0.23 Resin 

 

Composite Laminate Preparation 

The process of fabricating a composite laminate made of pineapple, ramie, and epoxy is showed in 

Figure 1. To improve their cohesion, the mats are submitted to chemical bonding and pressed to stabilize 

their structure. The fiber mats are then cut to precise (300mm*300mm) dimensions for measuring 

purposes Next, we arrangement as per static sequence them according to the composite order as follows 

Table.2 furthermore by utilizing the vacuum bag infusion technology was used to make the green 

polymer composite with different stacking sequences of pineapple/rami reinforcement [31]. The surface 

under the vacuum bag infusion setup was glass with an output agent. The samples were sealed with 

sealant tape and covered with plastic cover to avoid leakage. A vacuum pump was attached to one end 

of the corner, it was used to pull out extra resin to be remove the mold. Once placed at a temperature of 

2.040 kg / cm2 for 8 to 10 minutes, the composite laminate was dried and opened in a wet to dry method 

using warm air. The laminate was then cured for 24 hours and kept at a weight of 25.00 kg.According 
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to ASTM standards dimensions were prepared used water jet machine pineapple/ ramie composite 

laminates. This study's hybrid composites' overall fiber volume fraction and the contribution of each 

fiber batch percent to the total fiber volume fraction are shown in Table 2. To get the fiber volume %, 

the formula is given in equation (1). In order to calculate the fiber volume %, the density of the 

reinforcing fibers utilized in this investigation is given in Table 1.were named the sequence for sample 

code as follow S1-BBRRBB; S2-RRPRR; S3-BRPRPRP; S4-RBBRBRBR; S5-PRPRPRPRP; S6-

RBRBRBR.The arrangement of fiber layers static sequences plays a key role in balancing thermal 

insulation and thermal stability, insulation performance, and resistance to degradation of fiber-

reinforced composites. The sequence of ramie and pineapple fibers in stacking has a major influence 

on the thermal behavior of composite materials. Pineapple-based sequences enhance thermal stability 

with an HDT of as much as 250°C, Ramie-dominated layers amplify thermal insulation with lower 

thermal conductivity (0.205 W/mK), courtesy of the lower density of ramie.Alternating ramie and 

pineapple fibers stacking sequences also enable improved dimensional stability with reduced thermal 

expansion for reliability under conditions of temperature fluctuation. In general, precise design of the 

stacking sequences enables customized thermal properties for specific performance requirements in 

high-temperature or insulating applicati 

 

Vf = (Wb/ ρb) + (Wr/ ρr)/((Wb/ ρb) + (Wr/ ρ r) + (Wm/ ρm))  (1) 

 

Table 2. Stacking sequence of composites. 

Sl 

N

o 

Sequence 

and Sample 

Code 

Laminat

e 

Thicknes

s (mm) 

Weight(g) Fiber 

Volume 

Fractio

n of 

Basalt 

Fiber, 

bf (%) 

Fiber 

Volume 

Fractio

n of 

Ramie, 

Rf (%) 

Total 

Fiber 

Volume 

Fractio

n, Vf 

(%) 

Matrix 

Volume 

Fractio

n, Vm 

(%) 

Weight 

of 

Composit

e (Wc) 

Weigh

t of 

Basalt 

(Wb) 

Weigh

t of 

Ramie 

(Wr) 

Weigh

t of 

Matri

x 

(Wm) 

1 PPRRRPP(S

1) 

2.85 23.40 5.286 3.820 7.82 24.56 18.69 43.56 56.56 

2 RRPPPRR(S

2) 

3.27 24.01 4.783 2.869 8.69 22.68 20.23 45.00 50.28 

3 PRRPRRP(S

3) 

3.02 19.50 4.123 3.082 6.98 25.00 16.89 42.38 51.28 

4 RPPRPPR(S

4) 

3.56 23.08 5.896 3.526 8.01 18.98 17.89 44.85 49.36 

5 PRPRPRP(S

5) 

3.70 24.86 4.963 3.762 7.92 20.36 19.85 41.03 47.98 

6 RPRPRPR(S

6) 

3.01 22.90 3.986 3.685 6.98 21.98 16.36 44.85 50.98 

 

RESULTS AND DISCUSSIONS 

Thermal conductance 

Figure 2 Provides an illustration of the hybrid composite's thermal conductance. The sample code 

"S3" was found to have a maximum thermal conductivity (CT) of 0.345 W/mK in all hybrid composites 

prepared using ramie fibers connected by pineapple fibers. The outer layers of the pineapple fibers then 

switched this. The thermal conductivity (CT) of hybrid composite "S1" was 1.15% lower than that of 

"S3". The system had a sandwich-like arrangement of rami fibers in a dual configuration, with the 

middle part consisting of three layers of pineapple fibers. The thermal conductivity of hybrid green 

mixed sampling code "S4" was 1.24% lower than that of the sample Code "S2"was obtain minimum 

thermal conductivity (TC) of 0.205W/mK, the model code 'S6' is the worst performing hybrid 

composite. The heat transfer capability of hybrid composites is reduced when pineapple fibers are 

combined with ramie fibers, facilitating the composites' construction. Pineapple fibers have higher 

strength (300–430 MPa), modulus of elasticity (110 GPa), and density (2.8 g/cm³). These attributes 

result in greater thermal conductivity and higher heat deflection temperatures, making them suitable for 
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high-temperature applications. For example, composite S1 (PPRRRPP) shows HDT = 250°C and 

thermal conductivity = 0.302 W/mK. The Ramie fibers, with moderate strength (170–200 MPa) and 

lower density (1.2 g/cm³), contribute to lower thermal conductivity and better insulation properties. 

However, they also lead to lower heat resistance, as seen in S2 (RRPPPRR) with HDT = 96.8°C and 

thermal conductivity = 0.216 W/mK. 

 

Coefficient of linear thermal expansion  

Figure 3 Illustrates the variation in Coefficient of linear thermal expansion (CLTE) for different 

composite specimens with six different stacking sequences. The Coefficient of linear thermal expansion 

(CLTE) (300 °C to 600 °C) for hybrid composites.  

 

 
Figure 1. Manufacturing process for Composite Laminate. 

 

 
Figure 2. Thermal conductance. 
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The analysis observed that composite material, wherein Pineapple had been used as outer layers 

(designated as S2, S4, and S6), evidenced the coefficients of thermal expansion 0.1, 1, and 0.2×10−6/°C, 

respectively. The transmission of heat occurred in a smooth manner because reinforcements had been 

intercrossed in pattern [23]. The epoxy resin, which is used as the matrix material, increased the heat 

transfer considerably, thus enhancing the coefficient of linear thermal expansion (CLTE). Pineapple 

and epoxy resin were found to exhibit a wonderful binding property that created an improvement in 

heat transfer. The matrix component, evenly spread across the layers of pineapple fibre, enables the 

CLTE to increase in sample code "S2","S5" and "S6" regions. 

 

 
Figure 3. Coefficient of linear thermal expansion. 

 

 
Figure 4. Heat deflection temperature. 
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Figure 5. Statistical analysis of thermal conductivity (TC) and Heat Deflection Temperature (HDT) is 

displayed in the graph. 
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Figure 6. Statistical analysis of thermal conductivity (TC) and Heat Deflection Temperature (HDT) is 

displayed in the graph. 

 

Heat deflection temperature  

The heat deflection temperature acquired from the different varying stacking sequences is shown in 

Figure 4. This heat deflection test can be used to determine the short-term heat resistance [24]. It was 

noticed that each hybrid bio composite's Heat deflection temperature of differed depending on the 



 

Journal of Polymer & Composites 

Volume 13, Special Issue 5 

ISSN: 2321-2810 (Online), ISSN: 2321-8525 (Print) 

 

© STM Journals 2025. All Rights Reserved S740  
 

stacking order. The hybrid composite designated as 'S1 & S6' demonstrated the maximum heat 

deflection temperature (HDT) of 250 °C kg−1. The reinforcement fibers' alternating layers functioned 

as insulating layers, enabling the matrix materials to withstand higher temperatures compared to other 

stacking sequences. Hybrid composite 'S1 & S6' which can withstand high temperatures is suitable for 

insulation applications. 

 

Pineapple fibers are perfect for high-temperature applications because of their increased thermal 

conductivity, higher heat deflection temperature, and improved structural integrity under heat and 

Ramie fibers are more suitable for moderately heated conditions where insulation is a top concern due 

to their lower strength and lower heat deflection temperature, but they also provide superior thermal 

insulation with lesser thermal conductivity. The stacking sequence (arrangement of P and R layers) 

strongly affects composite performance. Pineapple-rich or balanced hybrid stacks (e.g., S1, S3, S5) 

show higher thermal stability, while ramie-rich stacks (e.g., S2, S4) provide better insulation but lower 

thermal tolerance. 

 

The Table 3. Shows experimental results of Hybrid composite in Different stacking sequence .The 

statistical analysis of response thermal conductivity and Heat Deflection Temperature values obtained 

with the Minitab 22 software presented above is shown in Figure 5. and 6. The experimental value of 

thermal conductivity (TC) and Heat Deflection Temperature (HDT) is found to have a probability of 

0.145 and 0.287 since p-values are larger than 0.05, indicating that the data is accepted and that the 

value is normally distributed. Figure 6 shows comparable p-values at 95% of the significance threshold. 

The lowest and greatest values thermal conductivity (W/mK) are found to be 0.205 and 0.435, 

respectively, similarly the Heat Deflection Temperature was found 87.86◦C and 250◦C.  

 

Table 3. Hybrid composite experimental results. 

Specimen 

Code 

stacking 

sequence 

Thermal 

Conductivity (W/mK) 

Heat deflection 

temperature (◦C) 

Coefficient of linear 

thermal expansion (/◦C) 

S1 PPRRRPP 0.302 250 6x10-6 

S2 RRPPPRR 0.216 96.8 1x10-5 

S3 PRRPRRP 0.345 134.1 5x10-6 

S4 RPPRPPR 0.227 87.8 1x10-6 

S5 PRPRPRP 0.236 166.6 9x10-6 

S6 RPRPRPR 0.205 250 2x10-5 

 

CONCLUSIONS 

In conclusion, of stacking sequence of eco-friendly Pineapple / ramie composites was plays a critical 

role in determining their thermal behavior. Parallel ply orientations result in enhanced thermal stability 

and heat absorption, making them favorable for applications requiring efficient heat management. The 

sample's thermal examination led to the following findings: 

• The maximum measured thermal conductivity was achieved by the sample S3 at 0.345 W/mK. 

The minimum conductivity was measured by 0.205 W/mK sample S6. 

• Low thermal expansion coefficient achieved in sample S. In contrast, sample S6 showed a high 

expansion coefficient, likely due to weaker interfacial adhesion and higher anisotropy in fiber 

orientation. Ramie fibers at the sample edges demonstrated superior resistance to thermal 

expansion, indicating strong intermolecular forces and reduced structural distortion under 

• The thermal deflection temperature (HDT), an important parameter that determines a material's 

resistance to softening under load, was the highest in sample S1 (250 °C) and the lowest in sample 

S4 (87.5 °C). This results determine that a hybrid stacking sequence had with ramie fibers as the 

Skin layers and pineapple fibers in the core produces a thermally stable composite with improved 

thermal resistance. The strong interfacial adhesion between the resin and fibers in these 

configurations contributes to increased stiffness, reducing the impact of thermal stress and 

deformation. 



 

 

Influence of Static Sequences on the Thermal Behavior of Eco-Friendly                                           Kannan et al. 

 

 

© STM Journals 2025. All Rights Reserved S741  
 

REFERENCES 

1. Behzad, T., & Sain, M. (2007). Measurement and prediction of thermal conductivity for hemp fiber 

reinforced composites. Polymer Engineering & Science, 47(7), 977–983. 

https://doi.org/10.1002/pen.20632 

2. Barouni, A., Lupton, C., Jiang, C., Saifullah, A., Giasin, K., Zhang, Z., & Dhakal, H. N. (2022). 

Investigation into the fatigue properties of flax fibre epoxy composites and hybrid composites based 

on flax and glass fibres. Composite Structures, 281(115046), 115046. 

https://doi.org/10.1016/j.compstruct.2021.115046 

3. da Silva, T. T., Silveira, P. H. P. M. da, Figueiredo, A. B.-H. da S., Monteiro, S. N., Ribeiro, M. P., 

Neuba, L. de M., Simonassi, N. T., Garcia Filho, F. da C., & Nascimento, L. F. C. (2022). Dynamic 

mechanical analysis and ballistic performance of Kenaf fiber-reinforced epoxy composites. 

Polymers, 14(17), 3629. https://doi.org/10.3390/polym14173629 

4. Hamidon, M. H., Sultan, M. T. H., Ariffin, A. H., & Shah, A. U. M. (2019). Effects of fibre 

treatment on mechanical properties of kenaf fibre reinforced composites: a review. Journal of 

Materials Research and Technology, 8(3), 3327–3337. https://doi.org/10.1016/j.jmrt.2019.04.012 

5. Deng, E.-F., Zhang, Z., Zhang, C.-X., Tang, Y., Wang, W., Du, Z.-J., & Gao, J.-P. (2023). 

Experimental study on flexural behavior of UHPC wet joint in prefabricated multi-girder bridge. 

Engineering Structures, 275(115314), 115314. https://doi.org/10.1016/j.engstruct.2022.115314 

6. Fiore, V., Scalici, T., Di Bella, G., & Valenza, A. (2015). A review on basalt fibre and its 

composites. Composites. Part B, Engineering, 74, 74–94. 

https://doi.org/10.1016/j.compositesb.2014.12.034 

7. Goda, K., Sreekala, M. S., Gomes, A., Kaji, T., & Ohgi, J. (2006). Improvement of plant based 

natural fibers for toughening green composites—Effect of load application during mercerization of 

ramie fibers. Composites. Part A, Applied Science and Manufacturing, 37(12), 2213–2220. 

https://doi.org/10.1016/j.compositesa.2005.12.014 

8. Gopinath, R., Poopathi, R., & Saravanakumar, S. S. (2019). Characterization and structural 

performance of hybrid fiber-reinforced composite deck panels. Advanced Composites and Hybrid 

Materials, 2(1), 115–124. https://doi.org/10.1007/s42114-019-00076-w 

9. Hamad, S. F., Stehling, N., Holland, C., Foreman, J. P., & Rodenburg, C. (200 C.E.). Low-Voltage 

SEM of Natural Plant Fibres: Microstructure Properties (Surface and Cross-Section) and Their Link 

to the Tensile Properties. Procedia Eng, 295–302. 

10. Kalita, K., Mallick, P. K., Bhoi, A. K., & Ghadai, K. R. (2018). Optimizing drilling induced 

delamination in GFRP composites using genetic Algorithm& particle swarm optimisation. 

Advanced Composites Letters, 27(1), 096369351802700. 

https://doi.org/10.1177/096369351802700101 

11. Karthik Babu, N. B., Muthukumaran, S., Arokiasamy, S., & Ramesh, T. (2020). Thermal and 

mechanical behavior of the coir powder filled polyester micro-composites. Journal of Natural 

Fibers, 17(7), 1058–1068. https://doi.org/10.1080/15440478.2018.1555503 

12. Mittal, G., Rhee, K. Y., Mišković-Stanković, V., & Hui, D. (2018). Reinforcements in multi-scale 

polymer composites: Processing, properties, and applications. Composites. Part B, Engineering, 

138, 122–139. https://doi.org/10.1016/j.compositesb.2017.11.028 

13. Nagamadhu, M., Jeyaraj, P., & Mohan Kumar, G. C. (2020). Influence of textile properties on 

dynamic mechanical behavior of epoxy composite reinforced with woven sisal fabrics. Sadhana, 

45(1). https://doi.org/10.1007/s12046-019-1249-z 

14. Petrucci, R., Santulli, C., Puglia, D., Sarasini, F., Torre, L., & Kenny, J. M. (2013). Mechanical 

characterisation of hybrid composite laminates based on basalt fibres in combination with flax, 

hemp and glass fibres manufactured by vacuum infusion. Materials in Engineering, 49, 728–735. 

https://doi.org/10.1016/j.matdes.2013.02.014 

15. Rahman, M. T., Asadul Hoque, M., Rahman, G. T., Gafur, M. A., Khan, R. A., & Hossain, M. K. 

(2019). Study on the mechanical, electrical and optical properties of metal-oxide nanoparticles 

dispersed unsaturated polyester resin nanocomposites. Results in Physics, 13(102264), 102264. 

https://doi.org/10.1016/j.rinp.2019.102264 

https://doi.org/10.1002/pen.20632
https://doi.org/10.1007/s42114-019-00076-w


 

Journal of Polymer & Composites 

Volume 13, Special Issue 5 

ISSN: 2321-2810 (Online), ISSN: 2321-8525 (Print) 

 

© STM Journals 2025. All Rights Reserved S742  
 

16. Ramesh, V., & Anand, P. (2021a). Evaluation of mechanical properties on Kevlar/Basalt fiber 

reinforced hybrid composites. Materials Today: Proceedings, 39, 1494–1496. 

https://doi.org/10.1016/j.matpr.2020.05.406 

17. Ramesh, V., & Anand, P. (2021b). Thermal analysis of Kevlar/basalt reinforced hybrid polymer 

composite. Materials Research Express, 8(11), 115302. https://doi.org/10.1088/2053-1591/ac3aa6 

18. Ramesh, Velumayil, Karthik, K., Cep, R., & Elangovan, M. (2023). Influence of stacking sequence 

on mechanical properties of basalt/ramie biodegradable hybrid polymer composites. Polymers, 

15(4). https://doi.org/10.3390/polym15040985 

19. Rajesh, D., Lenin, N., Cep, R., Anand, P., & Elangovan, M. (2022). Experimental investigation of 

bi-directional flax with ramie fibre-reinforced phenol-formaldehyde hybrid composites. Polymers, 

14(22), 4887. https://doi.org/10.3390/polym14224887 

20. Sayyidmousavi, A., Bougherara, H., Falahatgar, S. R., & Fawaz, Z. (2019). Prediction of the 

effective thermal conductivity of fiber reinforced composites using a micromechanical approach. 

Journal of Mechanics, 35(02), 179–185. https://doi.org/10.1017/jmech.2017.88 

21. Vieille, B., Chabchoub, M., Bouscarrat, D., & Gautrelet, C. (2017). A fracture mechanics approach 

using Acoustic Emission Technique to investigate damage evolution in woven-ply thermoplastic 

structures at temperatures higher than glass transition temperature. Composites. Part B, 

Engineering, 116, 340–351. https://doi.org/10.1016/j.compositesb.2016.10.074 

22. Yaacoubi, S., Dahmene, F., Bouzenad, A., El Mountassir, M., & Aouini, M. (2018). Modal acoustic 

emission for composite structures health monitoring: Issues to save computing time and algorithmic 

implementation. Composite Structures, 183, 338–346. 

https://doi.org/10.1016/j.compstruct.2017.03.081 

23. Narayana, V. L., & Rao, L. B. (2023). Influence of alkali treatment and stacking sequence on 

mechanical, physical, and thermal characteristics of hemp and Palmyra-reinforced hybrid 

composites. Journal of Natural Fibers, 20(2). https://doi.org/10.1080/15440478.2023.2213908 

24. Karthik, A., Bhuvaneshwaran, M., Senthil Kumar, M. S., Palanisamy, S., Palaniappan, M., & 

Ayrilmis, N. (2024). A review on surface modification of plant fibers for enhancing properties of 

biocomposites. ChemistrySelect, 9(21), e202400650. https://doi.org/10.1002/slct.202400650 

25. Palaniappan, M., Palanisamy, S., Khan, R., H. Alrasheedi, N., Tadepalli, S., Murugesan, T. M., & 

Santulli, C. (2024). Synthesis and suitability characterization of microcrystalline cellulose from 

Citrus x sinensis sweet orange peel fruit waste-based biomass for polymer composite applications. 

Journal of Polymer Research, 31(4), 105. https://doi.org/10.1007/s10965-024-03946-0 

26. Palanisamy, S., Mayandi, K., Palaniappan, M., Alavudeen, A., Rajini, N., de Camargo, F. V., & 

Santulli, C. (2021). Mechanical properties of phormium tenax reinforced natural rubber 

composites” Fibers 9, 11. https://doi.org/10.3390/fib9020011 

27. Palanisamy, S., Kalimuthu, M., Santulli, C., Palaniappan, M., Nagarajan, R., & Fragassa, C. (2023). 

Tailoring epoxy composites with Acacia caesia bark fibers: Evaluating the effects of fiber amount 

and length on material characteristics. Fibers, 11(7), 63. https://doi.org/10.3390/fib11070063 

28. Sumesh, K. R., Palanisamy, S., Khan, T., Ajithram, A., & Ahmed, O. S. (2024). Mechanical, 

morphological and wear resistance of natural fiber/glass fiber-based polymer composites. 

BioResources, 19(2), 3271-3289. https://orcid.org/0000-0003-1926-4949 

29. Neves, P. P., Costa, U. O., Bezerra, W. B. A., Figueiredo, A. B.-H. da S., Monteiro, S. N., & 

Nascimento, L. F. C. (2022). Dynamic and ballistic performance of uni- and bidirectional pineapple 

leaf fibers (PALF)-reinforced epoxy composites functionalized with graphene oxide. Polymers, 

14(16), 3249. https://doi.org/10.3390/polym14163249 

30. Nikmatin, S., Syafiuddin, A., Hong Kueh, A. B., & Maddu, A. (2017). Physical, thermal, and 

mechanical properties of polypropylene composites filled with rattan nanoparticles. Journal of 

Applied Research and Technology, 15(4), 386–395. https://doi.org/10.1016/j.jart.2017.03.008 

31. Pereira, A. L., Banea, M. D., Neto, J. S. S., & Cavalcanti, D. K. K. (2020). Mechanical and thermal 

characterization of natural intralaminar hybrid composites based on sisal. Polymers, 12(4), 866. 

https://doi.org/10.3390/polym12040866 

 

https://doi.org/10.3390/polym15040985
https://doi.org/10.3390/polym14224887
https://doi.org/10.1016/j.compstruct.2017.03.081
https://doi.org/10.1080/15440478.2023.2213908
https://doi.org/10.1002/slct.202400650
https://doi.org/10.1007/s10965-024-03946-0
https://doi.org/10.3390/fib9020011
https://doi.org/10.3390/fib11070063
https://orcid.org/0000-0003-1926-4949

