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Abstract: Natural fiber reinforced polymer matrix composites have gained significant attention in recent years due to their eco-

friendly nature and potential applications in various industries. Hand layup is a widely employed manufacturing method for 

these composites, offering flexibility and cost-effectiveness in producing complex shapes and structures. This review explores the 

characteristics of natural fibers, the properties of the resulting composites, and the process of hand layup. The integration of 

natural fibers with polymer matrices through hand layup is discussed in terms of mechanical performance, environmental 

impact, and economic feasibility. Challenges and future prospects in the field are also highlighted to guide further research and 

development efforts. 
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I.      INTRODUCTION 

Natural fiber reinforced polymer matrix composites have emerged as promising alternatives to traditional synthetic fiber composites 
due to their inherent sustainability, low cost, and satisfactory mechanical properties. The use of natural fibers such as jute, hemp, 
flax, and bamboo offers several advantages including biodegradability, renewability, and carbon neutrality compared to synthetic 
fibers like glass or carbon. These fibers, when combined with polymer matrices such as epoxy or polyester, create composite 
materials that find applications in automotive, construction, aerospace, and consumer goods industries. 
Among various manufacturing methods for these composites, hand layup remains a preferred choice for small-scale production and 
prototyping. Hand layup involves manually placing fiber layers within a mold and saturating them with a resin matrix, followed by 
curing to achieve the final composite structure. This method allows for flexibility in design, ease of handling complex shapes, and 
reduced initial investment in equipment, making it suitable for initial explorations and custom fabrications. 
This paper reviews the current state of natural fiber reinforced polymer composites produced via hand layup, focusing on the 
mechanical, thermal, and environmental properties of these materials. It discusses the influence of fiber orientation, resin selection, 
and processing parameters on the final composite performance. Furthermore, challenges such as fiber-matrix adhesion, moisture 
absorption, and recycling issues are addressed to provide a comprehensive understanding of the practical implications of using these 
composites in industrial applications. 

 

II.      NATURAL FIBERS 

Natural fibres are gaining a lot of priority over synthetic fibres due to many of their remarkable advantages like low cost, less 
processing requirements, biodegradability, high stiffness, high strength, lightweight, abundant availability and many more. They are 
likely to replace the synthetic fibres in the coming time.  
Here are a few significant characteristics of natural fibres. 
1) They are eco-friendly as they require less energy and emit less CO2 ,during their production. 
2) They are highly resistant to electricity 
3) They have good thermal and insulating properties 
4) They do not cause irritation and allergic reactions when contacted with bare skin 
5) They are a renewable resource 
6) They are biodegradable and when burnt, they do not emit poisonous gases 
7) They are cheap and abundant 
Natural fibers may be broadly classified as under: 
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However, they suffer from certain pitfalls like 
 They have low strength and stiffness  
 They absorb water and shape out easily 
 They are not durable 
 They are less compatible with other materials 
 They undergo wrinkling and need heat in the form of ironing or steaming, to regain their shape 
 They undergo shrinkage due to heat or moisture 
 They undergo pilling, which means the formation of small balls on the surface due to repeated washing, especially in case of 

textiles. 
 Although cheap, they require a lot of laborious effort to grow and harvest. 

 

 

III.      PERFORMANCE OF DIFFERENT NATURAL FIBERS WHEN USED IN COMPOSITES 

1) Animal Fiber: Chicken feather fibers are treated with certain metal oxides and are mixed i.e. reinforced with polyester resins by 
hand lay-up process. Compounds like ZnO3, CaCO3, and Al2O3 were added to the matrix. It helps in the enhancement of 
mechanical properties of the composites[1]. Mohair is the animal fiber. Different laminates of similar and hybrid layers by hand 
lay-up process in a closed mold at a constant fiber weight fraction (number of layers), mold pressure, curing time and 
temperature. The highest impact strength and the hybrid laminates of the mat and woven fabrics offer satisfactory strength[5]. 
Another study uses different mohair fibre textiles and were tested to see which one provides the best characteristics. The three 
most commonly used locally-made mohair fabrics (woven, knitted and pressed mat) were selected as reinforcement in polyester 
resin. Nine different laminates of similar and hybrid layers were made by hand lay-up in a closed mold at a constant fibre 
weight fraction, mold pressure, curing time and temperature. The results showed that the composite laminate of mat fabric 
reinforced polyester provides the maximum tensile strength, elongation, flexural strength and thermal insulation[64]. Another 
study considers EpoxyResin matrix reinforced with Emubird feather,Kusha grass,Copper wire for fiberlengths rangingfrom10to50 
mm,andfiberweight percentagesvarying from1to5%. The study analyzes the flexural characteristics of epoxy composites fabricated with 
different natural fibers. Flexural strength variations were observed with changes in fiber length and weight percentage. Emu feather 
composites showed a decrease in flexural strength with increased fiber length and loading, while kusha grass and copper fiber 
composites exhibited increased flexural strength with the same parameters [101]. 

2) Natural Fiber: Acacia tortilis fibers were extracted using manual extraction methods and alkali treated at 10 wt% and 20 wt%. 
Tensile, flexural strength, Young’s modulus, Extension were observed for different combinations[9]. Rattan fibre and 
unsaturated polyester resin are combined by GP-7150 using hand layup technique. Mechanical properties including tensile, 
flexural, density and hardness were studied[11]. 
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3) Vegetable Fiber: Optimizing the delamination failure in bamboo fiber reinforced polyester composite. a partially ecological 
composite was made, using natural fibers as reinforcement (bamboo fiber), in the polyester resin matrix to form a composite, 
seeking to improve the mechanical behavior among its class of material. Speed, feed and drill diameter using gray relational 
grade are studied[23]. 

4) Bamboo Fiber: Bamboo fiber is treated with NaOH (5%/2 h). The chemical characterization of the fibers was obtained followed 
by the morphological characterization using Scanning Electron Microscopy (SEM) Composites with 30 mm long treated fibers 
and 30% kaolin showed better flexural strength. The addition of kaolin waste provided a significant improvement in tensile 
strength[2]. 

5) Kenaf Fiber: Mechanical and morphological properties of woven kenaf/polyester fiber reinforced polylactic acid. Tensile stress, 
modulus, shear stress modulus, elongation were studied[12]. Another study explored methods to enhance the compatibility 
between kenaf fiber (KF) and polymer matrices by treating KF with zinc oxide nanoparticles (ZnONPs). The composite 
samples incorporating ZnONPs exhibited improved hydrophobicity and mechanical properties compared to untreated KF 
composites, with the optimal content of ZnONPs determined to be 2 wt%. Surface morphology changes and the presence of 
ZnONPs functional groups were observed in the treated composites[83]. 

6) Flax Fiber: Flax fiber-polyester composite goes under hand lay-up process. Results for longitudinal modulus, transverse 
modulus, shear modulus, tensile strength, compressive strength, shear strength were observed[6]. Another study involved 
numerical and experimental analysis of a large-scale footbridge model made of flax fiber-reinforced polyester composite. The 
study involved modeling a multi-layered laminate using ABAQUS with embedded fiber-optic Bragg grating (FBG) sensors for 
strain sensing and mechanical evaluation. The results from numerical analysis were compared with load test results[75]. 
Another study involved epoxy matrix reinforced with jute/banana/flax in combination with uniaxial glass fibers and further 
testing of the samples revealed that flax combined with glass fibers demonstrated higher strength compared to those of jute and 
banana combined with glass fibers[101]. 

7) Palmyra Palm Fiber: Forlong Palmyra Palm/ Borassus Flabellifer Petiole Fibre Reinforced Polyester Composites, tensile 
strength, tensile modulus flexural strength, flexural modulus, impact strength were observed and a significant improvement was 
found[15]. Another study developed a nanocomposite polymer using palm leaf stalk fiber treated with potassium permanganate 
(KMnO4). Mechanical tests were performed on the composites, showing superior values compared to similar natural fibers. 
Structural electron microscopy observations revealed the presence of matrix, reinforcement, and absence of voids due to nano 
powder addition[76]. 

8) Carbon Fiber: Pultruded carbon fibre reinforced polymer strips are produced with a novel bio-based thermoset polyester for 
structural strengthening and tensile strength, hardness, modulus of elasticity, and strain at failure were observed[19]. 

9) Bagasse Fiber: Effect of fiber loading on the mechanical and physical properties of “green” bagassepolyester composite were 
studied and flexural strength, failure at strain, young’s modulus, water absorption, chemical resistance were found[24]. Another 
study involving epoxy matrix reinforced with combination of old glass fiber and bagasse fiber; and epoxy matrix reinforced 
with combination of old glass fiber and banana fiber, composites of bagasse fiber yielded 70% more tensile strength than those 
of banana fiber, whereas both types of composites performed equally well in hardness and compression tests[102]. 

10) Eucalyptus Fiber: Investigations and uses of composites reinforced with natural fibers have been growing over the last decades. 
These composites offer economical, technical, societal and environmental advantages. As a consequence, they became 
promising alternatives to replace synthetic fibers from non-renewable sources. In this way, the study of the properties of these 
natural composites is of utmost importance to enable its use. Comparison of tensile mechanical behavior of polymeric 
composites reinforced with natural eucalyptus fibers is done[43]. 
Comparison between tensile behavior of epoxy and polyester matrix composites reinforced with eucalyptus fibers was made 
and tensile strength and elastic modulus of epoxy at 30% volume, and polyester at 30% volume were observed[25]. Another 
study evaluated polymeric composites reinforced with eucalyptus fibers, finding minor effects on tensile properties in both 
epoxy and polyester matrices[87]. 

11) Purun Fiber: study was done on the feasibility of using Polyester (PE) waste particles from metal coating industry as a 
secondary raw material in concrete. Flexural, compressive strengths, Flow values of Cement paste for 56 days are observed[26]. 
Another work studies the properties of polyester composites reinforced with purun fiber filler at different concentrations (5%, 
10%, and 15%). Purun fiber showed promise as a filler material, offering a balance of mechanical and thermal properties[78]. 

12) Sisal fiber: Comparative Study of Impact Strength Characteristics of Treated and Untreated Sisal Polyester Composites. Impact 
strengths of 3mm thickness of Treated specimen and 3mm thickness of Untreated specimen were observed[29].  
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Another study provided a dataset illustrating the mechanical properties of sisal, sorghum bicolor, and coconut coir reinforced 
polyester composites. The addition of sisal and coconut coir fiber was found to enhance the properties of the composites[81]. 

13) Sugar Palm Fiber and Glass Fiber Hybrid Composites: The effects of alkaline treatment and hybridization on the thermal 
properties of sugar palm yarn/glass fiber were investigated. The sugar palm fiber was treated with 1% of sodium hydroxide 
(NaOH) solution for 1 h and the ratio of matrix to reinforcement was varied. The thermal properties of the hybrid composites 
were analyzed using a dynamic mechanical works[44]. 

14) Pineapple Leaf Fibers: Lignocellulosic fibers (LCFs) obtained from plants are replacing glass fiber as reinforcement of polymer 
composites in engineering applications, including automobile parts. Among the promising LCFs, those from the pineapple leaf 
fibers (PALF) have a potential for composite reinforcement[46]. 

15) Indian Mallow Fiber: Randomly oriented Indian mallow fiber/polyester (IMFP) composites which are fabricated by 
compression moulding method by varying the fiber wt.% from 10 to 50% are taken. The prepared IMFP specimens were 
evaluated through various mechanical and thermal properties[49]. 

16) Coir and Hemp Fibers: The findings from the tensile, flexural, and impact tests revealed an enhancement in the mechanical 
characteristics of the fabricated composites as the proportion of coir fiber grew and the proportion of hemp fiber reduced. The 
hybrid composite, containing 15% coir and 5% hemp fibers, had superior mechanical properties to the binary composite 
system[61]. 
Another study considers natural resin as matrix and banana, coir were the fibers and composites were prepared using the hand 
layup method. Mechanical and physical properties were evaluated according to ASTM standards. The aim of the project was to 
manufacture and analyze the mechanical properties of a composite reinforced with natural fibers (banana, coir) and a natural 
resin matrix. 
The study found that banana fiber is a suitable reinforcing material for composite materials due to its strong mechanical 
qualities, including high tensile strength, high elastic modulus, and good toughness. The stacking of fibers influenced the 
mechanical and physical properties of the composite. Coir fibers were also investigated for their potential use in composite 
materials due to their abundance,  renewability, and biodegradability[95]. 

17) Discarded Chicken Feathers: Investigation of ways to utilize discarded chicken feathers, which are a byproduct of poultry 
farms, to create sustainable composite materials and such composites combine chicken feather fibers (CFF) with unsaturated 
polyester resin (UPR) were successful in reducing environmental pollution [62]. 

18) Coconut Fiber: Panels were produced using rectangular molds, and the effects of various fiber sizes, especially 2, 4, and 6 mm, 
were compared without fiber and continuous fiber polymer composites and investigation on the impact of varying fiber lengths 
on the flexural strength of coconut fiber composites with epoxy resin, revealed that the flexural strength of Natural Fiber-
reinforced Polymer Composites (NFPC) varied with fiber length[72]. 

19) Jute Fiber: Fiber reinforced composites with jute fibers of length 5-6 mm using polyester and epoxy resins were prepared. The 
composites were synthesized at 18:82 fiber-resin weight percentages and tested for mechanical properties such as tensile 
strength, flexural strength, impact strength, and hardness. The results indicated that the jute reinforced epoxy composite 
exhibited better mechanical properties compared to the jute-polyester composite [73]. 

In another study, Cement, sand, and bricks waste were used as matrix and reinforced with Jute fibers M20 grade concrete was mixed 
with various volumetric percentages of 10mm long jute fibers (0.05%,0.10%,0.25%,0.50%, and 1.00%). They were tested for 
compressive and split tensile strength after 7 and 28days of curing. And found that the compressive strength increasedby39%[91]. 
Another study, in which Poly lactic acid (PLA) was the matrix material and Jute was used as fiber, performed a comprehensive 
exploration of jute fibre reinforced PLA matrix composite focusing on their load carrying capacity and strength through finite 
element analysis. The composite utilizing short jute fibres exhibited superior strength compared to the long fibre-PLA composite. 
Short fibres exhibit better toughening and strengthening qualities than longer fibres due to their good adhesive surface to the matrix 
[93]. Another study considered Lignin-based resin (E- PCL) as the matrix which was reinforced with Mercerized jute. Composites 
were manufactured with the help of compression moulding. Flexural properties of jute fiber-reinforced biopolymer composite were 
achieved using a lignin-based resin and mercernibation approach. The study aimed to find the flexural strength and modulus of jute 
fiber reinforced polymer composites. Mercerized jute/E-PCL composite showed improved flexural strength (377%) and flexural 
modulus (72.9%) compared to neat jute/E- PCL composite. The mercerized composite exhibited excellent fiber- matrix bonding 
with no voids and improved thermal stability and hydrophobicity [94]. One more study involved epoxy matrix which was reinforced 
with chopped glass fibers and jute fibers and proved that addition of glass fibers yielded improved strength [103]. 
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20) Banana fiber: Resin with natural fibers- jute, pineapple, and banana composites were prepared with three different thicknesses 
(5mm,10mm, and15mm) using the hand layup method. Temperature differences on the surfaces and surroundings of the 
composites (JPAB, PAJB, BPAJ) were recorded at one-minute intervals. The BPAJ composite, consisting of 50%banana,25% 
pineapple, and25%jute, exhibited high thermal resistance and temperature differences.  

The study concluded that the percentage variation of fibers affected the heat transfer properties of the insulation. The BPAJ 
composite showed promising results in terms of thermal resistance and temperature differences [96]. Another study includes 
fabrication of banana fibre mats through pulping, drying, and hot pressing. Composite sheets were reinforced with 50% pineapple, 
taro,or water hyacinth fibres. Mechanical properties (tensile,yield strength, elongation, bursting strength), hydrophilicity (contact 
angle, water absorption), biodegradability(soil burialtest),seedling growth promotion were studied and Banana-taro composites 
exhibited suitable tensile strength[97]. 
Epoхy matrix was reinforced with banyan and banana fibers and the manufacturing process involved extraction, treatment, and 
preparation of natural fibers, followed by their incorporation into composites using techniques like hand lay-up and resin transfer 
molding. The characteristics evaluated include mechanical properties such as tensile strength, bending strength, impact strength, and 
fracture toughness of the composite materials. Banana fibers, exhibit enhanced(better) mechanical properties compared to traditional 
composites[98]. 
Epoxy Resin(LY556) &Hardener(HY951) and banana fiber (continuous)and Glass Fiber (Chopped strands mat of 450GSM) were 
considered for the study. Banana fiber was treated with sodium hydroxide (NaOH) to produce treated hybrid composites. Samples 
with treated and untreated banana fiber alongside pure epoxy resin and glass fiber were prepared with different fiber weight volume 
percentages. The study investigated the mechanical properties of banana- glass fiber reinforced epoxy hybrid composites. Treated 
banana fiber exhibits better tensile, flexural, and impact properties compared to untreated fiber[100]. 
21) Peach Palm Fibers: Studies on bi-dimensional orientation of peach palm fibers, revealed that the oriented fibers offer superior 

mechanical properties compared to randomly oriented ones[85][90]. 
22) Sugar Palm/Glass Fiber Hybrids: Analysis of thermal properties of sugar palm (SP)/thermoplastic polyurethane (TPU) hybrid 

composites with glass fiber (GF) was performed and changes in thermal behavior based on fiber weight fractions were 
observed[88]. 

23) Bio-Based Resin in CFRP: High-performance CFRP composite strips using a bio-based unsaturated polyester (UP) resin were 
developed, offering excellent mechanical properties for structural strengthening[89]. 

24) Agave fiber: A polymer matrix like polyester, epoxy etc., was considered and Natural fibres(specifically agave fiber) were used 
as reinforcing material. The composite material is fabricated with various fibre orientations such as 0°,45°,and90°. The material 
characteristics including tensile, flexural, and impact strength are calculated. And found that high specific strength, high 
resistance to corrosion, high stiffness and strength were  obtained [92]. 

25) Vakka fibers: Unsaturated polyester resin of grade ECMALON4411 reinforced with Vakka, sisal, bamboo, banana fibers were 
considered. Unidirectional composites were prepared using handlay- up method. Fibers were extracted through retting and 
mechanical procedures. The study investigated the tensile, flexural, and dielectric properties of the composites. Vakka fibers, 
being lightweight, renewable, and underutilized, are investigated alongside established fibers for their potential in lightweight 
structural applications. Vakka fiber composites demonstrated superior tensile strength and modulus compared to sisal and 
banana composites, with results at higher volume fractions of fiber. The composites also exhibit lower density, making them 
attractive for lightweight materials[99]. 

26) Composite Properties Investigation: A new polymeric composite materials from the flamboyant pod (Delonix Regia), an 
agricultural waste, with polyester as a matrix is used to  investigate the properties and application areas[31].  

27) Biocomposites and Mechanical Properties: Biocomposites reinforced by natural plant fibers tend to be brittle, moisture 
sensitive and have limited strength. Wood cellulose nanofibers (CNF) were therefore used to reinforce an unsaturated polyester 
matrix (UP) without the need of coupling agents or CNF surface modification. The nanostructured CNF network reinforcement 
strongly improves modulus and strength of UP but also ductility and toughness. A template-based prepreg processing approach 
of industrial potential is adopted, which combines high CNF content (up to 45 vol%) with nanoscale CNF dispersion[37]. 

28) Physical and Mechanical Properties Investigation:Physical and mechanical properties of flamboyant (Delonix Regia) pod filled 
polyester composites. Density, water absorption, elongation at break, flexural strength, flexural modulus, tensile strength, 
tensile modulus, hardness are observed[27]. 
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29) Flame Retardant Properties Investigation: Effect of Magnesium Hydroxide on the Flame Retardant Properties of Unsaturated 
Polyester Resin. Mass loss rate, Heat release rate for samples without magnesium hydroxide, the HRR peak of the samples 
contained 35%, 45% and 55% of magnesium hydroxide was decreased, while SEAav significantly reduced[30]. 

 

a) Comparative Studies: 

Khalil Ahmed et al. [36] This paper presents the comparative results of a current study on unsaturated polyester resin (UPR) matrix 
composites processed by filament winding method, with cotton spun yarn of different mass irregularities and two different volume 
fractions. Physical and mechanical properties were measured, namely ultimate stress, stiffness, elongation%. 
Fabio de Oliveira Braga et al. [40] A multilayered armor system (MAS) is intended to personal protection against high kinetic 
energy ammunition. MAS layers are composed of materials such as a front ceramic and a back composite that must show both high 
impact resistance and low weight, usually conflicting characteristics. Synthetic fiber fabrics, such as Kevlar™ and Dyneema™, are 
the favourite materials to back the front ceramic, due to their high strength, high modulus and relatively low weight. Among the 
tested materials, the 30 vol.% fiber composites were found to be the best alternative to Kevlar™. 
 
b) Materials and Processing Techniques: 

Rulin Yanga et.al. [28] Recycling routes, including biodegradation, mechanical recycling, and chemical recycling for polymer 
materials that are easy to sort and have good thermal stability, melting and reformation are preferred, while composting should be 
prioritized for materials with good biodegradability. 
FemianaGapsari et al. [35] Natural fiber reinforced composites are usually added with fillers to improve their performance. This 
study describes the successful development of timoho fiber (TF)-reinforced polyester composites combined with iron powder (IP) 
filler. Composite fabrication used hot press method. Flame, thermal, mechanical, and morphological characteristics were analyzed 
to determine the effect of variations on the volume fraction of IP filler in polyester composites with 30% (wt) TF. The results 
showed that the PTF composite had the highest tensile strength  
 

c) Material Characterization and Investigation: 

Binu P P et al. [39] A series of glass fiber reinforced polyester nanocomposites have been prepared with varying compositions and 
Cloisite15A as nanofiller.. The effects of nanoclay content on the mechanical, dynamic mechanical and thermal properties of 
nanocomposites were studied. Tensile testing, Impact testing, Dynamic Mechanical Analysis and Thermogravimetric analysis are 
employed to investigate mechanical and thermal characteristics. The fractured surface isanalyzed by Scanning Electron 
Microscopy(SEM) to indicate brittle nature of fracture for pure polyester reinforced with glass fiber mat, Whereas the fracture 
changed to ductile nature by the addition of nano clay. 
Chinnappa Arumugan et al. [42] Silver nanoparticles (AgNPs@PVA) were prepared and nanobio-composites were made using 
unsaturated polyester resin, woven kenaf fiber (untreated and treated with NaOH, formic acid, acetic anhydride, hydrogen peroxide 
and KMnO4) and 2% AgNPs@PVA. In the FT-IR spectrum the band at 1736 cm−1 due to lignin disappeared completely for the 
fiber treated with 5% NaOH. The intensity of the above band was found to decrease in the order of KMnO4 > H2O2 > Ac2O > 
Untreated > HCOOH > NaOH treated fibers. This study, suggests that the material studied here could be good replacement for 
automotive interior (side panels, seat frames, central consuls) and exterior parts (door panels, dash boards). 
 

d) Wear Properties Investigation: 

E.O. Achukwu et al. [33] This study addresses the experimental investigation on physico-mechanical and Taguchi-designed sliding 
wear properties of novel Himalayan agave fiber (fiber's sizes of 3 mm, 5 mm, 7 mm and fiber's loading of 5 wt.%, 7 wt.% and 9 
wt.%) reinforced polyester composites. The tensile and impact strength were observed to increase with increase in fiber's size and 
loading whichledto maximum tensile and impact strength. 
 
e) Application Studies: 

Aidy Ali et al. [32] In this study, researchers developed a laminated woven bamboo/woven E-glass/unsaturated polyester composite 
to withstand ballistic impact from bullets in shooting tests. The aim was to understand how the woven bamboo arrangement affects 
ballistic resistance properties. The study focused on the ballistic limit test known as NIJ V50, which qualifies materials for use in 
combat armor panels. These findings provide a strong basis for engineers to consider green composites as potential replacements for 
synthetic composites in certain engineering applications. 
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f) Delamination Studies: 

N. Abilash et al. [38] Delamination is represented to be the most prevalent failure in composite structures. The characteristics of a 
composite material are determined by how it behaves while machining. Drilling is the most predominant machining process because 
of its cost effectiveness when compared with other processes. This research mainly emphasizes on the critical parameters by varying 
its speed, feed, and diameter of the cutting tool, their contribution to delamination was analyzed. Reduced delaminations were 
identified by varying the speed and feed rate. 
 
g) Impact Toughness of Polyester Matrix Composites: 

Veronica Scarpini Candido et al. [45] The fibers extracted from the sugarcane bagasse have been investigated as possible 
reinforcement for polymer matrix composites. The use of these composites in engineering applications, associated with conditions 
such as ballistic armor, requires information on the impact toughness.  
Charpy tests were performed in ASTM standard specimens of polyester matrix composites, reinforced with 10, 20 and 30 vol% of 
continuous and aligned sugarcane bagasse fibers, in order to evaluate the impact energy. 
 

h) Functionalization of Composite Materials: 

Anderson Oliveira da Silva et al. [47] Functionalization of composite materials by ionizing radiation is considered an 
environmentally friendly technology to improve the compatibility of natural fibers with a polymer matrix. However, depending on 
the dose, it might also cause degradation. In particular, the effect of ionizing radiation on hybrid polymer composites reinforced 
with both naturals and synthetics fibers still needs more attention.  
 

i) Water Absorption Behavior of Woven Fan Palm Fiber Composites: 

Kusmono et al. [48] This study aims to investigate the effect of silane, alkali, and a combination of alkali–silane treatments on the 
water absorption behavior, mechanical and thermal properties of woven fan palm fibers (WFP)-reinforced unsaturated polyester 
composites. Maximum moisture content (Mm) and diffusivity (D) values of treated WFP composites immersed in 3.5% NaCl 
solution both at room temperature and 60° C were found to be lower than those of untreated WFP composite.  
 

j) Optimization of Alkali Treatment for Natural Fiber Reinforced Polyester Composites: 

Abiola John Adeyi et al. [63] Studies on modeling and optimization of alkali treatment, investigation of experimental uncertainty 
and sensitivity analysis of alkali treatment factors of natural fibers. In this contribution, response surface methodology (RSM) was 
employed to investigate and optimize the effect of varied treatment factors (sodium hydroxide concentration (NaOH) and soaking 
time (ST)) of the alkali treatment of Ampelocissuscavicaulis natural fiber (ACNF) on the tensile strength (TS) of alkali treated 
ACNF reinforced polyester composite. 
 

k) Mechanical Properties of Crocheted Fabrics of Miriti Fibers in Polyester Matrix: 
AltairleyM.Freires et al. [65] includes experimental investigation of the mechanical properties of composites reinforced with 
crocheted fabrics of miriti fibers (Mauritia flexuosa) in a polyester matrix. The fabrics were manufactured under different 
grammages, with and without alkaline fiber treatment. The composites were produced using two different viscosity conditions of the 
polyester matrix and part of these underwent post-cure treatment at 60 °C. In order to evaluate the effects of the input variables, the 
samples were produced by manual lamination with curing under vacuum, following a complete factorial. 
 

l) Valorization of Chemical Compounds from Thermal Decomposition of Fiber Reinforced Plastic Waste: 

A. Serras-Malillos et al. [66] Valorisation of chemical compounds derived from the thermal decomposition of the plastic matrix in 
fibre reinforced plastic waste is claimed as crucial for cost-effective recycling of this waste. The study validated the application of a 
thermal treatment (900 °C) to the volatiles generated from the pyrolysis of four end-of-life glass fibre reinforced polyester waste in a 
fixed bed tubular reactor placed in series with the pyrolysis reactor. Thermal treatment of pyrolysis volatiles' improves current 
scenario by transforming the hazardous liquids and low quality. 
 

m) Overview of Natural Fiber Composites and Their Applications: 

Sivasubramanian Palanisamy et al. [67] Natural fiber composites (NFCs) as alternatives to traditional materials such as fiberglass. 
By examining fibers like abaca, bamboo, banana, coir, flax, hemp, jute, kenaf, pineapple leaf (PALF), sisal, and others,  
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we emphasize their lower weight, cost-effectiveness, competitive mechanical properties, commendable specific strength, and 
potential for biodegradability. NFCs offer practical and eco-friendly substitutes for conventional composite fibers in industries like 
construction, automotive, and packaging.  
 

n) Investigation on Mechanical and Water Absorption Properties of Natural/Synthetic Hybrid Fiber Composites: 

F.S.M Radzi et al. [77] investigated the mechanical and water absorption properties of natural/synthetic hybrid fiber-reinforced 
composites using sugar palm, kenaf, and bamboo along with fibreglass and Kevlar. They found that different weight contents of 
natural fibers influenced mechanical strength, with sugar palm fibers demonstrating excellent water resistance. 
 

o) Optimization of Stacking Sequence and Fiber Content in Hybrid Laminated Composites: 

M.N.M.Azlin et al. [79] emphasized the importance of optimizing stacking sequence and fiber content for woven kenaf/polyester 
fiber reinforced PLA hybrid laminated composites to tailor mechanical and morphological properties based on specific application 
requirements. 
 

p) Mechanical Properties of Various Natural Fiber Reinforced Laminates: 

S.Satbrief et al. [80] tested the mechanical properties of ukam, banana, sisal, coconut, hemp, and E-glass fiber reinforced laminates. 
They found that natural fibers are of interest for low-cost engineering applications and can compete with artificial glass fibers when 
high stiffness per unit weight is desirable. 
 

q) Sustainable Utilization of Covid-19 Waste Face Masks: 

Mashrafi Bin Mobarak et al. [82] investigated the sustainable utilization of Covid-19 waste face masks by fabricating composite 
materials incorporating shredded masks into the UPR matrix using the hand lay-up technique. The study aimed to evaluate the 
mechanical properties of these composites. 
 
r) Analysis of Wood Charcoal Filler in Natural Fiber Reinforced Polymer Composites: 

Subrata Chandra Das et al. [84] analyzed the incorporation of wood charcoal as a filler in natural fiber reinforced polymer 
composites. They tested the developed composite formulations for mechanical and physicochemical properties, revealing improved 
tensile properties with a 4 wt% charcoal filler modification compared to the reference composite. However, further increase in filler 
content led to lower mechanical properties. Thermogravimetric analysis showed increased thermal stability of the 4 wt% charcoal 
filler modified composite. 
 

s) Impact of Fillers on Microhardness and Characterizations of Composites: 

Jaideep Adhikari et al. [86] observed an increase in microhardness with filler incorporation in composites, reaching its maximum at 
20 wt% filler content. Various characterizations were performed on composites fabricated with 20 wt% filler content, including 
Vicker’s microhardness testing, SEM, EDS, XRD, FTIR spectroscopy, TG analysis, DSC, LOI testing, and water absorption test. 
Fillers in Composites: Jaideep Adhikari et al. [86] investigated filler effects on composites, showing increased microhardness with 
filler incorporation, peaking at 20 wt%. 

 

IV.      CONCLUSION 

The integration of natural fibers with polymer matrices through hand layup offers a sustainable approach to composite material 
production with significant potential for growth in various sectors. This review aims to highlight key advancements, identify areas 
for improvement, and stimulate further research in optimizing the properties and applications of natural fiber reinforced polymer 
matrix composites. By incorporating renewable and environmentally friendly fibers like jute into polymer matrices, composite 
materials become more eco-friendly while retaining desirable properties. Industries, from automotive to construction, stand to 
benefit from these lightweight, strong, and potentially cost-effective materials. The review underscores the importance of ongoing 
research efforts to enhance mechanical properties, optimize manufacturing processes, and explore new applications. By recognizing 
both strengths and areas needing improvement, researchers can guide future studies towards maximizing the benefits of natural fiber 
reinforced polymer composites, thus contributing to a more sustainable future in materials science and engineering. 
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