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ABSTRACT 

This research aimed to address the need for a sustainable and effective composite material for protective 

shields by utilizing bamboo fiber as reinforcement and polyester resin as a matrix. The study involved the 

extraction of bamboo fibers from bamboo culms and their subsequent treatment with a 0.5 mole NaOH 

solution to enhance compatibility with polyester resin. Composite samples were prepared using different 

weight percentages of treated bamboo fiber (ranging from 10% to 70%) through the hand-layup technique. 

The research focused on evaluating key mechanical properties, including tensile strength, flexural strength, 

flexural modulus, impact hardness, and water absorption, across seven distinct composite samples. Among 

these, Sample 'D' (consisting of 40 wt.% bamboo fiber and 60 wt.% polyester resin) exhibited the most 

promising mechanical properties and was selected for further analysis. It demonstrated exceptional 

characteristics, with a hardness value of 75.10 HV, flexural strength of 145.8 MPa, tensile strength of 68.60 

MPa and an impact strength of 69.00 KJ/m². Moreover, Sample 'D' displayed a low water absorption rate 

of 0.35% and a density of 158 g/cm³. Thermal stability was confirmed by measuring the glass transition 

temperature (Tg) at 113.4ºC and 115.6ºC. Scanning Electron Microscope (SEM) analysis revealed some 

instances of delamination and micro voids at various magnifications (X300, X330, X1000, and X1500). 

These findings underscore the potential of treated bamboo fiber reinforced with polyester resin for the 

production of protective shields. In summary, this study addresses the problem of finding a sustainable 

material for protective shields, outlines the methodology used for developing bamboo fiber-polyester 

composites, presents promising results in terms of mechanical properties, and recommends the adoption of 

these composites for applications in security and defense equipment, contributing to the advancement of 

sustainable materials in this field. 
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1 INTRODUCTION 

nsecurity remains a pressing challenge in Nigeria and across Africa, encompassing issues such as 

kidnapping, banditry, terrorism, ethnic conflicts, vandalism, riots, and religious crises [1]. These 

security threats pose significant risks to both lives and property, exerting a lasting negative impact 

on economic growth and development [1]. The importance of security as a vital tool for sustainable national 

development cannot be overstated, as it hinges on maintaining stability, equity, and peace through the 

effective discharge of security operations [2]. Security measures are often categorized into two primary 

forms: soft protection and hard protection. While soft protection includes lightweight and flexible armor 

like bulletproof vests and safety boots, hard protection encompasses heavier and more robust materials such 

as ceramics, metals, and composite materials [3, 4]. Protective shields, a quintessential component of hard 

protection, are indispensable tools for law enforcement agencies during riots and public disturbances. They 
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not only provide protection against potential injuries but also serve as a means to control and disperse 

crowds effectively. Manufactured industrially, these shields are primarily composed of polycarbonate, 

offering both transparency for visibility and resistance against projectiles [5]. Advancements in technology 

and research have unveiled the potential for recycling and repurposing materials, thereby driving the 

exploration of composite materials with enhanced properties [6]. Composites, characterized by their 

amalgamation of two or more materials, consist of a matrix and a reinforcement [7]. In the context of this 

study, natural fibers such as bamboo have garnered significant attention as reinforcement materials due to 

their high strength-to-weight ratio, cost-effectiveness, and accessibility [8]. Bamboo, in particular, has 

become a subject of great interest in engineering due to its inherent strength, low density, and versatility 

[9]. It presents an eco-friendly alternative to materials derived from petrochemicals and exhibits 

considerable resistance to tensile loads [10]. Bamboo fibers, derived from bamboo culms, contain cellulose 

and lignin and can undergo physical or chemical treatment to improve their compatibility with matrices like 

polyester resin [11]. Polyester resins, a class of thermosetting resins, are commonly employed in various 

engineering applications [12]. However, polyester resins possess certain limitations, including low thermal 

expansion and brittleness, which can be mitigated by incorporating natural fibers during production [12, 

13]. The current research endeavors to harness the potential of bamboo fiber and polyester composites in 

the production of protective shields, representing a novel and sustainable approach to enhance security 

equipment. 

2 LITERATURE REVIEW 

[14] conducted an investigation into the performance of composite materials comprised of giant 

bamboo fibers reinforced with epoxy, particularly when used as a back plate within a multilayered armor 

system. In this study, ceramic tiles were meticulously crafted by sintering a blend of aluminum oxide 

powder and NB2 O5 powder for a duration of 3 hours. The researchers arranged layers of epoxy and bamboo 

fibers in between these ceramic tiles to create a laminate composite, which was subsequently subjected to 

ballistic testing using high-velocity ammunition. The results of this research revealed that the composite 

exhibited a depth penetration of 18mm, falling below the specified threshold of 44mm as outlined by the 

National Institute of Justice (NIJ). Importantly, the giant bamboo composite proved to be a preferable choice 

compared to aramid fabrics, which exhibited a penetration depth of approximately 22mm. Furthermore, 

this composite acted as a protective barrier, effectively mitigating the risk of fragments originating from 

ceramic tile failure. [15] conducted a study to investigate how moisture affects both the physical and 

mechanical characteristics of bamboo fiber/polyester composites. In their research, they first subjected the 

fabricated composite to an 8% sodium hydroxide (NaOH) treatment. Subsequently, they immersed the 

treated composite in water at a specific temperature to assess its water absorption capabilities. The study's 

findings indicated that the composite exhibited a lower surface area compared to its thickness. Notably, the 

research also revealed that the tensile strength of the composite remained relatively consistent across 

various weight fractions, with a minor increase of approximately 2% observed at room temperature. 

However, at higher temperatures (80°C), there was a notable reduction of 13.6% in tensile strength. [3] 

developed a laminated composite using woven bamboo, woven E-glass, and unsaturated polyester to assess 

its resistance to ballistic impact and the influence of bamboo arrangement on improving ballistic resistance. 

The composite was crafted using a hand-lay method and subjected to ballistic shooting tests. The results 

indicated that the composite demonstrated a resistance level of 482.5 m/s ± 5 against bullets. Additionally, 

the bamboo fibers displayed exceptional impact resistance compared to E-glass fibers, showing minimal 

fiber pullout when subjected to multiple shots. [16] investigated the reduction in the ballistic impact energy 

of polyester composites reinforced with fique fiber and fabric. The composite was prepared by cutting fique 

fiber into 150mm lengths, while the fabric was cut into pieces measuring 120x150 mm. These components 

were then placed into a steel mold with polyester resin, subjected to pressure, and allowed to cure at room 

temperature. The resulting composite was tested for ballistic impact at weight fractions of 10%, 20%, and 

30%. The study revealed that the composite with 30 vol.% fique fiber and fabric exhibited high energy 

absorption after impact. Notably, the composite with a 10% weight fraction demonstrated excellent impact 
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energy performance, ranging from 150 to 160J. [17] evaluated the performance of bulletproof vests made 

from hollow glass microsphere and carbon fiber/epoxy composites with varying thicknesses to ensure they 

could retain the impact energy of projectiles below 170 Joules. Simulation using Ansys was employed to 

optimize vest thickness. The study concluded that bulletproof vests with thicknesses of 5mm, 10mm, 15mm 

and 20mm were safe for use according to the National Institute of Justice (NIJ) standard. [13] conducted 

an evaluation of the mechanical properties, water absorption behavior, and surface morphology of bamboo 

fiber-high-density polyethylene (HDPE) composites subjected to alkaline treatment. The bamboo fiber, 

extracted manually from the culm through beating, underwent an alkaline treatment with 0.5M sodium 

hydroxide (NaOH). The composites were produced using a compression molding technique at varying 

weight fractions of bamboo fiber (ranging from 2wt% to 10wt%) with HDPE. The study revealed that 

composites with 2wt% and 4wt% bamboo fiber exhibited favorable mechanical properties, while water 

absorption increased with higher fiber loading. Microstructural observations indicated a homogeneous 

dispersion of treated bamboo fiber at lower weight fractions, with agglomeration observed at higher fiber 

loading levels. [18] explored the mechanical and thermal properties of composites composed of polyester 

resin and bamboo fiber, enhanced with alkaline treatment to improve adhesion. The bamboo fiber was 

integrated into the composite using a hand lay-up method. The study demonstrated enhancements in 

Young's modulus, flexural strength, and impact strength of the composite. Additionally, there was a notable 

reduction in water absorption, and the composite containing 30% euphorbia coagulum exhibited thermal 

stability up to 30% during thermogravimetric and differential scanning calorimetry analyses. [19] assessed 

the impact resistance of composites reinforced with natural fibers (pineapple leaf fiber, PALF) and 

conventional materials (aramid and Ultra-High-Molecular-Weight Polyethylene, UHMWPE) when used in 

hard armor applications. PALF and epoxy were thoroughly mixed and aligned, and the resulting mixture 

was placed in a mold for uniform dispersion. The mold was then closed under a pressure of 5MPa and 

allowed to cure for 24 hours. The composite was subsequently subjected to high-impact testing using 7.62 

caliber rifle ammunition. The study revealed that composites comprised of PALF/epoxy, aramid, and 

UHMWPE backing a front ceramic plate exhibited zero penetration. These findings indicated that 

PALF/epoxy composites met the necessary specifications outlined by the National Institute of Justice for 

personal protection, making them a widely accepted material for hard armor production. 

3 MATERIALS AND METHOD 

3.1 Materials 

The following materials were used for the study; Unsaturated polyester, Bamboo fiber, 

Methylethylketoperoxide (MEKP), Cobalt naphthalate, Sodium hydroxide, distilled water, flexible foam, 

PVC leather, Vista aerosol spray, gum, Aluminium metal sheet, Polymethymethacrylate (PMMA).  

3.2 Equipment 

 The equipment used in this research work are shown in Table 1. 

Table 1. List of Equipment Used 

S/N Equipment Manufacturer’s Name Model no 

1 Electronic Universal Testing Machine Hounsfield Monsanto Ltd WDW 1000KN,190536 

2 

3-Point Bending Universal Material 

Testing machine Norwood Instrument Ltd Cat. Nr. 261 

3 Charpy Impact Testing Machine Norwood Instrument Ltd 412-07-15269C 

4 Vicker Micro Hardness Tester FINLAB Equipment Ltd MV1-PC  07/2012-1329 

5 Scanning Electron Microscopy (SEM) Phenomworld, Netherlands 800-07334 

6 Dynamic Mechanical Analysis NETZSCH DMA242e 

7 X-ray Fluoresecence Zealchon EXF 9600 
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3.3 Methods 

3.3.1 Extraction of Bamboo fiber 

Bamboo fibers were obtained from bamboo culms. Initially, the raw bamboo fibers were immersed 

in water for approximately one hour and then subjected to a beating process to release the loosely held 

fibers. Subsequently, these extracted fibers were taken to a shredding machine, where they were 

transformed into shorter fiber lengths. To enhance their quality, these fibers were soaked in a solution 

consisting of 0.5 moles of sodium hydroxide (NaOH) and 1.0 liter of distilled water for a duration of one 

hour. This soaking process was employed to eliminate surface impurities, modify the surface structure, and 

enhance the adhesion of the fibers to the matrix material [13]. Some of the various processes and products 

are captured below in plates 1 and 2. 

 
Plate 1. Shredding of the Untreated Bamboo Fiber 

 
Plate 2. Alkaline Retting of Bamboo fiber 

3.3.2 Formulation and Production of Composite 

The determination of the matrix quantity required to fill the mold at various volume fractions of 

bamboo fibers was based on the calculation of fiber weight fractions. This calculation was carried out using 

equation 1 as presented in the referenced study by [13], and the results were organized and displayed in 

Table 2 for reference. 

wf = 
𝜌𝑓×𝑤𝑡%

𝜌𝑓+(𝜌𝑓−𝜌𝑚)𝑤𝑡%
                                                                                                                                     (1) 

where; wf = weight fraction of fiber in grams used to determine the amount of polyester that will fill the 

mold at different volume fraction of bamboo fiber using the density of polyester and bamboo fiber.  𝜌𝑓 = 

density of bamboo fiber,  𝜌𝑚 = density of matrix (unsaturated polyester),  wt % =
weight percent of bamboo fiber, mp =mass of polyester that will fill the mold, Weight of Polyester (Wp) 

= mp – (mp × wf). 
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Table 2. Formulation of Composite Samples 

Sample wt.% (Bamboo fiber) mp × wf (g) Wp (g) 

A 10 9.9 140.1 

B 20 19.5 130.5 

C 30 28.5 121.5 

D 40 36 114 

E 50 43.5 106.5 

F 60 51 99 

G 70 58.5 91.5 

 

To prepare the composite samples, 140.10 grams of polyester resin and 10 grams of bamboo fiber 

were combined with 2% of MEKP and 1% of Cobalt Naphthalate, serving as a catalyst to accelerate the 

curing reaction of the polyester resin. This mixture was then poured into a mixing vessel and thoroughly 

blended using a mechanical stirrer until a uniform and homogeneous mixture was achieved. Subsequently, 

the blended mixture was transferred into a prepared glass mold with dimensions measuring 18mm x 18mm 

x 3mm and allowed to cure at room temperature. Similarly, for another set of samples, 130.50 grams of 

polyester resin and 20 grams of bamboo fiber were mixed with MEKP and Cobalt Naphthalate in a 2:1 

ratio. The stirring process continued until homogeneity was achieved, and this mixture was also placed in 

the mold for curing. This procedure was replicated for all other samples, each with varying fiber content as 

specified in Table 3, and appropriately labeled. Subsequently, the specimens were cut for further 

characterizations. The final composite products are displayed in Plate 3. 

 
Plate 3. Developed Bamboo Fiber-Polyester Composite 

3.4 Experimentation 

The following mechanical tests were carried out: 

i. Tensile Test: The experiments were conducted using the Hounsfield Monsanto Tensometer, 

following the ASTM D3039 standard procedure. In this testing method, dumbbell-shaped 

samples with dimensions of 150mm by 10mm by 3mm were utilized. Two precise marks were 

made on each sample at specific intervals to establish the gauge length. These marked samples 

were securely mounted onto the tensometer. 

To perform the test, the ends of the test specimen were securely held between the tension head 

and the operating screw of the tensometer. Gradual loading was applied by turning the 

operating handle. As the handle was turned, the load steadily increased at the middle span of 

the specimen until it eventually fractured. Throughout the test, readings were continuously 

recorded to capture the relevant data and outcomes. 

ii. Flexural Test: The objective of the test was to determine the flexural strength and flexural modulus 

of the composite material. To achieve this, flexural testing was conducted following the 

standard procedures outlined in ASTM D 790-10. 

In this test, specimens sized at 100 mm x 25 mm x 3 mm were positioned horizontally on a 

support span with a gauge length of 80 mm. A controlled and steady load was applied to the 
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center of the specimen by a loading nose, resulting in a three-point bending configuration. This 

loading continued until the specimen failed. 

Throughout the test, the maximum load (in Newtons) and the corresponding deflection (in 

millimeters) observed at the point of specimen failure were recorded. The determination of 

flexural strength and flexural modulus was carried out using equations 2 and 3 [20]. 

Flexural Strength = 
3𝐹𝐿

2𝑏𝑑2
  (MPa)       (2) 

Flexural Modulus = 
𝐹𝐿3

4𝑏𝑑2𝐷
 (MPa)       (3) 

 Where;  F = Maximum Load at break, L= distance between the support spans at both edge of the 

specimen, b = Sample width, d = Sample thickness, D= Deflection. 

iii. Impact Test: Impact tests were conducted in compliance with the international standard ISO 

179. Specimens, sized at 64 mm x 12.7 mm x 3 mm, were prepared for testing. A 45-degree 

notch was carefully introduced at the midpoint of each test specimen from all the composite 

samples under investigation. The determination of impact strength was carried out utilizing an 

Izod Impact Testing machine. 

The impact strength of the test specimens was measured and documented. The calculation of 

average impact strength was performed using the following equation: Average Impact Strength 

= (1st Impact Strength + 2nd Impact Strength + 3rd Impact Strength) / 3 

This calculation provided a representative value for the impact strength based on the three 

individual measurements. 

iv. Micro-Hardness: Vickers micro-hardness tests were carried out on three sectional surfaces of 

each test specimen of dimension 30mm x 30mm x 5mm, in order to determine the level of 

strain initiation and the composite hardness. The average hardness values were recorded. 

v. Water absorption: The composite samples were weighed prior to immersion in distilled water 

which served as the initial weight (W1), and then immersed in distilled water (W2) for each of 

the samples for period of 14days at 2days interval and taken out to determine the percentage 

water absorption of the blends using the equation 4 below; 

% Water Absorbed = 
𝑊2−𝑊1  

𝑊1
 𝑥 100                                                                                                   (4) 

vi. Density: The densities of the specimens were obtained using the relationship below in 

equation 5 

𝜌 =
𝑚

𝑣
                                                                                                                                                       (5) 

Where; ρ = density (g/cm3); m = mass of the specimen in grams; v = volume of the specimen 

in cm3. The volume was constant for all specimens were obtained from the relationship below in 

equation 6. 

V = 𝐿𝑏𝑡                                                                                                                                                             (6) 

where V = volume of the specimen in cm3; L = length of the specimen in cm; b = breadth of the 

specimen in cm; t = thickness of the specimen in cm. 

viii. Thermal Characterization: The thermal characterization of the developed composite was 

carried out using Dynamic Mechanical Analyzer (DMA) so as to determine the viscoelastic 

properties of the material. The samples were cut into 55mm by 12mm by 3mm and taken to the 

furnace part of the machine. A sinusoidal deformation was applied to the samples of known 

geometry at a controlled stress or a strain which caused it to deform producing various graphs 

of the viscoelastic properties. The two samples used, D1 and D2 shared the same fraction ratio 
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(40% fiber and 60% polyester), however, the analysis was carried out by varying temperatures 

and frequencies. 

ix. Scanning Electron Microscopy: A piece of cross section of the sample weighing 0.5g was cut 

and mounted on the sample holder. The sample holder was carefully inserted beneath the 

magnification screen of the machine and the chamber was closed. The microscopic features 

of the sample were viewed and a particular area of the microscopic feature was magnified 

under electron microscopy at different magnifications until a clear electron feature of the 

sample was viewed and recorded accordingly. 

3.5 Mold Fabrication and Finishing Operation  

The dimensions of the composite protective shield were assumed to be identical to those of a 

protective shield made from polycarbonate material. To fabricate the protective shield, the hand layup 

technique using a metal mold was employed. The composition consists of 40% bamboo fiber and 60% 

polyester resin (referred to as sample D). The polyester matrix was mixed with Methylethylketoperoxide 

(MEKP) and Cobalt Naphthalate in a 2:1 ratio, with continuous stirring. This mixture was then combined 

with bamboo fibers and thoroughly stirred to achieve a homogeneous blend. The resulting mixture was 

poured into the mold and allowed to evenly spread throughout, curing for 24 hours. Afterward, the shield 

was removed from the mold, resulting in a final dimension of 640mm by 450mm and a thickness of 2mm. 

Upon completing the mold fabrication and production process, finishing operations were carried out on the 

composite protective shield. A 3mm flexible upholstery foam was affixed to the inner surface of the 

composite shield using rubber-based adhesive. This inner foam layer was then covered with a 1mm thick 

polyvinyl chloride (PVC) sheet, also secured with rubber-based adhesive. For the outer surfaces, a coating 

of Vistal aerosol spray paint was applied, while a 3mm thick transparent screen made of polymethyl 

methacrylate (PMMA) was utilized. 

4 RESULTS AND DISCUSSION 

4.1 Results 

4.1.1 Results of Density Test 

The result of the density test obtained is indicated in Table 3 below; 

Table 3. Summary of Density tests for the developed composite 

Sample Density (g/cm3) 

A 153 
B 154 
C 156 
D 158 
E 162 
F 164 
G 167 

 

4.1.2 Results of Water Absorption Test 

The results obtained during the water absorption test are indicated in Table 4 below; 
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Table 4. Summary of the Water Absorption Property of the Developed Composite 

Sample 
Dry Weight 

(g) (w1) 

Final Weight 

(g)(w2) 

Change in 

Weight (g) 

% Equilibrium Water 

Absorption 

A 5.12 5.126 0.006 0.12 

B 4.986 4.996 0.01 0.2 

C 5.012 5.024 0.012 0.24 

D 4.863 4.876 0.013 0.27 

E 4.812 4.831 0.019 0.39 

F 4.824 4.849 0.025 0.52 

G 4.988 5.02 0.032 0.64 

 

4.1.3 Results of the Mechanical Properties of the Developed Composite 

The results obtained from the various experiments conducted for tensile strength, flexural strength, 

impact strength and the hardness properties for all samples (A-G) are displayed in Tables 5 and 6 below; 

Table 5. Detailed Results for the Mechanical Properties of the Developed Composites 

Sample Specimen 

Tensile 

Strength (Mpa) 

Flexural 

Strength (Mpa) 

Flexural 

Modulus (Mpa) 

Impact Strength 

(KJ/m2) 

Hardness 

Value (HV) 

A A1 41.2 72.09 3010 42.2 54.1 

 A2 44.7 73.03 3014 42.08 53.7 

 A3 45.5 75.08 3012 42.32 53.6 

B B1 53.2 104.12 3530 52.4 63.3 

 B2 54.6 105.03 3540 52.35 61.5 

 B3 55.4 107.05 3520 52.75 61.5 

C C1 60.6 124.48 4500 62.6 71.5 

 C2 61.8 124.5 4450 62.58 68.6 

 C3 62.4 123.62 4520 63.82 69.1 

D D1 67.82 145.38 4700 68.62 75.14 

 D2 68.75 145.3 4800 69.13 75.86 

 D3 69.23 146.72 4900 69.25 74.3 

E E1 64.25 106.82 4300 64.75 69.2 

 E2 65.6 107.32 4200 65.25 68.5 

 E3 66.35 108.6 4400 65 69.6 

F F1 40.26 106.23 3875 54.23 64.01 

 F2 40.32 106.13 3905 55.57 63.2 

 F3 40.5 106.24 3920 55.2 65.6 

G G1 24.74 36 2700 41 52.3 

 G2 25.72 37 2770 43 53.9 

  G3 25.86 36 2750 42 53.73 
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Table 6. Summary of Result for the Mechanical Properties of the Developed Composites and the standard 

value range with polycarbonate protective shield [21]. 

Sample 

 

Tensile 

Strength 

(MPa) 

Flexural 

Strength (MPa) 

Flexural 

Modulus 

(MPa) 

Impact 

Strength 

(KJ/m2) 

Hardness 

Value (HV) 

A 43.80 73.40 3012 42.20 53.80 

B 54.40 105.40 3530 52.50 62.10 

C 61.60 124.20 4490 63.00 69.73 

D 68.60 145.80 4800 69.00 75.10 

E 65.40 107.40 4300 65.00 69.10 

F 40.36 106.20 3900 55.00 64.27 

G 25.44 36.00 2740 42.00 53.31 

Standard value range   39.00 - 70.00 36.00 – 103.00 971-3100 60.00 - 75.00 70.00 – 75.00 

4.1.4 Thermal Properties of Bamboo Fiber/Polyester Composite 

Thermal Analysis was carried out using Dynamic Mechanical Analysis (DMA) and the results are 

shown in Figures 1 through 12. 

 
Figure 1. A 3 D DMA traces at the intial start of the experiment for Sample D1 (40wt% of Bamboo fiber 

and 60 wt% of Polyester) 

 
Figure 2. DMA trace of Static Length (dL) against Temperature for Sample D1 (40wt% of Bamboo fiber 

and 60 wt% of Polyester) 
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Figure 3. DMA trace for Loss factor (tan δ) against Temperature for Sample D1 (40wt% of Bamboo fiber 

and 60 wt% of Polyester) 

 
Figure 4. DMA trace for the Loss Modulus (Eʺ), against Temperature for Sample D1 (40wt% of Bamboo 

fiber and 60 wt% of Polyester) 

 

Figure 5. DMA trace for the Storage Modulus (E’), against Temperature for Sample D1 (40wt% of 

Bamboo fiber and 60 wt% of Polyester) 
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Figure 6. DMA traces of Sample D1 40wt% Bamboo fiber/ 60wt% Polyester Composite Showing a 

combination of E΄, Eʺ, tan δ and dL against Temperature 

 
Figure 7. A 3D DMA traces at the intial start of the experiment for Sample D2 (40wt% of Bamboo fiber 

and 60 wt% of Polyester) 

 

 

Figure 8. DMA trace for the Static Length (dL) against Temperature for Sample D2 (40wt% of Bamboo 

fiber and 60 wt% of Polyester) 
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Figure 9. DMA trace for the Storage Modulus (E’) against Temperature for Sample D2 (40wt% of Bamboo 

fiber and 60 wt% of Polyester) 

 
Figure 10. DMA trace for the Loss Modulus (E”) against Temperature for Sample D2 (40wt% of Bamboo 

fiber and 60 wt% of Polyester) 

 
Figure 11. DMA trace for the Loss factor (tan δ) against Temperature for Sample D2 (40wt% of Bamboo 

fiber and 60 wt% of Polyester) 

 
Figure 12. DMA traces of Sample D2 Bamboo 40wt % fiber/ 60wt% Polyester Composite E΄, Eʺ, tan δ 

and dL against Temperature 

4.1.5 X-Ray Fluorescence (XRF) 

Chemical analysis of Bamboo fiber was carried out using X-Ray Fluorescence (XRF) with the 

result shown in Table 7 below; 
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Table 7. Elemental Composition of Treated Bamboo Fibers 

Elemental Composition Treated Bamboo Fiber (%) 

Fe 38.09 

Pb 18.62 

Ni 17.42 

Cu 8.47 

Zn 7.41 

Cd 6.94 

Ag 1.57 

Ru 1.47 

4.1.6 SEM Result 

SEM micrograph at different magnifications of bamboo fiber/polyester composite of Sample D 

comprising of 60wt% of Polyester and 40wt % of Bamboo fiber are shown in Plates 4 through 7 below; 

 
Plate 4. SEM Micrograph at X300 

 

Plate 5.  SEM Micrograph at X330 
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Plate 6. SEM Micrograph at X1000 

 

Plate 7. SEM Micrograph at X1500 

4.2 DISCUSSIONS 

4.2.1 Density Property of the Developed Composite 

The results shown in Table 3 and illustrated in Figure 13 showed that the density increased with 

increased fiber loading. The minimum value of density at 10wt% of bamboo fiber was found to be 

153g/cm3, the maximum value occurred at 70wt% of bamboo fiber with 167g/cm3 while at 40wt% of 

bamboo fiber, the value was 158g/cm3. Increase in density with corresponding increase in fiber loading is 

expected due to the increased weight of fiber addition. The result obtained is in agreement with findings 

made by [22]. 

 
Figure 13. Variation of Density with weight percentage of Bamboo fiber 

4.2.2 Water Absorption Property of Bamboo Fiber-Polyester Composite 

From the results shown in Table 4 and illustrated in Figure 14, it was observed that the water 

absorptivity increased with increased fiber loading. The minimum of percentage water absorptivity at 
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10wt% of bamboo fiber was found to be 0.12%, the maximum value occurred at 70wt% of bamboo fiber at 

0.64% while at 40wt% of bamboo fiber, the value was 0.27% of percentage water absorption. Increase in 

water absorptivity was observed with corresponding increase in fiber loading due to the hydrophilic nature 

of the fiber which causes swelling of the fiber at equilibrium. This swelling leads to cracks in the composite 

allowing the diffusion of water into the composite. This result is in agreement with findings made by [13]. 

 
Figure 14. Variation of Equilibrium % Water Absorption with varying weight percentage of Bamboo fiber 

4.3 Discussion of Results of the Mechanical Properties of the Developed Composite 

4.3.1 Hardness Properties of Developed Composite 

Figure 15 is a graph showing the variation of the hardness value against weight percent of bamboo 

fiber. The graph showed an increase in the hardness values up to 40wt % of bamboo fiber and there after 

decreased as the bamboo fiber increased. The optimum value of hardness was 75.10HV. At high fiber 

loading there was reduction in the hardness value due to build off of stress and fiber agglomeration. This 

result is similar to the result obtained from previous works investigated by [13, 23]. 

 
Figure 15. Variation of Hardness with wt% of Bamboo Fiber 

4.3.2 Flexural Strength Properties of Developed Composite  

Figure 16 shows the variation of the flexural strength with varying weight fraction of Bamboo fiber. 

It was observed that the flexural strength increased at low weight fraction of bamboo fiber due to high 

interfacial adhesion between the fiber and the matrix which was as a result of chemical treatment of the 

fiber which increased the bonding and the strength of the composite while 10wt% and 70 wt% had a 

minimum flexural strength of 73.4Mpa and 36Mpa. There was a gradual decrease in the flexural strength 

at 50wt% - 70wt% fiber loading which could be due to inhomogeneity of stress transfer between the fiber 

and the matrix which are in congruent with findings made by [13]. Sample D showed an optimum value of 

145.80 MPa. 
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Figure 16. Variation of the Flexural Strength with varying Fiber Loading 

4.3.3 Flexural Modulus of Developed Composite 

From the graph in Figure 17, it was observed that 70wt% of fiber loading had the minimum flexural 

modulus of 2740MPa while 40wt% had a maximum value of Flexural modulus of 4800MPa. However, 

there was a linear decrease in the flexural modulus from 50wt% to 70wt% which might be due to low cross-

linking density and agglomeration at high weight fraction of Bamboo fiber. These results are similar to 

findings reported by [13] on bamboo fiber and polyester composite. 

 
Figure 17. Variation of the Flexural Modulus with varying Fiber Loading 

4.3.4 Tensile Strength Properties of Developed Composite 

The graph in Figure 18 showed that the tensile strength increased with a corresponding increase in 

the fiber loading up to 40wt% of Bamboo fiber, after which it reduced at high weight fraction of bamboo 

fiber because tensile strength depends on the fiber orientation and the fiber to matrix adhesion. Sample D 

(40wt% of bamboo fiber and 60wt% polyester) had the optimum tensile strength of 68.60Mpa. At high fiber 

loading there is high tendency for agglomeration to take place which prevents the even transfer of stress or 

load between the matrix and the bamboo fiber. The trend observed were similar to findings made by [24, 

25, 26]. 
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Figure 18. Variation of the Tensile Strength with varying weight fraction of Bamboo fiber 

4.3.5 Impact Strength Properties of Developed Composite 

From the graph in Figure 19, it is shown that there was an increase in the impact strength of the 

composite from 10wt% to 40wt% of bamboo fiber with a value of 42.20KJ/m2 to 69KJ/m2 which might be 

due to high fiber to matrix adhesion and the composite absorbing more strain energy. However, the impact 

strength decreased at high weight fraction of bamboo fiber which might be due to agglomeration, micro 

spacing between the fiber and the matrix leading to crack initiation and propagation during impact. Sample 

D produced the highest value of impact strength at 69KJ/m2 at 40wt% fiber loading. These postulations 

were congruent to findings made by [13]. 

 
Figure 19. Variation of the Impact Strength with varying weight fraction of Bamboo fiber 

4.3.6 Thermal Properties of Bamboo Fiber/Polyester Composite 

Thermal Analysis results are displayed in Figures 1 through 12. From Figures 5 and 9, it was 

observed that the storage modulus (E’) decreased with temperature. The decrease in the Storage modulus 

at high temperature is due to the molecular mobility of the polymer chains above Tg. This postulation was 

in agreement with the research findings by [27, 28]. Figures 4 and 10 showed the DMA traces of the Loss 

Modulus (Eʺ) against temperature for Sample D1 (40wt% of Bamboo fiber and 60 wt% of Polyester) and 

Sample D2 (40wt% of Bamboo fiber and 60wt% of Polyester) having a loss modulus (Eʺ) of 151MPa at 

49.8ºC (peak) and 151.1Mpa at 58.1ºC (peak) respectively.  It was observed that the peak tended to be broad 

which might be due to impediment in the relaxation process within the composite. It was also observed that 

loss modulus increased at low temperature and eventually dropped at a higher temperature which could be 

attributed to free movement of polymer chains enabling the transfer of energy within the composite. Figures 

3 and 11 showed DMA traces of loss factor (tan δ) against temperature for samples D1 (40wt% bamboo 

fiber and 60wt% of polyester) and D2 (40wt% bamboo fiber and 60wt% of polyester) having 40% bamboo 

fiber and 60% of polyester. Samples D1 and D2 had a loss factor of 0.327 at 113.4 ºC (peak) and 0.319 at 

115.6 ºC(peak) respectively. There was an increase in the glass transition temperature, Tg, on the Tan δ curve 
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by 2.2ºC signifying 1.94 % increase which could be due to fiber composition, fiber orientation in the matrix 

which increases the stiffness property of the material. It was also observed that the loss factor increased 

with increase in temperature up to a peak which showed there was a decrease in the mobility of the polymer 

chains with the addition of bamboo fibers within the composite. Figures 2 and 8 showed the DMA trace of 

Static Length (dL) against Temperature for sample D1 and Sample D2 having a composition of 40wt% 

bamboo fiber and 60wt% of polyester respectively. They had a static length of -94 µm at 103.1 ºC and 109.6 

ºC is -289.0µm. Figures 2 and 3 showed that the static length continued to reduce until it got to 103.1ºC 

and 109.6ºC for samples D1 and D2 and the composite began to melt at that temperature which caused a loss 

in its mechanical properties. 

4.4 Chemical Analysis 

From the results displayed in Table 8 for the elemental composition of treated bamboo fiber. It was 

observed that there was a decrease in the percentage composition which could be attributed to the storage 

method of the bamboo before fiber extraction, soaking time of the fiber and the rate of percolation of the 

minerals into water which has similar findings to the research work carried out by [29]. The alkaline 

treatment of the bamboo fiber removed the hemicellulose and the pectin content of the bamboo fiber which 

increased the surface structure, the matrix to fiber adhesion of the composite and also improved the 

mechanical properties of the composite. 

4.5 SEM 

Plates 4 through 7 showed the SEM micrographs at different magnifications of bamboo 

fiber/polyester composite of Sample D comprising of 60wt% of Polyester and 40wt % of Bamboo fiber. 

The white portion represents the polyester resin while the Bamboo fibers represent the black portion. The 

Plates showed porosity or micro voids which reduced as the magnification increased which could be as a 

result of presence of air trapped in the composite during the casting process and evolution of gases taken 

place during the cross-linking process. The prototype protective shield produced is shown in Plate 8 below; 

 
Plate 8. Prototype of Protective Shield (640mm by 450mm) 

5 CONCLUSIONS 

The objective of this study was to create a composite material using bamboo fiber and polyester for 

protective shields. Seven different samples were made with varying bamboo fiber percentages to find the 

best one based on mechanical properties, thermal characteristics, and morphology. After comprehensive 

experiments, the study concluded that treating bamboo fiber with NaOH and the specific formulation used 

for the composite significantly improved its overall characteristics. Sample 'D' had the highest flexural 

strength at 145.8 MPa, while Sample 'G' had the lowest at 36 MPa. Sample 'D' also showed the best flexural 

modulus at 4800 MPa, whereas Sample 'G' had the lowest at 2740 MPa. In tensile strength, Sample 'D' 

excelled with 68.60 MPa, while Sample 'G' had the lowest at 25.44 MPa. Sample 'D' also had the highest 

impact strength at 69 KJ/m2, while Sample 'G' had the lowest at 42 KJ/m2. For hardness, Sample 'D' had 



Nigerian Journal of Engineering Science and Technology Research, Vol. 9, No. 2, 2023(222-242) 

240 
 
 

the highest value at 75.10 HV, and Sample 'G' had the lowest at 53.31 HV. These results suggested that 

lower bamboo fiber percentages improved mechanical properties due to better bonding. Density and water 

absorption showed that Sample 'A' had the lowest density at 153 g/cm3, while Sample 'G' had the highest 

at 167 g/cm3. Sample 'G' absorbed the most water at 0.64%, while Sample 'A' absorbed the least at 0.12%. 

Dynamic mechanical analysis of Sample 'D' indicated a high glass transition temperature (Tg) of 113.4ºC 

and 115.6ºC. Morphological analysis revealed that Sample 'D' showed delamination and micro voids at 

various magnifications. Sample 'D' was chosen as the ideal candidate for protective shield fabrication due 

to its exceptional mechanical properties. In summary, this study highlights the potential of bamboo fiber-

polyester composites for protective shields, with Sample 'D' surpassing benchmarks in multiple tests, 

offering improved properties for shield manufacturing. 

REFERENCES 

1. Ndubuisi-Okolo, P.U. and Theresa, A. (2019). Insecurity in Nigeria: The Implications for 

Industrialization and Sustainable Development. International Journal of Research in Business 

Studies and Management, vol. 6, no. 5, pp. 7-16. 

2. Ndubuisi-Okolo, P. U. and Anekwe, R.I. (2018). Strategies for Achieving Sustainable Development 

in Nigeria -The Nexus. International Journal of Academic Research in Business and Social 

Sciences, vol. 8, no. 6, pp. 168-180. 

3. Ali, A., Rabiatun, A., Kannan, R., Wei, K.N., Faiz, A., Faiz, O., Muhammad, S.H, Faidzi, M.K, 

Abdullah, M.F. and Megat, M.H.A. (2018). Ballistic impact properties of woven bamboo- woven 

E-glass unsaturated polyester hybrid composites. Defense Technology, pp 1-13. 

4. Wang, L., Kanesalingam, S., Nayak, R. and Padhye, R. (2014). Recent Trends in Ballistic 

Protection School of Fashion and Textiles. RMIT University, Australia Science and Engineering 

Publishing Company Textiles and Light Industrial Science and Technology, vol. 3, pp. 37-47. 

5. Geary, R. (2018). Policing Industrial Dispute. Cambridge University Press, pp. 109-143. 

6. Suddell, B.C. and Evans, W.J. (2003). The increasing use and application of natural fiber composite 

materials within the automotive industry. Proc. 7th International Conference on Wood fiber. Plastic 

fiber composite, forest production, Madison, vol. 1, no. 3, pp. 4-11. 

7. Campbell, F.C (2010). Structural Composite Materials. ASM International Introduction to 

Composite Materials, pp. 1-30. 

8. Manickavasagam, V.M., Vijaya, B. and Ramnath, E.C. (2015). A Review on Natural and Bamboo 

Fiber Composites. International Journal of Advanced Research in Science, Engineering and 

Technology, vol. 2, pp. 1076-1080. 

9. Honey, B., Singh, V.K. and Sushil, K.C. (2015). Fabrication and study of mechanical properties of 

bamboo fiber Reinforced bio-composites. Innovative Systems Design and Engineering, vol. 6, pp. 

84-98. 

10. Thwe, M.M. and Liao, K. (2003). Durability of bamboo-glass fiber reinforced polymer matrix 

hybrid composites. Composites Science and Technology, vol. 63, pp. 375-387. 

11. Indah, W.M., Solikhun, D.N.C., Yuniar, R.P. and Heri, J. (2018). Treatment of Bamboo Fibers in 

Improving Mechanical Performance of Polymer Composites, pp. 1-7. 

12. Oladele, I.O., Daramola, O.O. and Fasooto, S. (2014). Effect of Chemical Treatment on the 

Mechanical Properties of Sisal Fiber Reinforced Polyester Composites. Leonardo Electronic 

Journal of Practices and Technologies, vol. 24, pp. 1-12. 



Nigerian Journal of Engineering Science and Technology Research, Vol. 9, No. 2, 2023(222-242) 

241 
 
 

13. Daramola, O.O., Akinwekomi, A.D., Adediran, A.A., Akindote-White, O. and Sadiku, E.R. (2019). 

Mechanical performance and water uptake behaviour of treated bamboo fiber-reinforced high-

density polyethylene composites. Heliyon, vol. 5, pp. 1-6. 

14. Batista da Cruza, R., Lima Junior, E.P., Monteiroa, S.N. and Louroa, L.H.L. (2015). Giant Bamboo 

Fiber Reinforced Epoxy Composite in Multilayered Ballistic Armor. Materials Research, 

Department of Materials Science, Military Institute of Engineering – IME, vol. 18, Suppl. 2, pp. 

70-75. 

15. Azwa, Z.N. and Yousif, B.F. (2017). Physical and mechanical properties of bamboo fiber/polyester 

composites subjected to moisture and hygrothermal conditions. J. Materials. Design and 

Applications, pp. 1-15. 

16. Pereira, A.C., Salgado de Assisa, F., Fabio da Costa, G.F., Oliveiraa, M.S., Limaa, E.S., Loperab, 

H.A.C. and Monteiroa, S.N. (2019). Evaluation of the Projectile's loss of Energy in Polyester 

Composite Reinforced with Fique Fiber and Fabric. Materials Research, pp. 1-7. 

17. Pulungan, M.A. and Sutikno, S.M. (2019). Analysis of Bulletproof Vest Made from Fiber Carbon 

Composite and Hollow Glass Microsphere (HGM) in Absorbing Energy due to Projectile Impact. 

IOP Conf. Series: Materials Science and Engineering, pp. 1-9. 

18. Kumari, S., Kumar, R., Rai, B., Sirohi, S. and Kumar, G. (2020). Study on the modification of 

polyester resin bamboo fiber-based composite with euphorbia coagulum and their effect on 

mechanical and thermal properties. Journal of Composite Materials, pp. 1-8. 

19. Santos da Luz, F., Fabio da Costa, G.F., Oliveira, M.S., Nascimento, L.F.C. and Monteiro, S.N. 

(2020). Composites with Natural Fibers and Conventional Materials Applied in a Hard Armor. A 

Comparison Military Institute of Engineering—IME, Materials Science Program, Polymers, vol. 

12, pp. 1-13. 

20. Harish, B.A., Hanumesh, B.M., Siddesh, T.M. and Siddhalingesh, B.K. (2016). An Experimental 

Investigation on Partial Replacement of Cement by Glass Powder in Concrete. International 

Research Journal of Engineering and Technology, vol. 3, issue 10, pp. 12-21. 

21. Matweb, L.L.C. (2022). Materials Property Data, Overview of Polycarbonate Materials. Online 

Materials Information Resource - MatWeb , accessed on 12th December, 2022. 

22. Madugu, I.A., Abdulwahab, M. and Aigbodion, V.S. (2009). Effect of iron fillings on the properties 

and microstructure of cast fiber–polyester/iron filings particulate composite. Journal of Alloys and 

Compounds, vol. 476, pp. 807-811. 

23. Uzun, M., Saniake, E., Patel, I., Akalin, M. and Yuksek, M. (2011). Mechanical Behaviour of 

Chicken Quail and Chicken Feather Fibers Reinforced Polymeric Composites. Archives of Material 

Science and Engineering, vol. 52, pp. 82-86. 

24. Ren, W., Zhang, D., Wang, G. and Cheng, H. (2014). Mechanical and thermal properties of bamboo 

pulp fiber reinforced polyethylene composites. Bio-Resources, vol. 9, pp. 4117,4127. 

25. Mohanty, S. and Nyaka, S.K. (2010). Short bamboo fiber-reinforced HDPE composites: influence 

of fiber content and modification on strength of the composite. Journal of Reinforced Plastics and 

Composite, vol. 2, pp. 23-32. 

26. Manalo A.C., Wani E., Zukarnain E., Karunasena W., Lau, K.T. (2015). Effects of alkali treatment 

and elevated temperature on the mechanical properties of bamboo fiber/polyester composites. 

Composites, vol. 80, pp. 73-83. 

https://www.matweb.com/
https://www.matweb.com/


Nigerian Journal of Engineering Science and Technology Research, Vol. 9, No. 2, 2023(222-242) 

242 
 
 

27. Saba, N. and Jawaid, M. (2017). A review on dynamic mechanical properties of natural fiber 

reinforced polymer composites. Construction and Building Materials, vol. 106, pp. 149-159. 

28. Reddy, M.I. and Srinivasa, V.R. (2014). Dynamic Mechanical Analysis of Hemp Fiber Reinforced 

Polymer Matrix Composites. Mechanical Engineering College of Engineering and Technology 

Ongole. India International Journal of Engineering Research and Technology, vol. 3, issue 9, pp. 

1-6. 

29. Natasha, S., Kanchan, R., Madho, S.B. and Chongtham, N. (2017). Qualitative and Quantitative 

Mineral Element Variances in Shoots of two Edible Bamboo species after Processing and Storage 

Evaluated by Wavelength Dispersion X-ray Fluorescence Spectrometry. International Journal of 

Innovative Research in Science, Engineering and Technology, vol. 6, issue 5, pp. 8262-8270. 


