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Abstract— Due to their unique qualities such as formability, 

room temperature processing, and affordable nature, polymer 

matrix composites (PMCs) merit a key part in the new 

generation engineering materials. The primary goal of this 

project is to evaluate the mechanical behaviour (flexural and 

tensile) of unfilled and 5, 10 Wt. percent ammonium poly 

phosphate (APP) filled Jute/E-Glass hybrid composites made 

using an open mould technique. The presence of APP has a 

significant impact on the mechanical characteristics of 

Jute/E-Glass/Epoxy composites, according to the results of 

the studies. The addition of APP powder increased the void 

percentage and densities in a reasonable way, however the 

tensile strength decreased steadily. The characteristics of 

Jute/E-Glass reinforced with 5 wt. percent APP are superior, 

whereas the tensile modulus of CJute/E-Glass reinforced with 

10 wt. percent APP is better. To determine the best filler 

reinforcement %, APP, fibre topologies were compared to 

unreinforced composite laminates. For a better understanding 

of failure circumstances, SEM pictures of fragmented 

surfaces were collected. 
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I. INTRODUCTION 

Because of its unique qualities including strength to weight 

ratio, design flexibility, and formability, composites 

constructed with E-Glass and Jute fibre are particularly 

popular in many engineering industries such as commercial 

vehicle components, defence, and aerospace industries [1]. 

Due to its broader availability and room temperature 

production processes, Jute fibre fabric plays a significant role 

in the substitution of several traditional metal equivalents as 

a reinforcement unidirectional and bidirectional E-Glass [2]. 

Santhosh et al developed kevlar/E-Glass and basalt/E-Glass 

reinforced hybrid epoxy matrix composites and found that 

increasing the amount of basalt improves flexural behaviour 

while increasing the kevlar reinforcement increases impact 

energy absorption [3]. To investigate the impact and 

mechanical properties of epoxy composites with different 

filler percentages of Al2O3 and SiO2 nano particles (0.5 

percent, 1 percent, 1.5 percent, 2 percent, 2.5 percent, and 3 

percent), Nadia et al prepared epoxy composites with 

different filler percentages of Al2O3 and SiO2 (0.5 percent, 

1 percent, 1.5 percent, 2 percent, 2.5 percent, and 3 percent) 

nano particles [4]. They found that Al2O3/SiC addition 

lowers wear resistance. 

 Raju et al. produced alumina filled glass fibre epoxy 

composites with 0, 5, 7.5, and 10% wt. percent alumina to 

evaluate wear and mechanical characteristics, and found that 

adding up to 10% alumina enhances tensile modulus and wear 

resistance considerably. Wear resistance gradually decreases 

in more than 10% of the reinforcement [5]. Yusriah 

investigated the mechanical response of phenolic hollow 

microspheres (PHMS) and calcium carbonate (CC) filled (1 

percent, 3 percent, and 5 percent by weight) vinyl ester 

composites, concluding that the addition of CC and PHMS 

considerably enhances specific flexural and impact strengths 

[6]. Ali Reza added a multiwall carbon nanotube to a silicone 

elastomer and found that it improved the mechanical and 

flexural capabilities of the rubber matrix [7]. Senthil Kumar 

et al. investigated the fatigue and thermal conductance of 

epoxy matrix aluminium particle composites. The resulting 

composites had superior service temperature and 

mouldability, according to the researchers [8]. 

 Rout et al. created rice husk-filled hybrid multiphase 

epoxy composites to study mechanical, wear, and corrosion 

responses. They discovered that adding rice husk to hybrid 

composites enhances their mechanical and wear properties 

[9]. Santhosh tested the impact and flexural behaviour of 

hybrid Al reinforced GLARE composites. He claimed that up 

to 30% Al reinforcing increased flexural and impact 

resistance significantly [10]. The addition of nano aluminium 

particles or fillers to polymer matrix fibre hybrids 

significantly enhances hybrid composite mechanical, 

thermal, and chemical characteristics [11, 12, and 13]. Most 

researchers have experimented with various filler materials, 

including as ceramics, natural fillers, and metal particles, in 

various amounts. However, the use of hybrid Jute/E-Glass 

fibre epoxy composites to strengthen APP particles is 

becoming more popular. The tensile and flexural behaviour 

of a Jute/E-Glass hybrid configuration manufactured using 

compression moulding is investigated in this proposal. SEM 

was used to examine the microstructure of the broken surface 

(SEM). 

II. EXPERIMENTAL WORK 

A. Materials 

Most researchers have experimented with various filler 

materials, including as ceramics, natural fillers, and metal 

particles, in various amounts. However, the use of hybrid 

Jute/E-Glass fibre epoxy composites to strengthen APP 

particles is becoming more popular. The tensile and flexural 

behaviour of a Jute/E-Glass hybrid configuration 

manufactured using compression moulding is investigated in 

this proposal. SEM was used to examine the microstructure 

of the broken surface (SEM). 
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Fig. 1: (a) Jute Fabric, (b) E-Glass Fabric, (c) Ammonium 

poly phosphate (APP), (d) SEM Image of APP particles 

 Table 1 shows some specifics of the constituent 

reinforcement and filler materials (as specified by the 

supplier). Hindustan Composites (Maharashtra) provided the 

matrix materials, while CF Composites provided 

reinforcement and aluminium fillers (Mumbai). 

Property Jute E-Glass APP 

Tensile strength Gpa 4.4 3.9 47x10-3 

Elastic modules Gpa 110 105 80 

Poision’s ratio 0.2 0.22 0.33 

Table 1: Property of Filler and Reinforcements 

B. Composite Fabrication 

The suggested composites were made using an open 

compression moulding technique with varying filler ratios. 

Which is well-known for its exceptional quality and low-pore 

polymer processing at room temperature? The compression 

moulding setup is shown in Figure 2. 

 
Fig. 2: Compression Mould Setup 

 Throughout all hybrid arrangements, the epoxy 

polymer matrix is maintained at 30% by weight. 30 cm x 30 

cm x 6 mm composite laminates were created. The 

composition of various setups is shown in Table 2. 

Sample 

Code 
Composition 

HC1 
Epoxy (30 wt. %) + Jute (35 wt. %) + E-

Glass (35 wt. %) 

HC2 
Epoxy (30 wt. %) + Jute (35 wt. %) + E-

Glass (30 wt. %) + APP (5 wt. %) 

HC3 
Epoxy (30 wt. %) + Jute (30 wt. %) + E-

Glass (30 wt. %) + + APP (10 wt. %) 

Table 2: Compositions of Hybrid Composites 

C. Specimen Preparation and Testing 

Fabricated unfilled basalt/carbon and Al powder filed 

composite configurations were cured at room temperature 

under compression stress and produced as samples for tensile, 

flexural, and impact testing using the water jet machining 

technique, according to ASTM standards. Table 3 illustrates 

the dimensions of sample specimens prepared for various 

tests. To get precise data, three specimens from each 

configuration were produced. 

S. No Test Name Sample Dimension 

1 Density 30 mm× 12 mm× 6 mm 

2 Micro hardness 16 mm× 12 mm× 6 mm 

3 
Tensile strength  

(ASTM D3039-07) 
150 mm× 12 mm× 6 mm 

4 
Flexural test  

(ASTM D790-10) 
60 mm× 12 mm× 6 mm 

Table 3: Test Sample Dimensions 
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III. RESULTS AND DISCUSSIONS 

A. Density and Void Fraction 

Density is a primary consideration in most weight-sensitive 

engineering applications. The proportion of matrix and 

reinforcing components determines the density of the 

materials. There is always a mismatch between theoretical 

and real densities due to the presence of pores and spaces. The 

following equation was used to compute the theoretical 

density of the composites. 

 
Where, 

W – Weight fraction, ρ – Density, f – Fiber, m – Matrix.  

 Actual densities were also calculated via a standard 

water immersion test. Table 4 shows the differences in 

densities for several hybrid composites. 

Sample Code 

Measured 

Density 

(gm/cc) 

Theoretical 

Density 

(gm/cc) 

Volume 

Fraction 

of voids (%) 

HC1 1.7 1.79 1.23 

HC2 1.84 1.90 1.42 

HC3 1.91 2.03 1.65 

Table 4: Measured and Theoretical Densities of Composites 

with Void Fractions 

 Theoretical and actual densities for various hybrid 

composite compositions differed, as predicted. The presence 

of APP powder has an effect on the density of the composites, 

as shown in table 5. 

B. Micro-Hardness Test  

Hardness is defined as a material's capacity to resist 

deformation, scratching, or indentation. The Vickers 

hardness test is used to determine the hardness of the 

produced samples in this suggested study. Figure 3 depicts 

the micro hardness test results of several test samples. 

 
Fig. 3: Micro Hardness Test Results 

 When APP inclusion exceeds 10%, test results 

demonstrate that hardness progressively increases and then 

declines when aluminium powder is applied up to 5%. For 

optimal hardness, the APP filler should be maintained to less 

than 10% of the overall weight, according to the findings. 

C. Tensile Test 

Figures 4 and 5 demonstrate the tensile findings of E-

Glass/Jute hybrid constructions with and without APP filler. 

The presence of APP powder causes a steady decrease in 

tensile strength, according to the findings. 

 
Fig. 4 Tensile Strength of Hybrid Configurations 

 
Fig. 5 Tensile Modulus of Hybrid Configurations 

 The unfilled E-Glass/Jute laminates have a tensile 

strength of 410 MPa, which decreases to 385 MPa and 368 

MPa with a weight proportion of aluminium powder of 5% 

and 10%, respectively. The creation of stress concentration 

zones is noticed as a result of the average bonding between 

the filler and reinforcement. The tensile modulus of the 

produced composite samples is shown in Figure 5. The 

inclusion of APP filler enhances the moduli of the 

composites. The inclusion of ten percent filler enhances 

moduli by up to 30 percent, and ten percent filler improves 

moduli by up to 30 percent. The APP structure offers the best 

of both worlds. 

D. Flexural Test 

Because structural composites are prone to failure under 

bending loads, it is critical to develop composites with greater 

flexural strength for specific engineering applications. Figure 

6 depicts the flexural behaviour of produced hybrid 

composites as determined by a three-point bending flexural 

test. According to the findings of the experiments, the 5 wt.% 

APP powder filled configuration has a higher flexural 

strength than the 10 wt.% APP filler.  
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Fig. 6: Flexural Strength of Hybrid Configurations 

E. Scanning Electron Microscopy Analysis 

To improve electrical conductivity, samples with dimensions 

of 5 mm x 5 mm (cross section) were cut from tensile test 

broken surfaces and coated with gold. SEM analysis is 

performed using a TESCAN VEGA3 machine with a 

resolution of 5 nm. Figure 7 shows SEM pictures of a cross-

sectional surface at various magnification ratios. For a better 

understanding of the impact due to load, the matrix phase, 

dispersion phase, fillers, and pores are clearly highlighted. It 

demonstrates that a larger filler inclusion ratio can lead to 

inadequate matrix reinforcement bonding, increased 

deformation, reduced load bearing capability, and 

delamination. 

 

 

Fig. 7: SEM Images of Fractured Surface 

IV. CONCLUSION 

E-glass/jute reinforced epoxy matrix composites with various 

filler (APP) percentages were fabricated using a book press 

compression moulding process, and mechanical properties as 

well as microstructure analysis were performed to predict the 

behaviour of hybrid composite configurations in this 

proposed study. The following are the main conclusions 

drawn from the experimental findings. 

1) If the APP percentage is increased by more over 10%, 

the composites will have a greater rate of void fractions 

and pores. 

2) Composites with 5% wt. % APP have higher flexural and 

micro hardness. As more Al powder is added, the flexural 

and hardness qualities steadily deteriorate. 

3) As the weight percent of APP powder increases, the 

tensile strength decreases gradually. 

4) It is preferable to include 10% wt. % APP powder in 

order to achieve the best mechanical properties. 
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