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Abstract 

Due to the growing environmental awareness, more attention has been drawn to finding alternative fiber sources 

to curb deforestation and reduce the usage of synthetic fiber. In the current work, an attempt was made to hybrid 

bio-composites using the blended fibers of Luffa and Jute in different ratios. Eight different needle-punched 

nonwoven fabric samples were prepared with the variation of fiber blend ratios. Both the fibers were pre-treated 

with a 3% alkali concentration to enhance the bonding property with the resin. After this process, the polymer 

composites were produced using epoxy resin through the compression molding technique. The investigations, 

such as physical, mechanical, water absorption, dynamic mechanical (DMA), and acoustic properties of the 

composite material were analyzed systematically.  The mechanical and DMA properties were appreciable for 

composites with higher jute content, whereas acoustic properties were higher for composites with higher Luffa 

content. Based on the findings, the hybrid composites showed effective functional performance in load-bearing 

and acoustic applications. 

 

Keywords: Biomaterials, Luffa composites, Luffa fibers, Porous materials, Sound absorption, Transmission loss 

 

1  Introduction 

 

Due to environmental awareness, natural fiber 

development is essential, and its utilization has 

recently drawn more attention towards the material 

science sector [1], [2]. Moreover, natural fibers are 

relatively inexpensive, biodegradable, have higher 

mechanical loading resistance and thermal resistance, 

and are sustainable. Due to their fibrous structure and 

large total surface area, fiber-based nonwoven 

materials are perfect for applications requiring sound 

insulation and sound absorption [3], [4]. Many 

investigations have been done on natural fiber-based 

materials for acoustic applications. 

Lee and Joo studied the recycled polyester 

nonwovens as a sound absorber. The nonwoven 

absorber with the intermediate layer of nonoriented 

web exhibited a more significant noise absorption 

coefficient (NAC) than those with web structures that 

were oriented [5]. Kuncoro et al., combined Ceiba 

petandra fiber reinforced composite with metal-based 

fillers and snail powder to increase the thermal 

resistance of natural fiber composite. The fillers have 

significantly, they discovered. They found that the 

fillers have substantially improved the thermal 

properties of the composites [6]. Femiana et al., 

enhanced the tensile strength of the composite by 

155.72 Mpa when combining timoho fiber with iron 

powder interfaced through polyester resin composite. 

Additionally, thermal stability and flame resistance 

were also improved [7]. Andoko et al., fabricated a 

hybrid composite with Ceiba petandra fiber and 

carbon fiber to produce ideal mechanical performance   

[8]. Tascan and Vaughn investigated the effect of the 

fiber profile surface of needle-punched nonwoven 

fabric on the acoustic properties of the composite. It 
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was reported that the polyester fiber with octobal and 

trilobal cross sections has shown higher sound 

absorption capacity and fiber fineness, which also 

influences the acoustic properties of the material [3]. 

Kucuk and Korkaz investigated the influence of fiber 

blending on the acoustic properties of the nonwoven 

material. It was found that the cotton/PET blend with 

a 70%: 30% ratio has shown higher sound absorption 

properties than other combinations [9]. According to 

Zent et al., blended fiber-based nonwoven structures 

outperform single fiber-based nonwoven materials in 

terms of noise reduction [10]. Additionally, the 

nonwoven's internal pore structure plays a significant 

role in deciding the acoustic properties of the material, 

for example greater number of pores will result in a 

greater source absorption property [11]. The Luffa 

fibers, one of the novel vegetable fibers can be utilized 

in household appliances, automobiles, and architectural 

applications [12]. A lot of research has been done on the 

mechanical properties of Luffa fiber-based materials, 

and this research discusses the composite structures of 

Luffa blended with Jute fiber. More specifically, this 

discussion is about the mechanical and acoustic 

properties of blended fiber composites. 

 

2  Materials and Methods 
 

The two different natural fibers utilized for nonwoven 

reinforced composite production are Jute and Luffa. 

This Jute fiber was sourced from the market, whereas 

the Luffa fiber was extracted from the dried shell of 

Luffa aegyptiaca vegetable. The collected fibers were 

scoured with 3% NaOH to remove the natural 

impurities such as wax, and hemicelluloses and to 

improve the crystallinity of the fiber. The physical 

properties of the fibers are shown in Table 1, and the 

images of the fibers are shown in Figure 1. 

 

Table 1: Physical properties of Luffa and jute Fibers. 
Properties Luffa Fiber Jute Fiber 

Fiber length(cm) 5.76 8.28 

Fiber Diameter(µm) 36 ± 0.5 33 ± 0.6 
Density (g/cc) 1.12 1.23 

Tensile strength (Mpa) 86.7 142 

Average Modulus (Gpa) 1.05 1.12 
Elongation (%) 1.12 1.3 

Moisture content 7.8% 10.06% 

 

2.1 Nonwoven making 

 

The separated fibers were cut into two different 

dimensions such as 5–6 cm for Luffa fiber and 8–8.5 

cm for Jute fiber. Both fibers were blended with six 

different combinations as per Table 2 for needle-

punched nonwoven fabric production. Previously, the 

tabletop carding machine was utilized for opening, 

cleaning and producing the parallel-laid carding web. 

This parallel-laid web was presented to the needle 

punching machine. This needle punching process was 

carried out through a Dilo needle punching machine 

with a punching density of 29 inches/sq.cm, a 

punching depth of 15 mm, and a needle punching 

frequency of 250 strokes per minute. 

 

2.1.1  Resin bonded composite making 

 

To analyze the influence of different fiber mixing on 

the functional properties, the fiber volume percentage 

was kept at 65% for all the samples during the 

composite Making. A 150 × 150 × 5 mm mold was 

utilized to fabricate the composite. The epoxy resin 

(CY225 with HY225 hardener) was injected into the 

mold cavity. To create the compact composite 

structure 35% equivalent volume of resin was put into 

each nonwoven fabric layer. The mold unit was then 

transferred to the compression molding machine after 

finishing the laying phase. 30 bar of pressure was 

applied to the mold via the compression molding 

machine. Figure 1 depicts a composite specimen and 

the fabrication process for composites. The composite 

sample images are shown in Figure 2. 

 

Figure 1: Fibers used for nonwoven production; (a) 

Luffa Fiber assembly, (b) Chopped Luffa Fiber, and 
(c) Jute Fiber.  

 

2.2  Characterization 

 

2.2.1  Physical properties 

 

The porosity of the nonwoven is the ratio between the 

density of the nonwoven to the density of the fiber. 

The measured densities of the luffa and jute fiber were 

1.12g/cm3 and 1.23 g/cm3, and the nonwoven density 

was measured through the weighing balance method.  

 

A =
ρfabric

ρfiber

 X100 

 

Porosity % = (1 − A)2 
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Table 2: Nonwoven specifications made with different fibre blending ratios. 
Sample 

No. 

Fiber Mixing 

Ratio 

Average 

Thickness 

Bulk Density 

(g/m2) 
Porosity % 

Weight 

(g/sq.m) 

Calculated 

Porosity % 

Air permeability 

(Cm3/Cm2/s) 

N1 35 % Luffa/ 

65 % Jute 

1.4 mm 24.23 99.8 82.13 83.23 30.23 

N2 45 % Luffa/ 
55 % Jute 

1.65 mm 22.45 99.81 80.64 84.02 34.23 

N3 50 % Luffa/ 

50 % Jute 

1.75 mm 21.34 99.82 79.20 84.43 38.42 

N4 65 % Luffa/ 

35 % Jute 

2 mm 18.42 99.84 73.25 85.68 40.34 

N5 75 % Luffa/ 
25 % Jute 

1.84 mm 18.21 99.84 72.45 86.51 45.32 

N6 85 % Luffa/ 

15 % Jute 

2.5 mm 17.56 99.85 70.24 87.37 48.23 

 

 
 

Figure 2: Composite samples made with different 

reinforcement ratios (N1–N6).As per ASTM Test 

Method D 737, the Air permeability of the nonwoven 

fabrics was measured. It is the measure of air flowing 

perpendicular to the known area of the nonwoven 

material, and it is indicated in the form of cm3/cm2/s. 

Areal density, bulk density and porosity of the 

nonwoven fabric samples were included in Table 2. 

2.2.2  FTIR  

 

The chemical composition present in Luffa fiber and 

the influence of alkali pre-treatment on luffa fiber was 

ascertained through FTIR spectroscopy. A Jasco 

FT/IR-6300 type A spectrometer was utilized to assess 

the same. The spectrum was recorded between 5000 

cm–1 to 500 cm–1.  

 

2.2.3  Mechanical testing  

 

Instron's Zwick Roell-Z010 Universal Testing 

equipment was used to test the composite samples' 

tensile, flexural, impact, and Rockwell hardness in 

accordance with ASTM D3039M, ASTM D790, 

ASTMD3410, and ASTM D2240, respectively.  The 

rate of loading for tensile and flexural testing was kept 

at 2 mm/min and 2.8 mm/min, respectively.  Before the 

physical tests, nonwoven samples were preconditioned 

in typical atmospheric circumstances (20±2 °C 

temperature, 65±5% relative humidity). Five 

measurements of each sample were taken for the 

mechanical testing process. Similarly, the composite 

harness was analyzed with Rockwell Hardness Tester 

as per ASTM D785-98 standard. 

 

2.2.4  Dynamic Mechanical Analysis (DMA) 

 

According to ASTM D 7028-07e1 standard, DMA 

analysis was carried out using a Netzsch DMA tester. 

The two parameters, such as storage modulus and loss 

modulus were analyzed. This is the measure of the 

visco-elastic property of the composite under different 

temperature ranges. The experiment was carried out in 

tensile mode with heating rates of 2 °C/min and 1 Hz 

starting at 30 °C and going up to 100 °C. 
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2.2.5  Water absorption properties  

 

The specimens' water absorption rate was determined 

using the ASTM D 570-98 standard. The samples 

were maintained at 50 °C for 24 h before being cooled 

in desiccators. At 23 °C, the specimens were 

submerged in distilled water. The specimens were 

removed from the water after 24 h, washed off with 

dry cotton, and weighed. The weight change due to 

water absorption was calculated as a percentage. The 

saline water absorption test was performed in the same 

manner, and the percentage of weight change was 

calculated. 

 

2.2.6  Sound Absorption Coefficient (SAC) 

 

The sound absorption coefficient (SAC) was 

measured using an impedance tube following ASTME 

1050. One end of the tube is mounted with the test 

material (bonded nonwoven), and the other end has a 

facility for creating sound sources. A 100 mm 

diameter impedance tube measures frequencies from 

50Hz to 1.6 KHz. The samples are attached to one end 

of the tube, and stationary sound waves with the 

specified frequency are created through the other end 

of the tube. The sound wave entered the impedance 

tube, traveled there, hit the sample, and then reflected. 

The sound pressure is monitored in two fixed points 

on the tube using a digital frequency analyzer. This 

sound pressure measurement can be used to determine 

the sound absorption coefficient.  The equation below 

is used to compute the sound absorption coefficient. 

 

α =
Ii

Ir
 

 

α =
|Pi|2 − |Pr|

|Pi|2

2

 

 

Where α is the sound absorption coefficient, Ii is the 

intensity of the incident sound wave Ir, is the intensity 

of the reflected sound wave, and Pi & Pr denotes the 

pressure of incident and reflected waves, respectively. 

 

3  Results and Discussion 

 

3.1  Detection of functional groups 

 

FTIR spectroscopy of untreated and alkali treated 

Luffa fiber was investigated (Figure 2(a) and (b)). 

 
Figure 2: FTIR spectra of extracted Luffa fiber; (a) 

raw fiber and (b) alkali treated fiber. 

 

The raw FITR spectra of luffa fibre contains the 

following spectra peaks. The peak at 3009 cm–1 may 

be interpreted as the existence of the acid group in 

cellulose  [13].  A peak at 2930 cm–1 belongs to CH 

stretching. The peaks at 2170 cm–1 and 1620 cm–1 

belong to OH stretching in cellulose structure and 

1248 cm–1 shows the presence of hemicellulose. In the 

alkali treated sample, the peaks at 3009 cm–1 and 2930 

cm–1 were present, which are interpreted as the 

presence of cellulose structure and the peak at 1248 

cm–1 was missing since the removal of lignin content 

due to alkali treatment [14]. This alkali treated fiber 

would improve the functional group on its surface due 

to which the bond between the resin and fiber was 

improved. 

 

3.2 Tensile properties 

 

The tensile properties such as maximum tensile load, 

stress, strain, modulus, and extension % of the 

composite materials were analyzed and reported in 

Table 3. 
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Sample N1 has higher tensile properties such as 

tensile load (N) of 1894.3 N, extension of 0.945 mm, 

Stress of 28.12 Mpa, strain of 1.45%, and modulus of 

1.84 G pa. On the other hand, the N6 sample has 

shown the lowest tensile properties such as tensile 

load (N) is 913.8 N, extension of 1.123%, Stress of 

16.56 Mpa, strain of 2.34%, and modulus of 1.12 Gpa. 

This kind of trend is due to the percentage of fiber 

contribution of jute fiber. In all the cases, the Jute fiber 

content increases, and its tensile properties have also 

been increased. Increasing the Jute fiber content 

improved the stiffness and strength of the composite  

[15]. Further, the tensile properties of Luffa fiber were 

inferior to that of Jute fiber, which tends to create more 

voids in the side structure  [16],  [17]. In this case, the 

percentage of Luffa fiber diminishes the tensile 

strength of the composite by increasing the porosity of 

the composite materials  [18]. Further, by effectively 

allowing the resin to infiltrate via the reinforcing gaps, 

the N1 sample's optimized fiber mixing boosted the 

interlaminar shear strength [19]. 

 

Table 3: Tensile properties of the composite samples. 
Sample Tensile 

Load (N) 

Extension at 

Maximum Tensile 

Load (mm) 

Tensile Stress at 

Maximum Tensile  

Load (MPa) 

Tensile strain at 

Maximum 

Tensile load (%) 

Modulus  

(Automatic Young's) 

(GPa) 

SD Value 

of Modulus 

N1 1894.3 0.945 28.12 1.45 1.843 0.245 
N2 1634.01 0.934 24.15 1.98 1.754 0.231 

N3 1201.37 0.924 20.17 1.84 1.645 0.263 

N4 1121.5 1.023 18.23 2.01 1.543 0.253 
N5 1012.9 1.123 17.34 2.27 1.276 0.203 

N6 913.84 1.123 16.56 2.34 1.123 0.212 

 

Table 4:  Flexural properties of the composite samples. 
Sample Flexure 

Load (N) 

Flexural Extension 

at Maximum 

Flexural load (mm) 

Flexural Stress at 

Maximum Flexure  

Load (MPa) 

Flexural strain at 

Maximum 

Flexure load (%) 

Modulus 

(GPa) 

SD Value 

of Modulus 

N1 67.23 1.943 46.88 1.95 3.453 0.321 

N2 62.32 1.864 43.12 1.86 3.023 0.324 
N3 58.34 1.834 41.02 1.86 2.862 0.293 

N4 57.31 1.745 39.16 1.93 2.541 0.402 

N5 44.23 1.684 34.55 1.86 2.343 0.411 
N6 42.84 1.567 31.88 1.78 2.351 0.232 

 

3.3  Flexural properties 

 

The flexural properties such as maximum flexural 

load, flexural stress, strain, modulus, and extension % 

were analyzed and reported in Table 4. 

Sample N1 shows the highest flexural properties 

such as flexural load (N) of 67.23 N, extension of 

1.94%, Stress of 46.88 Mpa, strain of 1.95%, and 

modulus of 3.45 Gpa. On the other hand, the N6 

sample has shown the lowest flexural properties such 

as tensile load (N) of 42.84 N, extension of 1.567%, 

Stress of 31.886 Mpa, strain of 1.78%, and modulus of 

2.35 Gpa. This kind of trend is due to the percentage 

of fiber contribution of jute fiber. In all the cases, the 

Jute fiber content increases, and its flexural properties 

have also been increased. Increasing the Jute fiber 

content improved the stiffness and strength of the 

composite. Further, the flexural properties of Luffa 

fiber were inferior to Jute fiber, which tends to create 

more voids in the side structure. 

 

3.3  IZOD impact strength  

 

Additionally, examined and shown in Table 5 is the 

composite samples' impact property (J/m). The sample 

N1's impact strength of 123.7 J/m was found to be the 

greatest. Furthermore, sample N6 had the lowest 

impact strength measurement at 84.22 J/m. 

 

Table 5: Impact strength of the composite samples. 
Sample Avg. Impact 

Strength (J/m) 

SD Value of Impact  

Strength 

N1 123.9 4.23 

N2 100.15 3.43 
N3 82.02 2.43 

N4 92.74 3.02 

N5 90.21 3.45 
N6 84.22 3.61 

 

3.4  Hardness 

 

Generally, the fiber matrix dispersion will affect the 

hardness of the composite structure [20]. Since the 

selected composite materials belong to the blended 
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category, the inter-fiber property would affect the 

hardness of the composite to a larger extent. The tested 

hardness values of all the composite structures are 

shown in Figure 3. In all the cases, as the percentage 

of Luffa fiber increased, the hardness values were 

reduced significantly. At the same time, samples N3 

and N4 have not shown any differences. It is inferred 

that due to the higher amount of fiber agglomeration, 

the changes in the hardness values are not obvious. 

 

3.5  DMA 

 

The DMA analysis was measured to understand the 

stiffness or the visco-elastic properties of polymeric 

composite material. The two different indices of DMA 

have been analyzed for all the composite specimens 

such as storage modulus and loss modulus. The details 

are represented in Figures 4 and 5. 

 

 
Figure 3: The hardness value of the composite material. 

 

 
Figure 4: Storage modulus of the composite material. 

Figure 5: Loss modulus of the composite material. 

 

3.5.1  Storage modulus 

 

It is merely the amount of energy absorbed by the 

composite samples as a result of the cyclic load at 

various temperatures.  The storage modulus of all the 

composite samples is depicted from 0 °C to 120 °C 

with 1 Hz frequency. In a general trend, while 

temperature increases, the storage modulus value 

decreases. This trend was interpreted as the 

amorphous phase (resin compound) of the composite 

attained the relaxation stage. When the jute compound 

of the composite increases the storage modulus value 

has increased. This trend was found in the N1 to N6 

composite samples. It was interpreted that the 

modulus of the Luffa fiber is comparatively lesser than 

that of jute fiber, and the extent of the fiber length is 

comparatively lesser than that of the jute fiber. The 

highest storage modulus was obtained for the N1 

sample due to its very high level of jute fiber 

contribution. In this temperature regain, the maximum 

yield value of N1 composite was attained up to 

31155Mpa. The storage modulus increased up to 40 °C, 

due to an increase in molecular mobility and once it 

reached its glass transition temperature, the storage 

modulus started decreasing. 

 

3.5.2  Loss modulus 

 

The measure of energy lost as heat per cycle of 

deformation is known as the loss modulus (E''), and it 

is the viscous part of the composite material. Figure 5 

shows the results of a measurement of the viscous 

modulus between 20 °C and 100 °C at a frequency of 

1 Hz. According to the figure, all Loss modulus was 

decreased as the temperature increased. As per the 
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previous cases, the loss modulus increases with the 

increase in jute fiber composition.  

It is interpreted that since both the surrounding 

polymer and the fiber are elastic by nature, the 

optimized fiber properties increase energy absorption 

and so result in a greater loss modulus. In this case, the 

N1 sample showed the highest loss modulus compared 

to other samples. It was also discovered that all 

composite specimens reached the highest loss 

modulus value in the glassy zone before falling to the 

lowest range in the temperature range of 60 to 70 °C. 

When temperature increases, the loss modulus also 

increases up to 600 Mpa, later, it decreases as a 

function of temperature. The loss modulus is shown to 

increase with temperature, indicating a transition from 

a glassy to a viscoelastic state, and it is the measure of 

the composite's ability to absorb energy. It also 

depends upon the friction between the fiber and resin. 

 

3.6 Water absorption properties 

 

The water absorption properties of all the test samples 

were measured with distilled water against different 

immersion times, and it is graphically represented in 

Figure 6. In general, the increase of Luffa fiber 

proportion reduces the water absorption percentage of 

the nonwoven sample since the comparative moisture 

regain of Luffa fiber is lesser than Jute fiber. 

According to the previous researcher, natural fiber 

composites are generally poor in their water 

absorption properties [21], [22]. Further to this, the 

fiber volume percentage also significantly influences 

the water-holding capacity of the bio-fiber composite 

structures. According to the above justification, the 

rest of the samples resembled the ones described 

above. More specifically N1 sample contains 65% 

Jute fiber and holds higher moisture intake against 

various immersion periods due to a higher Jute fiber 

composition, whereas the N6 sample reflects lesser 

water holding due to its lesser Jute fiber composition 

(15%). This condition is reflected in all the test 

samples. In addition, the cellulose percentage of Luffa 

fiber is lesser(<60%) than Jute fiber (up to 75%)  [23]. 

Generally, as the cellulose percentage of the fiber 

increases, the hydrophilic group's presence will 

proportionally increase, and vice versa. This theory 

also influenced the improvement of the water 

absorption percentage of the N1 sample compared to 

the N6 sample. 

 

Figure 6: Water absorption properties of the composite 

material 

 

 
Figure 7: Sound absorption properties of the composite 

material 

 

3.7  Sound Absorption Coefficient (SAC) 

 

The sound absorption coefficient (SAC) value 

measured through an impedance tube against the 

frequency range between 0 to 7000 Hz is graphically 

depicted in Figure 7.  

It is preferred that the SAC values of all the 

samples against low frequencies were low, which is 

inferred that the low-thickness material with high 

porosity makes it difficult to block the low-frequency 

sound waves [24]. This finding again reconfirms this 

scenario. Subsequently, a gradual increase in sound 

absorption was found in all the samples. The SAC 

values at 6300 Hz were found for samples N1 to N6, 

which are 0.694, 0.754, 0.723, 0.7343, 0.797, and 0.837, 

respectively. It was also found that fiber blending has 
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influenced the SAC values significantly. In this 

investigation as the Luffa fiber proportion increases, 

SAC values also increase. This is due to the fact that 

the sound energy penetrates the test specimen and is 

re-transmitted, which would be measured as the sound 

absorption coefficient. In this research work, the 

influence of Luffa fiber created a higher quantum of 

non-connected structural pores, which would reduce 

the sound energy significantly [25]–[28]. The highest 

SAC value was obtained with the N6 sample, which 

possessed 85% more Luffa samples than other cases. 

This sustainable Luffa based composite structure can be 

utilized as a replacement for synthetic acoustic material. 

 

4  Conclusions 

 

In this investigation, the influence of fiber blending on 

the acoustic and mechanical properties of the composite 

was studied. Jute and Luffa fiber are the two natural 

fibers used in this investigation. The needle-punched 

nonwoven fabric was produced with six different 

combinations. The fiber blends with 35 % Luffa and 65 

%Jute mixing ratio (N1) showed higher values in all the 

mechanical properties. The tensile and flexural 

properties of the N1 sample were 28.12 Mpa, and 46.88 

Mpa, respectively.  DMA studies, such as storage 

modulus and loss modulus, were analyzed for all the 

samples. It was found that the N1 sample showed higher 

performance. Similarly, the impact properties of the N1 

sample are 123.7 J/m. In terms of water absorption 

properties, the N1 sample rated higher due to its higher 

Jute fiber content than Luffa fiber. On the other hand, 

the Luffa fiber combination increased the acoustic 

property of the composite due to its crimp nature. 

Through this investigation, the Luff blended jute fiber 

composite can be utilized as a sustainable composite 

structure that can be utilized for functional applications, 

including dynamic load bearing and acoustics.  
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