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Abstract: This study examined the characteristics of hybrid composites manufactured 
from basalt and jute fibres for prospective uses in fields needing materials that are 
light, ecologically friendly, and mechanically robust. Although the actual density of 
the composite was slightly lower than the theoretical density due to constrained gases 
during fabrication, study of density and void percentage showed that the inclusion of 
Basalt fibres enhanced the composite's density. According to the results of the tensile 
tests, alkali treatment and hybridization improved performance whereas water 
absorption had a negative impact on tensile strength. The highest tensile strength was 
found in the blend of laminate L3, which was a result of the jute fiber's hydrophobicity 
and moisture content. Additional flexural and impact tests supported the impact of 
water absorption on the mechanical characteristics of the composites. Additionally, 
SEM examination showed that alkali treatment enhanced the bonding of the fiber-
matrix interface and roughened the fibre surfaces, improving the overall performance 
of the composites. The research offers priceless insights into the potential of basalt and 
jute hybrid composites as lightweight, ecologically benign, and mechanically durable 
materials for industrial applications. 

 

1. Introduction 
 Researchers are looking at natural fibres as potential reinforcements for composite materials as a 
result of the growing interest in the development of environmentally friendly and sustainable 
technologies. Accessibility, low weight, corrosion resistance, and biodegradability are only a few 
advantages provided by natural fibres originating from plants and animals. They are seen as 
environmentally beneficial alternatives to synthetic materials (Balaji et al, 2023; Sadashiva et al, 2022; 
Aad et al, 2016; Elidrissi et al, 2012;). Jute and basalt fibres, which have special characteristics not 
seen in other natural fibres, have showed promise (Sadashiva et al, 2023). Natural fibres offer numerous 
benefits, but they also have certain drawbacks. An important drawback is their sensitivity to water 
absorption, which might impair the mechanical characteristics of the fiber-matrix composite. For 
natural fibre materials to be successfully used in the engineering and industrial sectors, it is crucial to 
understand how water absorption influences their mechanical characteristics. Natural fibre composites, 
such as Palmyra and glass fibre composites, have lower impact strength and greater water absorption, 
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according to research comparing the water absorption behaviour of these materials (Sekar et al, 2022; 
Sadashiva et al, 2023; Akartasse et al. 2022a). Characterization approaches have been used to assess 
the physicochemical characteristics of natural fibres, including their cellulose concentration, lignin 
content, hemicellulose content, density, and crystallinity index. Due to their nature, which is high in 
cellulose, natural fibres are hydrophilic and absorb more water than synthetic fibres (Sathishkumar et 
al, 2013; Balaji et al, 2022; Akartasse , 2022b). Water absorption in natural fibre composites may result 
in fibre swelling and the development of micro cracks, which may affect the mechanical and 
dimensional characteristics of the composites (Sanjeevi et al, 2021). Since epoxy has many useful 
qualities, choosing the right matrix material is essential. Composites made of jute and basalt fibres 
have shown improved tensile behaviour, flexural modulus, and hardness qualities. Composites' flexural 
strength has enhanced thanks to the use of ceramic additives, while basalt fibres' tensile qualities have 
improved thanks to alkali treatment (Alsuwait et al, 2022; Sadashiva, et al, 2023; Khan et al, 2022). 
Hand-made epoxy composites made of hybrid basalt and jute fibres were created for this experiment 
(Lakshmi Narayana & Gopalan, 2023; Fiore & Calabrese, 2019). The composites underwent an 
alkaline treatment to change the surface characteristics of the fibres and get rid of contaminants. 
Measurements of density and void percent were performed to assess the composites' physical 
properties. In order to evaluate the composites' degrading qualities, water absorption was also applied 
to them. Tensile, flexural, and impact studies were used to examine the effects of alkaline treatment on 
the mechanical characteristics of water-absorbent composites. This research aims to shed light on the 
applicability of basalt and jute hybrid epoxy composites for diverse applications by thoroughly 
assessing the mechanical behaviour and water absorption capabilities. The research will aid in the 
creation of durable composite materials and promote their usage in sectors looking for materials that 
are light, environmentally friendly, and mechanically tough.  

2. Experimental Methods 
2.1 Materials 

Jute and basalt fibres from Vruksha Composites in Guntur were used in the investigation, along 
with an Epoxy resin matrix from Ultra Nano Tech Pvt Ltd, Bengaluru. Through the use of water retting, 
both fibres were removed. It is emphasized how important jute and basalt fibres are to the investigation. 
Figure 1A displays the Basalt fibre, while Figure 1B displays the chopped jute fibres that were 
employed in the study. The mechanical and physical characteristics of jute and basalt fibres are shown 
in Table 1, respectively. 

 
A. Basalt Fabric 

 
B. Jute Fabric 

Figure 1. A. Basalt Fabric B. Jute fabric 
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Table 1. Physical Properties of Basalt and Jute fibers 

Properties Basalt  Jute 

Density (g/cc) 2.75 1.42 

Tensile strength (MPa) 4840 450 

Young’s modulus (GPa)  89 60-95 

Elongation (%) 3.15 2.9 
 

2.2 Alkaline treatment 
To enhance their qualities, alkaline treatment was applied to both jute and basalt fibres. A sodium 

hydroxide (NaOH) solution with 5% sodium hydroxide was used to chemically treat the fibres. As part 
of the alkaline treatment process, fibres were submerged in a glass container holding an alkaline 
solution. The fibres were soaked in the solution at room temperature for around two hours. The fibres 
were properly washed with water after the soaking procedure to remove any residual alkali (Jain et al, 
2021). As a result, they were completely dry. The fibres were put in an oven that had been preheated 
to 70 0C to guarantee optimum drying. The goal of the alkaline treatment was to alter the fibres' surface 
characteristics, improving their compatibility with the polyester matrix and the overall effectiveness of 
the hybrid composites. 

2.3 Composite fabrication 
 Epoxy hybrid composites were created utilizing the well-known hand lay-up method, as shown in 
Figure 2. Jute and basalt fibres were added in various amounts to the composites to reinforce them. 
According to the ASTM standard, a mould with the following measurements was used during the 
fabrication process: 300 mm in length, 300 mm in width, and 3 mm in height. A silicone release agent 
was sprayed to the surfaces of the mould to make it easier to remove the cured samples from it. The 
matrix resin, Epoxy reagent, was made and properly mixed with 10:1 by ratio hardener and 0.02% 
cobalt catalyst to get a homogeneous consistency. To get rid of any air bubbles, the liquid was 
subsequently degassed. The first layer of the composite material was created in the first stage by 
pouring the prepared matrix resin into the mould. Bidirectional basalt and jute fibres with a length of 
300 mm were added on top of the initial layer. Any air pockets in the layer were removed by rolling it. 
Repeating this process allowed the composite to reach the necessary thickness. A sheet of plastic 
(polythene) was placed on top of the uncured uppermost layer before compressing the final layer. To 
provide a consistent thickness of 3 mm across the composite material, a load of 50 kilograms was 
utilised. After that, the material was allowed to cure for 24 hours at room temperature. The composites 
were then painstakingly taken out of the mould, as seen in Figure 2. Table 2 shows the proportions of 
basalt and jute fibres used to make composite materials.  

Table 2. Laminate designation 

Laminate Fiber sequence 

L1 B+B+B+B 
L2 J+J+J+J 
L3 B+J+J+B 
L4 J+B+B+J 
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Only epoxy and basalt fibre composites are labelled (EB), while composites with epoxy, basalt fibre, 
and jute fibre are labelled (EBJ). According to the preliminary study, poor fibre distribution or moisture 
were caused when more than 15% of Basalt fibre was added to an epoxy matrix. Consequently, the 
fibre content was set at 15% for this investigation. 

 
Figure 2. Hand Layup Process 

3. Experimentation 
3.1 Density and Void fraction 

The ASTM D792 standard method, which is based on Archimedes' principle, was used to calculate 
the density of the polymer, fibre, and composite at room temperature (Sabarinathan et al, 2021). Each 
sample was weighed twice—once in air and once in water—in order to apply Archimedes' principle. 
Using a digital scale that was on hand in the lab, exact weight measurements were taken. The scale was 
modified because it didn't have a built-in attachment for suspending samples. The density of the sample 
in relation to the temperature of the water or the air might be determined by setting the assembly on 
the electronic balance's pan. The following equation was used to determine the theoretical density (ρth) 
of the composite: 

             Eqn. 1  

where ffibre being Fraction of fibre content, fresin being Fraction of resin content, ρfibre being Density of 
fibre, ρresin being Density of resin. 

The actual density (ρact) was calculated as follows: 

                                         Eqn. 2  

where A being Weight of the sample in air, B being Weight of the sample in the water 
The volume fraction of voids (Vv) was determined using the formula: 

                                                   Eqn. 3 
The mechanical properties of composite materials can be significantly impacted by the presence 

of voids. Reduced fatigue resistance, increased sensitivity to moisture and erosion, and greater strength 
property variation can all be caused by an increase in void content. Therefore, it is crucial to 
comprehend the void content in order to appropriately assess the calibre of composites. The 
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characteristics of composites may suffer if the vacuum volume fraction (Vv) increases, which is 
undesirable (Muktha et al, 2017). 

3.2 Mechanical Characterisation 
To assess the mechanical qualities of the composites, a number of tests including those for tensile 

strength, flexural strength, and impact strength were carried out. NIE Mysore provided the KIC-2-
1000-C universal testing apparatus with a 100 kN load capacity for these tests. Tensile testing is shown 
in Figures 3A in accordance with ASTM D3039, whereas flexural testing is shown in Figures 3B in 
accordance with ASTM D790. Both tests were carried out at a constant strain rate of 1.5 mm/min. A 
Charpy Pendulum Impact Tester in accordance with ASTM D256 was used to gauge the impact 
strength. Tensile strength test specimens were 250 mm x 25 mm x 3 mm, whereas flexural strength test 
specimens were 100 mm x 12.5 mm x 3 mm. The impact testing specimens have dimensions of 65 mm 
by 10 mm by 3 mm. 

A 

 

B 

 
Figure 3. A. Specimen for tensile testing B.  Specimen for Flexural testing 

3.3 Water absorption behaviour 
 According to ASTM D-570, the water absorption behaviour of untreated and alkali-treated epoxy 
composites was assessed. Samples with various fibre weight ratios were submerged at room 
temperature in a beaker of distilled water to assess the kinetics of water absorption. At regular intervals 
of 24 hours, the samples were taken out of the water, wiped with tissue paper to remove any surface 
moisture, and then weighed with an electronic precision scale. This equation was used to calculate the 
percentage of water absorption: 

Eqn. 4                        % Water Absorption =  

where, Mo being Initial weight of the specimen before immersion in water, Mt being Weight of the 
specimen after immersion in water. 

It is able to learn more about the composite's capacity to absorb water and its resistance to moisture 
intrusion by examining the water absorption behaviour and determining the liquid ingestion rate. These 
findings provide light on the durability and practicality of the composite. 
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3.4 Scanning Electron Microscopy (SEM) analysis 
 The morphology of the fragmented specimens was investigated using a Hitachi SU3500 SEM 
working at 30 kV. The specimens were given a small layer of gold material to improve their 
conductivity and make SEM imaging easier (Vardhan et al, 2021). Through SEM examination, the 
surface appearance and structure of composite materials may be seen with great detail. We can learn 
more about the failure mechanism, the interaction between the fibres and the matrix, and the 
distribution of the reinforcing fibres throughout the composite matrix by looking at the fracture 
surfaces. SEM examination allows for a detailed evaluation of the composite microstructure and offers 
useful visual data. This study helps to understand the mechanical characteristics of the composite 
material and the effectiveness of the fiber-matrix interface, which adds to a thorough assessment of the 
material. 

4. Results and Discussion  
4.1. Density and void fractions  

Table 3 displays the density and void fraction findings for the composites. These factors are 
essential for deciding whether composites are appropriate for industrial applications, particularly when 
considering the desired characteristics of lightweight, ecologically benign, and mechanically robust 
materials. When basalt fibres are mixed with jute fibres, the theoretical density of the composites 
varies. The density of the composite rises as the proportion of jute fibres does as well. This is due to 
the higher density of jute fibres compared to other fibres. The experimental results, which show that 
the composite density increases as the jute fibre content rises, are consistent with this tendency. 
Notably, composites' real density is only slightly higher than their theoretical density. This is because 
trapped gases were introduced during the manual lay-up production process (Muralidharan et al, 2022). 

Table 3. Density and void fractions 

Sample Theoretical 
)3density (g/cm 

Actual density 
)3(g/cm 

% Volume 
fraction of voids 

L1 1.298 1.239 4.54 
L2 1.325 1.265 4.52 
L3 1.353 1.301 3.84 
L4 1.338 1.278 4.32 

 

4.2. Tensile test 
The tensile test results offer important information on the effectiveness of composites under 

varied moisture conditions. The effects of water absorption on the tensile strength and tensile modulus 
of composites are shown in Figures 4 and 5. Untreated fibers significantly lose 33% of their tensile 
strength when they are exposed to moisture. This suggests that the mechanical properties of the 
composites are adversely affected by moisture absorption. When alkali-treated composites are tested, 
the drop in tensile strength is, however, reduced to 22%. This improvement results from treating fibers 
with alkali, which lowers their ability to absorb moisture and raises their resistance to moisture (Fiore, 
et al, 2015). The tensile properties of the composites are further impacted by the hybridization of jute 
and basalt fibers. Figure 4 shows that the addition of jute fibers caused a drop in tensile values ranging 
from 17% to 18%. L3 turned out to be the most efficient hybrid combination out of all those considered. 
In comparison to other compositions, this combination shows higher tensile performance. The 
interactions between the two fiber types are to blame for the improved tensile qualities, which lead to 
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a tension-resistant structure with reinforced tensile properties. It's interesting to note that jute fibers' 
increased hydrophobicity, which is caused by their higher moisture content, may be a factor in their 
poorer overall compositional qualities. But the ideal hybrid composition successfully strikes a 
compromise between the benefits of basalt fibers and the moisture resistance acquired through alkali 
treatment. These findings highlight the importance of fiber treatment and hybridization in enhancing 
the tensile capabilities of composites, especially in humid settings. The tensile strength and moisture 
resistance of composites may be increased by using the right fiber treatments and making careful hybrid 
composition choices, making them suited for applications demanding lightweight, ecologically 
friendly, and mechanically strong materials. 

 
Figure 4: Tensile strength of various composites 

 
Figure 5. Tensile modulus of various composites 

4.3 Flexural Test 
 The flexural strength and flexural modulus of the composites in dry and water-absorbent 
circumstances are usefully shown by the flexural test results presented in Figures 6 and 7. These 
discoveries provide insight into how composite materials respond to bending stresses and how moisture 
affects their mechanical characteristics. Examining the dry samples reveals that the flexural strength 
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rises proportionately with the addition of jute fibers. A number of things contributed to this 
improvement. First, the inclusion of jute fibers enables a better load transfer to the fibers, increasing 
the total strength of the composites. Additionally, the better adhesion at the Fibers and matrix contact 
adds to the increased flexural strength. Additionally, the cellulose fibers in the composites contribute 
to the flexural characteristics by supporting bending forces in addition to the jute fibers. The findings 
do, however, show that water absorption reduces the flexural strength of composites. Water absorption 
reduces flexural strength by 46% without alkali treatment. However, the loss in flexural strength is just 
28% when composites are alkali-treated.  

 
Figure 6. Flexural strength of various composites 

 
Figure 7. Flexural Modulus of various composites 

 
The capacity of the alkali treatment to decrease moisture absorption and raise the fibers' resistance to 
moisture is what leads to this improvement. Additionally, the negative impact of water absorption on 
flexural strength may be further reduced by using hybrid compositions. With a 17% to 24% drop in 
flexural strength, the composition with two outer layers of basalt and two inside layers of jute fibers 
shows the best results. This shows that fiber hybridization offers more benefits in terms of total flexural 
performance and moisture resistance. The entry of water molecules into the fiber-matrix interface is 
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the likely cause of the reduced flexural strength seen under damp environments. As a consequence, the 
fibers grow and gaps develop between them and the matrix, which eventually leads to fiber separation. 
The breakdown of fibers brought on by moisture also causes the separation of fibers into fibrils, which 
lowers the flexural strength of damp hybrid composites. The relevance of moisture resistance in 
achieving the best flexural characteristics for composites is shown by these findings. For improving 
the composites' resistance to moisture absorption and reducing the negative effects on flexural strength, 
alkali treatment and the choice of hybrid compositions are crucial (Calheiros et al., 2013). Because of 
this, composites may be used in applications that require for lightweight, ecologically friendly, and 
mechanically durable materials even in areas with a lot of moisture. 
 
4.4 Impact Test 
 The impact test findings shed insight on the hybrid composites' impact strength in both dry and 
wet circumstances, as shown in Figure 8. It is clear that composites' impact strength is much lower in 
wet than in dry circumstances. This is explained by the development of more micro cracks when water 
molecules diffuse into the area where the fibers and matrix come into contact. As a result, the 
connection between the fibers and the matrix deteriorates, lowering impact strength. Further 
investigation demonstrates that compared to dry composites, water absorption lowers the impact 
strength of composites containing 15% basalt fibers by 25%. Nevertheless, this decrease may be 
lowered to a range of 12% to 15% by using the hybridization technique. 
Notably, compared to other compositions, the hybrid composition made up of the L3 combination 
shows greater impact resistance. These results highlight the importance of moisture resistance in 
preserving the ideal impact strength of composites. The fiber-matrix interaction is jeopardized. 

 
Figure 8. Impact strength of various composites 

When water molecules diffuse into the contact zone and cause the creation of micro cracks. As a result, 
damp hybrid composites have less impact resistance. Jute fibers with the right hybrid composition, 
however, may be used to successfully reduce the detrimental effects of water absorption on impact 
strength (Saaidia et al, 2023; makhlouf et al, 2022; Sakhti Balan et al, 2020). These discoveries have 
important ramifications for companies looking to develop lightweight, ecologically benign, and 
mechanically durable materials. Composites may keep their impact strength even in areas with high 
amounts of moisture by thinking about the hybridization of fibers and using moisture-resistant 
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methods, including alkali treatment (Doddamani et al, 2012). This guarantees their appropriateness for 
uses in which impact resistance is essential and aids in the development of lightweight and robust 
materials in a number of sectors. 

4.5 Moisture Absorption test 
 Lignocellulosic fibers, which are often employed in natural fiber-reinforced composites, have 
a tendency to absorb moisture, leading to dimensional instability and modifications in mechanical 
characteristics. Knowing how natural fiber composites absorb water is crucial to figuring out how long 
they will last in a given application. Water molecules enter these composites via micro-gaps between 
polymer chains, capillary action inside the fiber-matrix interstitial spaces, and flaws at the fiber-matrix 
interfaces. The interface between the fiber and matrix, as well as the fiber itself, via hydrogen bonding, 
are the main sites of moisture absorption (Moudood et al, 2019; Lotfi et al, 2021). Table 3 shows the 
hybrid composites created for the study's water absorption findings. The findings show that 
hybridization significantly affects the water absorption of the composites. This is because the fiber's 
external surface has been hydroxide-treated, increasing its water resistance. In comparison to the other 
compositions, L3 (BJJB) has the greatest resistance to water absorption. Additionally, the results show 
that fibers begin to significantly increase weight after 1 day of immersion and begin to absorb the most 
water after that. After this, differences in water absorption are seen, as seen in Table 3. Long-term 
immersion in water demonstrates that water absorption approaches a saturation point, suggesting that 
the fibers' maximum ability to absorb moisture has been reached. Following a 5-day immersion period, 
saturation behavior is seen. With L3's improved composition, the reduced water absorption in hybrid 
composites shows it’s potential for usage in situations where moisture resistance is crucial. These 
composites have improved dimensional stability and durability due to the alkali-treated fibers' capacity 
to prevent water infiltration, making them suited for businesses looking for lightweight, 
environmentally friendly, and mechanically robust materials. 

Table 3: Water absorption of hybrid composites 

Moisture 
Absorption in days 

% Water absorption 

L1 L2 L3 L4 

1 2.486 3.105 5.744 4.434 

2 3.120 3.398 5.451 4.462 

3 3.120 3.398 5.744 4.479 

4 3.945 3.692 5.865 4.481 

5 4.219 4.571 6.038 4.50 

 
4.6 Scanning Electronics Microscopy 
 SEM enables a detailed analysis of the morphology of fibre surfaces. Composites made of 
polyester-hybrid natural fibres can efficiently be cleaned of contaminants and have their hydrophilicity 
reduced using chemical treatments. The surface morphology of treated and untreated polyester natural 
fibre composites was compared using SEM analysis. Untreated fiber-reinforced composites display 
more widespread fibre breakdown than their alkali-treated counterparts. The fracture surface of dried, 
untreated hybrid fibres is shown in Figures 9A which also shows weak fibre-matrix adhesion and crack 
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formation during tensile fracture. As illustrated in Figure 9B, alkali treatment on the other hand causes 
the surface of the fibres to become coarser, improving the contact between the matrix and fibres. When 
utilised in the Creation of composites, chemical treatments increase surface porosity and roughness, 
which enhances the mechanical interlocking adhesion between fibres and the matrix. Wet hybrid 
composites exhibit a smaller range of mechanical characteristics than their dry equivalents. When 
composite specimens are submerged in water, hydrogen bonds between the water molecules and the 
cellulose begin to form, which is what causes this behaviour. The interfacial bonding and tensile 
characteristics of composite specimens are decreased as a result of the penetration of water molecules 
into the fiber-matrix region. The fiber-matrix adhesion is also weakened as a result of fibre expansion, 
which also causes fibre separation from the matrix Figure 9C. The fracture surfaces of hybrid basalt 
and jute composites are significantly better understood thanks to the SEM study. The difference 
between treated and untreated, dried composites shows how important alkali treatment is for improving 
the interface and overall mechanical performance. Additionally, research on wet composites 
demonstrates how water absorption negatively affects interfacial adhesion and mechanical 
performance (Hasan et al, 2022). These discoveries promote the development of lightweight, 
environmentally friendly, and mechanically robust materials for a range of industrial applications and 
help to understand the microstructural changes that take place in composites. 

A 

 

B 

 
C 

 

Figure 9. A. Basalt composite B. Jute Composite C. Hybrid composites 
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Conclusion 

The characteristics of basalt and jute fiber-based hybrid composites were examined in this paper. 
Several characterization techniques were used to examine the composites' density, void fraction, tensile 
strength, flexural strength, impact strength, and water absorption. The most significant findings are as 
follows: 

Ø Jute fibres added to the composite made it denser, however the actual density was a little bit 
less than the predicted density because of trapped gases during manufacture. The hybrid 
composition of L3 had the lowest void fraction out of all the fibre compositions studied. 

Ø The tensile strength of the composites was impacted by water absorption. Untreated fibres 
drastically lost tensile strength when exposed to water. However, basalt and jute fibres were 
hybridised, which furthered the improvement, and alkali treatment of the fibres decreased this 
loss. The hydrophilicity of the banana fibre and its impact on the moisture content are most 
likely to blame for the composition of L3 hybrid composite producing the greatest outcomes. 

Ø The addition of jute fibres enhanced the composites' flexural strength in dry conditions. This 
improvement can be attributed to elements like enhanced adhesion at the fiber-matrix interface, 
increased load transmission to the fibres, and the ability of cellulose fibres to withstand bending 
loads. Water absorption caused a reduction in flexural strength, however alkali treatment and 
hybridization counteracted this effect. The material had a superior flexural strength because to 
its two basalt outer layers and two jute inside layers. 

Ø Due to water molecules accessing the fiber-matrix interface and creating micro cracks there, 
composites' impact strength was lower in wet settings than it was in dry conditions. Water 
absorption was less of an issue due to the hybridization method. Comparatively speaking, the 
composition made out of BJJB composites demonstrated higher impact resistance. 

Ø Moisture absorption alters the dimensional stability and mechanical properties of composites 
made of basalt and jute Lignocellulosic fibres. Water molecules swelled and weakened 
interfacial adhesion at fibre-matrix micro-gaps and interfaces. Fibres treated with alkali became 
less porous to water, which decreased water absorption during hybridization. Water was least 
absorbed by L3 hybrid composite. 

Ø A SEM analysis revealed the shape of the fibre surfaces as well as the effects of chemical 
alterations, fiber-matrix bonding, and water absorption. Alkali treatment enhanced the fiber-
matrix interface, however water absorption weakened the link between the fibres and the matrix 
by causing swelling and separation of the fibres. 

The hybrid composites, taken as a whole, showed promising characteristics, making them appropriate 
for applications requiring lightweight, environmentally benign, and mechanically durable materials. 
Jute fibre addition, alkali treatment, and fibre hybridization all enhanced composites' mechanical 
properties and water resistance. These results support the development of environmentally friendly 
composites for a range of industrial applications, especially those that emphasize the use of lightweight 
materials with improved durability. 
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