
International Journal of Mechanical and Production Engineering, ISSN(p): 2320-2092, ISSN(e): 2321-2071 

Volume- 7, Issue-11, Nov.-2019, http://iraj.in 

Environmental Impact on Mechanical Properties of Jute Fiber Reinforced Epoxy Composites and Hybrids 

 

47 

ENVIRONMENTAL IMPACT ON MECHANICAL PROPERTIES OF 

JUTE FIBER REINFORCED EPOXY COMPOSITES AND HYBRIDS 
 

1
MD SHAFIUL FERDOUS, 

2
TAZBIUL MAHMUD ARANNO, 

3
MD. SHAFAYET ULLAH KHAN 

 
1Department of Mechanical Engineering, Khulna University of Engineering & Technology, Khulna-9203, Bangladesh 

2,3Department of Mechanical Engineering, Bangladesh Army University of Science & Technology,  

Saidpur-5310, Bangladesh 

E-mail: 1munazeer_218@yahoo.com, 2aranno.aru01@gmail.com, 3shafayetullahkhan05397@gmail.com 

 

 

Abstract - Jute fiber reinforced epoxy composites are very popular among the other bio–degradable composites nowadays. 

Therefore, environmental impact such as water absorption, corrosion on mechanical and physical properties of jute fiber 

reinforced epoxy composites and hybrids was investigated in this study. A series of experiments were carried out to 

investigate the change in mechanical and physical properties under these conditions. A manual hand loom was designed and 

constructed to fabricate the unidirectional jute fiber woven mat. Also, different fiber orientation and additional materials 

were introduced to prepare various kinds of composites/hybrids. Then their results were analyzed. 3% NaCl solution was 

used to investigate the corrosive effect. It was discussed that the percentage of water absorption, the swelling thickness and 

the density depends on the bonding between the matrix and the fibers. 
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I. INTRODUCTION 

 

The demand of natural fibre reinforced composites 

make a bubbling among the researchers. As the 

natural fiber composites are biodegradable, so the 

longevity of those is a burning question for outdoor 

applications. In this present study, the effect of the 

environment on the mechanical properties of jute 

fibre reinforced epoxy composites and hybrids were 

examined. Fibre reinforced composites have high 

performance, great flexibility and handling 

advantages at favourable costs and they can easily be 

changed by shuffling the different matrix and fibres 

[1]. Therefore, the biodegradable, renewable and low 

cost natural fibers are replacing the place of synthetic 

fibres for composite fabrication [2]. These composite 

shows the high strength than their weight ratio. This 

light weight and stiffness of composite materials play 

an important role in replacing the conventional 

materials [3]. Conventionally, the researchers are 

used the bidirectional, plainor twill type woven jute 

fiber mat and needle–punched nonwoven jute fiber 

mat for the fabrication of the composites [4,5].  

 

In our previous study,a simple technical method was 

introduced to prepare unidirectional woven jute mat 

by manual hand loom, and to fabricate composite 

material by those woven cloths [6]. Conventional 

twill type jute woven mat and unidirectional woven 

jute mat were used in this study for the fabrication of 

the composites and hybrids and to compare the results 

among them. There could be a vast use of natural 

fiber composites in the automotive, construction, 

furniture, wind turbine and packaging industries [9]. 

Therefore, the investigation of the effects of the 

environmental impacts on the mechanical properties 

of the natural fiber composites turns to be a very 

important issue [10].  
 

II. EXPERIMENTAL PROCEDURE 

 

Percentages of water or moisture absorption, swelling 

thickness, and density due to the environmental effect 

were measured. Both the laminated and un-laminated 

specimens were used to investigate the true effect of 

the environment on the mechanical properties of the 

various types of composites and hybrids. Distilled 

water and 3% NaCl solution was also used to 

investigate whether the corrosive properties are 

affected or not. The edge of the specimen cutting 

surface was laminated in the case of corrosion test. 

Figure 1 shows the geometry of the specimen for 

tensile test, and figure 2 shows the types of the 

fabricated composites. A-F types and P-R types of 

specimens were fabricated depending on the 

orientation of the woven jute fiber cloths and 

additional materials used to fabricate the hybrids 

respectively. Conventional twill type jute clothes 

were used in P-R types of specimens. Rectangular 

type specimens were used in this study to investigate 

the impacts of the environment. The length of the 

specimen was 60mm, the width was 20mm and the 

thickness was around 4mm, respectively, and for 

tensile test, dumble type specimen (L=120mm, 

2W=28mm and t=4mm) was used.  

 

 
Figure 1. Geometry of the specimen fortensile test 
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Water absorption was measured by immersing the 

test samples in the normal water at room temperature 

where the specimens were not laminated. The same 

types of specimens, but laminated were also 

submerged under normal water in some cases to 

compare the effect. 3% NaCl solution was also used 

to investigate the corrosive effect at room 

temperature. The specimens were withdrawn from the 

water and wiped with a dry cloth to remove the 

surface water before the measurements. Then the 

samples were weighed periodically using a precision 

scale with an accuracy of 0.1mg. After measuring the 

weight of the specimenscorresponding immersion 

time, the water absorption rate (WA(t)) was calculated 

using equation (1). 

 

WA(t) =
Wn−Wo

Wo
× 100(1) 

 

Where, WA (t) = Percentages of water absorption of 

the specimen with respect to time, wn= specimen 

weight after immersion under water or 3% NaCl 

solution at nth days, wO = initial weight of the 

specimen (dry condition). The water absorption tests 

were stopped after 21th days.  

 

As our fabricated material’s reinforcement is jute 

which contains cellulose, i.e., has hydrophilic 

property. Therefore, the composites were swelled 

under submerged condition. The thickness was 

measured in several different positions and finally, 

average thickness was taken. Percent of swelling 

thickness was calculated using equation (2). 

 

SwT(t) =
Tn−To

To
× 100(2) 

 

Where, SwT(t)=Percentage of swelling thickness of  

the specimen with respect to time, Tn=Specimen 

thickness after nth days, TO = initial specimen 

thickness before submerged under water orNaCl 

solution. The swelling thickness tests were stopped 

after 21thdays. 

Density plays a key role in designing an engineering 

component or deciding the application of a material 

particularly where weight is an important factor. 

Thus, it was necessary to determine the density of the 

fabricated composites for this study. Density was 

calculated using equation(3).  

 

ρ =
m

v
(3) 

 

Where, 𝜌 = Density of the composite, m = mass of 

the specimen, and v = volume of the specimen. 

 

III. RESULT AND DISCUSSION 

 

From the water absorption test, it was clear that water 

has a great impact on the natural fiber composites as 

jute has a hydrophilic property. Also, the interfacial 

bonding among the matrix, fiber, and the additional 

materials that were used to fabricate the hybrid 

composites depend on the water absorption rate of the 

composites. Ctype hybrid composites have very weak 

bonding between aluminium foil and jute fiber. 

Therefore, water can easily penetrate through it. 

Figure 3 shows the maximum percentage of water 

absorption for the C and Q types of hybrids.  

 

From the water absorption test, it was clearly found 

that the water absorption rate depends on the bonding 

between the matrix, fiber, and the additional materials 

used to fabricate the hybrid composites. AsCand Q 

types of hybrid composites consist of aluminium foil 

and jute fiber, the bonding among the aluminium foil, 
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jute fiber and matrix is less strong than the other 

types of composites.  

 

 
Figure 3:Water absorption: (a) Submerged under normal 

water, (b) Submerged under 3% NaCl solution. 

 
Figure 4:Swelling thickness: (a) Submerged under normal 

water, (b) Submerged under 3% NaCl solution. 

 

 
Figure 5: Change of density: (a) Submerged under normal 

water, (b) Submerged under 3% NaCl solution 

        

Hydrophilic property of jute fiber is the main cause of 

the swelling thickness of the composites. From figure 

4, the maximum percentage of swelling thickness was 

observed in the case of C type in the case of un-

laminated specimen, and D type when the specimen 

was submerged under NaCl solution. For the hybrid 

type F shows the minimum or nearly the minimum 

percentage of swelling thickness for both the cases 

because the glass fiber absorbs the epoxy solution and 

make a strong bonding between the jute fiber and the 

matrix so that the water can’t penetrate into the 

specimen. Among the P-R types composites where 

twill type fiber made by yarn was used, R has the 

minimum increasing tendency of the percentage of 

swelling thickness when un-laminated side edge of 

the specimen was used. 

 
Figure 6:SEM micrograph of fabricated composites, hybrid 

using twill type jute fiber woven mat (0°/90°): 

(a) P type, (b) Q type. 
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As the density is a function of mass and increases 

proportionally with it, the density increased by 

increasing the mass of the specimen due to the water 

absorption. Figure 5 shows the percentage of 

increasing the density due to the water absorption 

effect. From figure 5, it was found that for most of 

the cases, after 7 days the density starts decreasing 

when the specimens were submerged under water. 

Therefore, the rate of change of swelling thickness is 

more than the rate of change of water absorption.  

Figure 6 shows the SEM micrographs of hybrid 

composites using twill type jute fiber woven mat of 

0°/90° yarn orientation. From these micrographs it 

was clearly found that the interfacial bonding 

between the matrix and twill type matis weaker than 

that of composites made of woven jute fiber.  This is 

one of the major reasons of low tensile strength when 

twill type jute fiber mat was used to fabricate the 

composites. Also, as the tensile strength is higher 

when the fiber orientation is in the loading direction 

[10], the tensile strength of P, Q, R type specimen is 

lower than A and C type specimen. Figure 6(a) shows 

that one single yarn consists of a bundle of jute fibers. 

 

 
Figure 7: Results of composites and hybrids tensile test 

 

Figure 7 shows the result of tensile strength of 

various types of jute fiber reinforced laminated epoxy 

composites and hybrids, respectively. A series of test 

were carried out at room temperature to investigate 

the stress-strain. An enhanced tensile property was 

found when aluminum foil was incorporated in the 

woven jute fiber mats by hand loom(C type 

specimen) during the fabrication of the composite. 

Composites made of woven fiber mats by hand loom 

process where all the fiber is independent shows 

higher mechanical properties than that of composites 

made of twill type woven mats. A single yarn made 

of a bundle of fibers, and the diameter of each yarn is 

about 0.8 mm, the strength is lower, and from the 

SEM micrograph it was clearly found that the 

interfacing bonding between the yarn and resin-

hardener solution became weaker compared with A-F 

types of composite and hybrids, respectively. Figure 

1 shows the geometry of the specimen for the tensile 

and impact test. 

IV. CONCLUSION 

 

The main results obtained are as follows:  

(1) Jute fiber reinforced composites and hybrids has a 

tendency to absorb water from the environment. But 

due to the lamination during the fabrication process, 

the rate of moisture absorption is within a limit of 2% 

in most of the cases. Therefore, the physical 

appearance remains same as before. Also, rate of 

swelling thickness increases as the moisture 

absorption increases. 

(2) The increasing tendency of swelling thickness is 

higher compared with the corresponding increasing 

rate of moisture absorption. Therefore, density 

decreases with the increases of water absorption.  

(3) The inter laminar bonding between the fiber and 

matrix is stronger in the case of unidirectional woven 

cloth where each fiber is independent. On the other 

hand, the inter laminar bonding between the yarn type 

mat and resin become weaker. Therefore, tensile 

strength became lower in the case of twill type jute 

fiber mat. 
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