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1.0  Introduction 

Today, composite materials are being used to substitute 

aluminum in the aerospace industry. In a Boeing 787, the content 

ratios by weight are 50% composites, 20% aluminum alloys, 15% 

titanium, 10% steel and 5% other materials [1]. The use of 

composite materials for the Airbus A350 was reported to be even 

greater, at 52 percent of the total weight of the aircraft [1]. The 

electronic, physical and dynamic mechanical characteristics of these 

composites are measured to assess their suitability as new materials 

for different applications [2]. Light weight, elevated strength, 

impact resistance, vibration and thermal stability distinguish the 

materials used in the aerospace industry. An important activity has 

been the production of drone components. The electronic, physical, 

and dynamic mechanical characteristics of these composites are 

measured to assess their suitability as new materials for different 

applications [2]. The polymer storage module decreases with 

temperature, while the loss module and tan δ rise to the glass 

transition region (Tg). For fiber reinforced polymer composite 

materials, the temperature at which the loss module displays the 

limit is the transition of glass (Tg). Tg can be easily detected in DMA 

because it is related to a large shift in mechanical properties [3]. 

The properties of natural rubber allowed the fiber material to be 

blended with other materials, which created very low modulus, low 

damping and high strength. A requirement of an engine rubber 

mount beside the rigidity of the support structure, the strength and 

the design geometry are also needed to be considered [4]. 

In DMA measurement technique, different deformation modes 

are used such as three-point bending, single cantilever, dual 

cantilever, torsion, compression, shear and tension depending on the 

materials properties. For composite materials, the three-point 

bending configuration mode is mostly used because this 

configuration creates visible strains in rigid materials and prevents 

the combined loading induced by single/double cantilever mode [5]. 

Hameed et al [6] studied the morphology, dynamic mechanical 

and thermal characteristics of modified epoxy resin/glass fibre 

composites. Saha et al [7] investigated the dynamic mechanical 

properties of unidirectional glass fibre-PMMA composite laminates. 

Ghosh et al [10] studied the Dynamic Mechanical analysis of FRP 

composites based on different fibre reinforcements and epoxy resin 

as the matrix material. Nair et al [13] worked on evaluation of 

dynamic mechanical properties of natural fibre reinforced polymer 

composites [10, 11]. In the present study, the dynamic mechanical  
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ABSTRACT 

Natural fiber polymeric composite materials have been researched in many engineering 

fields in order to replace synthetic fiber composite materials and achieve improved 

performance when applied. Dynamic Mechanical Analysis (DMA), especially when 

viscoelastic parameters need to be studied, is one of the current methods used to evaluate 

composite properties. The research work involved the production of Jute reinforced 

Epoxy resin composites which can be used for many applications. Static mechanical 

properties such as tensile strength, flexural strength and impact strength and dynamic 

mechanical characteristics such as storage module, loss module and loss factor of these 

laminates were experimentally tested according to ASTM standards. As temperature 

rises, the composite storage and loss modulus decreases, while tan δ rises as the 

temperature increases. This gives the composite produced an edge to be used as body for 

aerospace application. 
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properties of Jute reinforced epoxy composites have been 

investigated. 

 

2.0  Materials and Methods 

2.1  Materials 

Jute fibers were obtained from the bast of the jute plant from a 

farm in Ikara local government area of Kaduna State. Analytical 

grade 95% pellet sodium hydroxide (NaOH) and 98.5 % 

permanganate potassium (KMnO4) used were obtained from the 

department of chemical engineering, Kaduna Polytechnic. 

 

2.2 Fiber Pretreatment  

Chemical Pretreatment using NaOH: Fibers were treated with 5 

% concentration of NaOH solution by maceration method for 24 

hours. This concentration would control the degree of swelling and 

the degree of lattice transformation into cellulose and removal of 

Hemicellulose, Lignin and pectins. 

Permanganate Treatment: Permanganate treatment leads to the 

radical formation of cellulose by the formation of MnO3+ ions [12]. 

This treatment improves on the mechanical properties and decreases 

the hydrophilic nature of the fiber. The pretreated jute fibers were 

treated with KMnO4 solution at a concentration of 0.05 %, 1 minute 

reaction time with a liquor ratio of 15:1. The treated fiber was then 

washed with deionized water to neutral pH. The treated fibers were 

dried by spreading in the tray dryer at a constant temperature of 40 

°C to remove solvent and moisture for 72 hours.  

 

2.3 Characterization of Fibre 

Water Absorption (ASTM: D 647) - Twenty-Four Hour 

Immersion: The conditioned fiber was placed in a distilled water jar 

at a temperature of 23.6 ° C and was made to rest on the edge and 

fully immersed. At the end of 24, + 1⁄2, − 0 h, the fiber was removed 

from the water one at a time, all surface water washed with a dry 

cloth, and weighed immediately to the nearest 0.001 g. 

Lignin content: Two grams of the extracted sample were placed 

in a conical flask and 15 ml of 72% sulphuric acid was applied. The 

mixture was then stirred continuously for two and a half hours at 25 
oC and 200 ml of distilled water was added to the mixture. The 

mixture was then heated and then cooled down after two hours. 

After 24 hours, the lignin was transferred to a crucible and washed 

with hot water daily until it became acid free. The collected lignin 

was then dried in a desiccator at 105 °C and weighed and cooled to 

room temperature. Until the weight was unchanged, the drying and 

weighing procedures were repeated. 

Holocellulose content: Three grams of air-dried jute fiber and 

160 ml of distilled water, 0.5 ml of glacial acetic acid and 1.5 g of 

sodium chloride were added and inserted in an Erlenmeyer flask. 

The flask was placed in a water bath and heated to 75 °C for an hour, 

and an additional 0.5 ml of glacial acetic acid and 1.5 g of sodium 

chloride were then added. The additions of acetic acid and sodium 

chloride were replicated two times per hour. The bottle was placed 

and cooled in an ice bath below 10 °C. The holocellulose was 

filtered and washed with acetone, ethanol and water respectively. 

The sample was then dried in oven at 105 °C before weighed. 

Cellulose content: Two grams of holocellulose were placed in 

a beaker and 10 ml of sodium hydroxide solution (17.5 %) was 

added. In order to be vigorously sprayed with sodium hydroxide 

solution, the fibers were agitated using glass rods. The sodium 

hydroxide solution was then added to the mixture on a continuous 

basis for half an hour (once every five minutes) and the mixture 

temperature was then held at 20 °C. Approximately 33 ml of 

distilled water was used and held in the beaker for an hour. The 

residue of holocellulose was filtered and transferred to the crucible 

and washed consecutively with 100 ml of sodium hydroxide (8.3 

%), 200 ml of distilled water, 15 ml of acetic acid (10 %) and again 

with water. The crucible was dried and alpha-cellulose-weighed. 

Hemicellulose content: The content of hemicelluloses of flax fibre 

was calculated from equation 1. 

 

𝐻𝑒𝑚𝑖𝑐𝑒𝑙𝑙𝑢𝑙𝑜𝑠𝑒 = 𝐻𝑜𝑙𝑜𝑐𝑒𝑙𝑙𝑢𝑙𝑜𝑠𝑒 − 𝐶𝑒𝑙𝑙𝑢𝑙𝑜𝑠𝑒𝑠  (1) 

 

2.4 Processing of Composites by hand laying method 

Different fiber loadings were generated with the composites; 

from 0% to 40% tagged as 0P, 1P, 2P, 3P and 4P, respectively. 

Initially, using a mixer in a bowl, the resin was separately mixed 

with the hardener. For the matrix materials, a portion of 70 % of the 

resin matrix and 30 % of the hardener by volume was prepared. The 

mixture was poured to almost half filled into the mold with little of 

the prepared matrix, and afterwards the fiber mat was put on the 

matrix, covered with more matrices to fill the mold. The mold was 

then placed under a compressive machine and then compressed at 

25 psia with the material. The composites were then held for 24 

hours at room temperature and then placed for healing in an oven 

for 8 hours at 80 °C. 

 

2.5 Determination of Dynamic Mechanical Analysis 

Dynamic Mechanical Analysis (DMA) was performed using 

the DMA 242E unit. Using Proteus software, the test parameters 

were first configured using a computer. The sample holder (3-point 

bending), the temperature of the furnace (20 - 150 °C range), the 

thermocouple of the furnace and the mode of measurement 

(dynamic load at ± 4 N, frequency range 1-10 Hz and heating rate 5 

K/min) were included in the instruments set up, as shown in Figure 

1 were configured. The sample specimens were loaded onto the 

device with a three-point-bending sample holder and later locked in 
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the furnace. The storage, loss modulus and damping factor of the 

composites were computed. 

 

 

 
Figure 1. DMA setup [5] 

 

 

2.6 DMA Measurements 

The samples were loaded on to the machine using a three-point-

bending sample holder and then locked into the furnace. The 

storage, loss modulus and damping factor of the composite were 

computed to ascertain the dynamic mechanical properties of the 

composites produced. Measurements were made on molded 

specimens with dimensions of 20 × 6 × 5 mm in a three-point 

bending mode. Storage (E0) and loss moduli (damping parameter) 

(E00), tan δ (E00 / E0) were measured in the temperature range -85 

to 300 oC.  

 

3.0 Results and Discussion 

Alpha-cellulose, hemicellulose and lignin compose the 

chemical composition of the jute fiber. Other constituents of the 

sample include wax and pectin. The physicochemical properties of 

natural fiber depend largely on the chemical composition of the 

fiber, and this composition of the fiber greatly influences the 

properties of Natural fiber composites [14]. Table 1 indicates the 

chemical composition of Jute fiber. It is evident from the fiber 

composition that alpha-cellulose (57.40 %), hemicellulose (18.91 

%) and lignin are the main constituents (14.42 %). Other 

constituents are minute and thus have less impact on the structure of 

the fiber. After the treatment the level of the hemicellulose, Lignin 

and ash reduced while that of the Cellulose increased. This showed 

that the treatment was effective. 

 

Table 1. Chemical Properties of the Untreated Jute Fibre 

S/N Name Untreated 

Jute Fiber 

KMnO4 Treated 

Jute Fiber 

1 Cellulose (%) 57.40 73.20 

2 Hemicellulose (%) 18.91 8.91 

3 Lignin (%) 14.42 4.42  

4 Ash (%) 0.936 0.910 

 

The mechanical properties of the Untreated and Permanganate 

treated Jute fiber were determined experimentally and shown in 

Table 2. The test results indicated significant improvement on the 

fiber properties, as the Tensile strength improved from 370.691 to 

1391.98 N/mm2, density from 1.81 to 1.196 g/ml, Elastic modulus 

from 26.162 to 37.57 GPa and Elongation at break from 1.237 to 

0.867 %, indicating an effective treatment with the permanganate. 

 

Table 2. Mechanical Properties of the Untreated Jute Fiber 

S/N Name Untreated 

Jute Fiber 

Treated 

Jute 

Fiber 

1 Density (g/cm3) 1.81 1.196 

2 Tensile Strength (MPa) 370.691 1391.98 

3 Elastic Modulus (GPa) 26.162 37.57 

4 Elongation at break (%) 1.237 0.867 

5 Water Absorption (%) 18.33 1.896 
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3.1 FT-IR analysis of Jute fiber  

From the FT-IR analysis shown in Figure 2, the peak around 

1734 cm-1 is specific to Untreated and NaOH Treated which is 

assigned to C=O stretching in hemicellulose. Moreover, the peak 

specific to the three samples at 1507 cm-1 is assigned to aromatic 

skeleton vibrations of lignin which has reduced drastically in NaOH 

+ KMnO4 treated. The peaks observed for NaOH + KMnO4 treated 

and NaOH treated at around 1460 cm-1 and 1420 cm-1 are assigned 

to CH deformation in lignin. These results prove that the constituent 

of NaOH + KMnO4 treated is cellulose but NaOH treated and 

Untreated contains cellulose, lignin and hemicellulose in their 

chemical structure. 

 

 

 
Figure 2. FT-IR Image of Untreated, NaOH Treated and Jute Fiber NaOH + KMnO4 Treated Fiber 

 

3.2 SEM analysis of Jute fiber  

SEM images of KMnO4 + NaOH treated Jute fiber after NaOH 

treatments are shown in Figure 3. As compared to NaOH treated, the 

cellulose nature of fiber filament is clearly exposed in permanganate 

treated fiber, suggesting that the fiber surface is more roughened.  

 

The picture clearly displayed the removal of the wax, hemicellulose 

and lignin protective layer, leaving the surface free of cleaning and 

rougher. 

 

 

 

 

 
           1: Untreated Fiber                      2: NaOH Treated Fiber                 3: NaOH + KMnO4 Treated Fiber 

 

Figure 3. SEM Image of Jute Fiber. 

 



 

  

TARABA JOURNAL OF ENGINEERING AND TECHNOLOGY 

(TAJET), FACULTY OF ENGINEERING, TARABA STATE 

UNIVERSITY, JALINGO. WWW.TAJET.COM.NG. ISSN: PRINT- 

2636 7386;E-2659 1278 

28 

 

Kabir et al, Dynamic Analysis of Epoxy Reinforced Jute Composites, TAJET 

2(2), August 2022: 24-30 

 

 

Effect of Temperature and Fiber Loading on Storage Modulus 

was studied, from the composite polymer materials' storage modulus 

(E'), which indicated how stiffer materials are. Just in Figure 4, the 

difference in the composites' storage modulus is shown below, with 

an increase in the matrix's particle material. With an improvement 

in fiber weight percentages, with a large increase in 4P, the storage 

modules of the composites were found to increase. In view of the 

increase, stability was only noted for an increase in temperature at 

just 3P. This was because the increase above 3P had reached the 

fiber's matrix saturation process. 3P is the ideal layer that stiffens 

the composite and provides a stronger modulus of storage. Seth et 

al. [8], working on the analysis of reinforced Doum Palm shell 

fragments of composite polypropylene, had previously reported 

similar types of findings. The higher the particle, the more the 

composite is rigid. According to Kamini and Maiti [5], the E values 

of HDPE and the HDPE / Teak wood flour composites decrease with 

temperature rise in the temperature range, which can be due to easier 

thermal movement of the polymer side chain segments because of 

the increase in thermal energy. The higher the particle, the more 

composite is durable.  

 

 
Figure 4. Storage Modulus of the various Composite 

 

On the other hand, the storage modulus, as shown in Figure 4, 

was found to increase with an increase in temperature. As the 

temperature above the transition temperature of the Tg glass 

increases, the composite state changes from solid to rubbery. The 

storage modulus values of all composites become much lower in this 

rubbery region as the resin matrix loses its stability. Increases in 

molecular mobility can be due to rising temperatures following 

polymeric composite softening [16]. The E 'value is directly 

proportional to the adhesion between the fibers and the matrix. This 

reality demonstrates that Jute reinforced composite at 3P has shown 

better interface bonding compared to other fiber loading composites. 

By comparison, the Tidy composite had its lowest value. This is 

because particles, at high temperatures, do not add much to the 

materials. 

Loss module is defined as a measure of dissipated heat energy per 

cycle. It indicates the viscous reaction in the composites for the 

materials that rely on the motion of polymeric molecules. Figure 5 

indicates the variation of the loss modulus of the different 

composites of temperature. The glass transition temperature Tg of 

the polymer resin is determined from the peak of the loss modulus 

curve. From Figure 4, the effect of loading the Jute fiber on the 

composite loss modulus was shown. At the glass transition 

temperature of Tg of the device, the highest composite laminate loss 

module occurs. The transition peak occurs at 75, 78, and 82 °C for 

the 2, 1, and 4P composites, but in the 3P composite, the transition 

peak has moved to 87 °C. The increase in Tg is due to the 

immobilization of the polymer molecules on the surface of the fibre 

[17]. Thus the advent of carbon fiber has pushed the transition peak 

to a higher temperature and the E 'value of the corresponding Tg is 

greatly improved. 

 

 
 

Figure 5. Loss Modulus of the various Composite 

 

The loss module decreases with an improvement in fiber 

content, but the neat one appears to decrease as well. The 3P 

reinforcement had the lowest decrease, which means that the 

integration of the fiber shell particle into the matrix decreases the 

matrix's mobility, enhances the failure module of the composites and 

increases thermal stability. Jawad et al. [12] (also mentioned in 

earlier research that Tg plays an important role in fiber 

reinforcement. However, as shown in Figure 5, the loss modulus of 

the composites decreases with increasing temperature. This is 

because the polymer’s molecular mobility increases as the 

temperature increases.  

It is possible to use Tan δ, the damping factor, to measure the 

capacity of the material for energy dissipation and absorption. 

Damping is the ratio of the loss module and the storage module 
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related to the impact resistance of the materials. Gupta et al. [18] 

said in a polymeric structure, this offers a balance between the 

elastic and viscous phases. It also relies on adhesion of fibers and 

matrix, and ample reinforcement could give more impact strength to 

composites than those of their parent matrix. Fiber also retains a lot 

of tension and higher damping values mean that the interface has 

been stressed by the resin. This caused the energy dissipation to 

occur at the stronger interface due to less energy dissipation by Aji 

et al [19]. Low fiber-matrix adhesion is associated with higher 

damping and vice versa, Gupta et al [18]. As strong adhesion to the 

fibre matrix may decrease the mobility of the polymer chain, which 

in turn decreases damping, this reality can be clarified. 

 Figure 6 shows an improvement in the damping factor with a 

decrease in fiber filling, with a better decrease noted at 3P. With the 

rise in temperature, the loss factor is observed from the plot to 

increase; it reaches the maximum level in the transition region and 

then starts to decrease in the rubber region. By giving the damping 

factor a lower value, the introduction of particles into the matrix 

reduces the mobility of the polymer. As temperature increases, Tan 

δ indicates that the material's viscoelastic property increases. In the 

frozen state, the chain segments present in the resin are below glass 

transition temperature Tg, resulting in low Tan δ values in all 

laminates. In the transition region, which activates high Tan δ 

values, resin molecules achieve high mobility [19]. This gives a 

better result, compare to what was gotten by Seth et al [4] on Effects 

of Particle Size and Loading on Tensile and Flexural Properties of 

Polypropylene Reinforced Doum Palm Shell Particles Composites. 

This showed that epoxy has a better mechanical properties compare 

to polyester resin. 

 

 

 
 

Figure 5. Damping factor (Tan δ) of the various Composite 

 

 

Conclusion 

The Dynamic Mechanical properties of the Epoxy-reinforced Jute 

fiber composite investigated showed that the Jute fiber had a greater 

effect on the properties of the composite. The storage and loss 

modulus of the composite decreases with increasing temperatures 

and this facilitates internal damping. The 3P composite works better 

than other structures of laminate. The DMA study shows that the 

increased modulus, along with the decrease in tan δ values, was due 

to the good interaction between the polymer and Jute fiber, which 

increases the rigidity and resists any internal mobility of the polymer 

chains, thus providing better thermal stability for the composites. 

This gives the product an edge in aerospace, automobile, and 

ballistic application. 
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