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Abstract: The quest for light weight and high strength materials, the polymer composites are an important member in the application 
of light structure. Because of their high strength-to-weight and stiffness-to-weight ratios, they are extensively used for a wide variety 
of structural applications as in aerospace, automotive, medical science and marine industries. In this paper the mechanical behavior 
of jute fiber-aluminum (Al) powder polymer composite has been investigated experimentally. The materials selected for the studies 
were jute fibres and aluminum powder as the reinforcement and epoxy resin as the matrix. The hand lay-out technique was used to 
fabricate these composites. Composite plates were prepared by incorporating jute fiber and aluminum powder at 8 and 16 volume 
percent in epoxy matrix. Results showed that the overall tensile strength, impact property, hardness, Young modulus and comparison 
of strength of hybrid composites (reinforced by both powder and fiber) is higher than other single reinforced composites. By 
incorporation of natural fibers and metal powder into the polymer, the mechanical properties almost enhanced to greater extent. It can 
thus be inferred that jute fiber and Al powder can be a very potential candidate in making of composites for low load bearing 
applications. 
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1. Introduction 

The quest for light weight and high strength 

materials, the polymer composites are an important 

member in the application of light structure. Because 

of their high strength-to-weight and 

stiffness-to-weight ratios, they are extensively used 

for a wide variety of structural applications as in 

aerospace, automotive and marine industries. The 

fibers used are usually of glass, aramid or carbon. In 

particular, carbon and aramid fibers are usually used 

for high performance composites due to their 

properties and cost, while glass fibers are used for 

large volume production composites due to the good 

compromise between low cost and good performance 

[1-4]. Due to so many advantages, they are widely 

used in aerospace industry, mechanical engineering 

applications (internal combustion engines, thermal 

control, machine components), electronic packaging, 

automobile, and aircraft structures and mechanical 

components (brakes, drive shafts, tanks, flywheels, 

and pressure vessels), process industries equipment 

requiring resistance to high-temperature corrosion and 

production, marine structures, sports, leisure 

equipment and biomedical devices [5-10]. Narayana 

Murty et al. [5] studied the hot working characteristics 

of SiC and Al2O3 particulate reinforced polymer 

matrix composites. They proposed from productivity 

viewpoint that a high strain rate region in which high 

values of mass and efficiency are present should be 

selected for bulk working operations and the lower 

strain rate regions for secondary polymer working 
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operations. Park et al. [11] investigated the effect of 

Al2O3 in Aluminum for volume fractions varying 

from 5-30% and found that the increase in volume 

fraction of Al2O3 decreased the fracture toughness of 

the MMC. This is due to decrease in inter-particle 

spacing between nucleated micro voids. Jawaid et al. 

[12] conducted experiment on effect of jute fiber 

loading on tensile and dynamic mechanical properties 

of oil palm composites. They have identified that the 

tensile properties of jute oil palm fiber hybrid 

composites are increased substantially with increasing 

the content of jute fibers loading as compared to oil 

palm epoxy composites. Reinforcing glass fiber into 

the sisal polypropylene composites enhanced tensile 

and flexural properties without any effect on tensile 

and flexural module. In addition to this, adding sisal 

fiber with glass fiber improves thermal properties and 

water resistance of the hybrid composites [13]. Saiful 

et al. [14] Studied on the mechanical properties of 

woven jute fabric reinforced poly (L-lactic acid) 

composites. Mechanical tests were conducted on 

woven and non-woven jute fabric reinforced PLLA 

based composites. Woven structure exhibited excellent 

mechanical behavior like tensile, flexural, and impact 

loadings compared to non-woven composite. Tensile, 

flexural, and impact strengths of WJF/PLLA composite 

were found higher at warp direction than weft direction. 

Tao et al. [15] investigated the tensile properties of 

natural fiber/PLA composites with short jute and 

ramie as reinforcement. The fiber loading of jute-PLA 

and ramie-PLA composites were varied from 10-50%. 

It was found that the tensile strength of composites 

increased up to 30% fiber content and after that it 

decreased. To this end, the present research work is 

undertaken to develop a new class of jute fiber based 

polymer composite filled with Al powder and their 

mechanical performances have been investigated. 

2. Materials and Methods 

2.1 Materials 

In this study, jute fiber and Aluminum powder were 

used as reinforcement and the epoxy resin (ADR 246 

TX) was used as the matrix, shown in Fig. 1. Hardener 

ADH 160 and Methyl Ethyl Ketone Peroxide 

(MEPOXE) were used to improve the interfacial 

adhesion and impart strength to the composites. The 

hardener and resin were purchased from a chemical 

company. A resin and hardener mixture of 2:1 was 

used to obtain optimum matrix composition. 

2.2 Fabrication Procedure 

To determine the mechanical performances at first 

the raw materials for our experiment jute fibres and 

aluminum powder were collected. The jute fibers were 

prepared by washing and drying it and cutting it like 

10mm-12mm. There are many techniques available in 

industries for manufacturing of composites such as 

compression molding, vacuum molding and resin 

transfer molding. The hand lay-up process of 

manufacturing is one of the simplest and easiest 

methods for manufacturing composites. Therefore, in 

this study, the composites were manufactured by the 

hand lay-up process, where the sand molds were 

prepared previously with the dimension 120 mm × 75 

mm × 60 mm and we have taken the various volume 

percentage  (8%  and  16%)  of  the  jute  fibres  and 
 

 
Fig. 1  Jute fiber, Al powder, epoxy resin and hardener. 
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aluminum powder. After fabrication the composites 

were cured 48-72 hours. The fabricated composite 

were cut using a grinding machine to obtain the 

dimensions of the specimen for static testing as per the 

ASTM D3039 standards. Samples for the static and 

fatigue test with the dimensions of 120 mm × 20 mm 

× 4 mm were prepared. To summarize the whole 

methodology the flow diagram is shown in Fig. 2 

Material processing step is shown in Fig. 3 and the 

schematic diagram of test specimens is presented in 

Fig. 4. 

2.3 Composition of the Polymer Composites 

For the determination of the mechanical 

performances we used 8% and 16% volume 

percentage of Aluminum powder, jute fibres and Al 

powder  &  jute  fibres  of  the  polymer  composites. 
 

 
Fig. 2  Fabrication process flow chart. 

Different types of percentage and number of samples 

are shown in the below Table 1. 

2.4 Experimental Procedure 

  The tensile test was performed UTM (universal 

testing machine) equipped with the maximum capacity 

of the load cell at 3 KN. The tensile tests were 

conducted with a displacement rate 2 mm/min. The 

specimens were placed in the grip of the tensile testing 

machine and the test was performed by applying 

tension  until  failure  at  room  temperature.  The 
 

 
Fig. 3  Processing of the materials. 
 

 
Fig. 4  The schematic diagram of test specimens. 
 

Table 1  Percentage (volume) of the composites and 
number of sample. 

Compositions of Number of sample 

8% (volume) 

composites 

16% (volume)

composites 

Epoxy resin, hardener and Al 

Powder 

03 03 

Epoxy resin, hardener and fibres 03 03 

Epoxy resin, hardener and Al 

powder 50% & jute-fibres 50% 

03 03 
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corresponding load and strain obtained were plotted 

on the graphs. The strength was calculated from the 

maximum. . Impact testing was carried out on Tinius 

Olsen machine as per procedure mentioned in ASTM 

D256. Composite specimens were placed in vertical 

position (Izod Test) and hammer was released to make 

impact on specimen and CRT reader gives the reading 

of impact strength. Rockwell hardness test were 

conducted by a Rockwell hardness testing machine.  

All experimental tests were repeated four times to 

generate the data. 

3. Experimental Results and Discussion 

3.1 Tensile Test 

The different composite specimen samples are 

tested in the UTM (universal testing machine) and the 

samples are left to break till the ultimate tensile 

strength occurs. Experimental results of tensile test of 

various composites with different weight fractions of 

reinforcement are presented in Table 2 and Fig. 5. The 

curves show the brittleness and ductile nature of the 

composites. Based on the curves, it was observed that 

the  elongation  at  the  break  of  Al  powder  composite 
 

 
Fig. 5  Stress vs. displacement curve for different 
composites. 

 

Table 2  Tensile and impact test results. 

Sample 

No. 

% (Volume) of the reinforcement Tensile strength

(MPa) 

Impact 

strength (J/m2)

Hardness 

number 

Strain Young 

Modulus (MPa)

 Al powder Jute fiber Fiber + powder Epoxy resin      

01 8 0 0 92 37.76 63.13 6.2 0.430 27.02 

02 8 0 0 92 35.85 58.63 5.7 0.366 27.62 

03 8 0 0 92 38.43 66.85 7.2 0.233 46.86 

04 0 8 0 92 58.47 103.23 8.7 0.419 27.37 

05 0 8 0 92 56.38 123.91 9.4 0.350 29.66 

06 0 8 0 92 57.93 117.69 9.1 0.360 27.58 

07 0 0 4+4 92 97.81 137.17 10.5 0.413 45.54 

08 0 0 4+4 92 98.41 156.03 11.6 0.466 41.65 

09 0 0 4+4 92 96.17 151.39 10.9 0.400 40.42 

10 16 0 0 84 46.72 80.03 7.6 0.333 29.19 

11 16 0 0 84 48.14 96.98 8.1 0.216 42.31 

12 16 0 0 84 49.55 89.32 8.0 0.240 53.19 

13 0 16 0 84 75.47 170.01 13.6 0.272 53.19 

14 0 16 0 84 73.68 185.39 14.5 0.366 34.64 

15 0 16 0 84 75.96 190.05 15.2 0.372 42.90 

16 0 0 8+8 84 110.35 198.73 16.5 0.500 34.70 

17 0 0 8+8 84 107.30 203.51 17.1 0.380 40.26 

18 0 0 8+8 84 109.64 221.38 18.3 0.375 41.71 
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samples is lesser than the other samples. These results 

indicate that addition of Al powder the composite 

become brittle due to the high stiffness of Al powder. 

On the other hand elongation at the break of jute 

fiber reinforced composite sample is higher than other 

samples. This is happened due to the low stiffness of 

jute fiber. Comparison results of tensile strength for 

different composites are shown in Fig. 6. The results 

show that the overall tensile strength of hybrid 

composites (reinforced by both powder and fiber) is 

higher (around 100 MPa) than other single reinforced. 

The average tensile strength is found to be higher, 

108.3 MPa for composites with 8% jute + 8% Al 

powder composite. The lowest tensile strength was 

observed in 8% Al composite with the strength of 39.5 

MPa. When 50% of Al powder of total reinforcements 

is added to support the Jute fiber, the tensile strength 

is increased about 30% to 40% compare to the single 

Jute fiber composites and increased about 50% to 60% 

when compare to the single powder composites. 

However, single jute fiber reinforced composites 

showed better strength results compare to the single 

Al powder composites. For analyzing the impact 

capability of the different specimens an impact test is 

carried out by Charpy impact test. The energy loss is 

found out on the reading obtained from the Charpy 

impact machine. Experimental results of impact 

testing of various composites with different weight 

fractions of reinforcement are presented in Table 2 

and the comparison results are presented in Fig. 7. The 

results indicated that the maximum impact strength is 

obtained for hybrid composites followed by jute fiber 
 

 
Fig. 6  Comparison of tensile strength for different 
composites. 

or Al powder composites. However, Al powder 

reinforced composites exhibit low performance of 

impact property compared to other composites. 

Incorporate of Al powder into epoxy resin the overall 

brittleness of material increases and impact strength 

decreases. 

3.2 Hardness and Yong Modulus 

The results of Hardness and Young modulus are 

presented in Table 2 and comparison results are 

presented in Fig. 8. Experimental results shows that 

maximum hardness number is obtained for hybrid 

(both jute fiber and Al powder reinforcement) 

composites followed by single jute fiber or single Al 

powder composites. Hybrid composite exhibits higher 

elastic modulus compared with others composites. 

4. Conclusions 

In this study, fabrication and mechanical 

performances  of  jute  fiber  and  Al  powder  reinforced 
 

 
Fig. 7  Comparison results of impact strength for different 
composites. 
 

 
Fig. 8  Comparison results of hardness for different 
composites. 



Evaluation of Mechanical Behavior of Jute Fibre-Aluminum Powder  
Reinforced Hybrid Polymer Composites 

 

207

hybrid polymer composites was investigated. Results 

showed that the overall tensile strength, impact 

property, hardness and Young modulus of hybrid 

composites (reinforced by both powder and fiber) is 

higher (around 100 MPa) than other single reinforced 

composites. By incorporation of natural fibers and 

metal powder into the polymer, the mechanical 

properties almost enhanced to greater extent. It can 

thus be inferred that jute fiber and Al powder can be a 

very potential candidate in making of composites, 

especially for partial replacement of high-cost glass 

fibers for low load bearing applications. 
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