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Abstract 
 
The mechanical and physical properties of jute-carbon composites filled with 
fly ash filler were investigated. Spherical shaped fly ash Nano filler particles 
with relatively smooth surfaces having average particle density of 2.17 g/cc 
and its chemical composition involved Aluminum oxide (27-33%), Silicon 
dioxide (55-65%) & ferric oxide (6%) was used. Filler loadings of 5 wt% 
were used in compounding the composites and finally, composite sheets were 
prepared. The physical and mechanical properties of various jute-carbon 
compositions with and without incorporating filler were found out. The 
results from experiments showed that fly ash filler improved the Void 
fraction, tensile strength, hardness, and impact strength, of composites. These 
tensile properties were seen to increase with filler incorporation up to 5 wt% 
and reach maximum to 61 Mpa. Highest Impact strength and hardness were 
obtained at 5 wt% are 75 HRB and 2.2 J respectively. However, the Void 
fraction was found to decrease with filler loading. Finally, It is concluded 
that fly ash filler powder is best for the preparation of composites in 
manufacturing.  
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1 Introduction 
 

As of late, regular fiber-strengthened polymeric composites have been 
utilized extensively at numerous practices because of their easy accessibility 
of sources, economical, light weight, high specific modulus, not poisonous & 
pollution & contamination free. These materials offer a few advantages, for 
example, diminished environmental contamination as they can be reused or 
degrades without any problem[4]. Strangely a few sorts of normal strands are 
plentifully accessible, for example, jute, pineapple, sisal, bananas, flax, and 
rice husk, and so forth. Actually serious issues related to the utilization of the 
natural fibers with composite production less wettability and more water 
vapor getting capacity. In fiber-reinforced composites, separation of layers 
because of low moisture retention reduces the interfacial bond strength and 
as a result, there is a reduction in strength properties of the composite.  

To understand, imperfections by moisture, the arrangement of 
reinforcement with fillers have an advantage in expressions of property 
increases and utilize [2,7]. Same as other natural fibers, jute fibers are 
likewise dialect cellulosic with low wax, and are hygroscopic and 
hydrophilic[10]. Jute fibers have numerous preferences, for example, 
economical, eco-friendly, and moderate mechanical properties that improve 
the good option of synthetic fiber in numerous productions.  

Few researchers explored strength, & density properties of epoxy-based 
composite utilizing bidirectional jute fiber. The hand lay-up technique[3] is 
used to prepare composite with various fiber stacking (with increments of 12 
times each time wt. %). The raise in mechanical properties is because of 
increase in jute fiber stacking into the epoxy matrix may be clarified by the 
best possible transmission of stress from the epoxy matrix to jute fibers[1]. 
The properties at polyester-based composites utilizing jute fabric as  
reinforcement. The composites were produced by hand lay-up technique by 
keeping uniform 45 vol. % of fibers. The Tensile, impact, and flexural 
properties of composites are calculated. That was seen the longitudinal 
tensile properties of composites are discovered improved by 5 times when 
correlated with polyester resin and 2 times when correlated with transverse 
elastic properties in composites. The flexural properties in the composite 
were discovered raised by roughly 2 times when correlated with polyester 
gum while a huge upgrade in impact properties of polyester resin is seen 
because of the reinforcement of jute fabric. Jute fiber is being utilized in 
assembling of sacks, hessian fabric, floor covering carpets and twines ropes, 
cover backing, bundling material (packs) and ropes though jute fiber 
strengthened polymer composite is being utilized in sports (protective caps, 
chest watches, leg monitors), enriching materials (divider design), sterile 
things (piece, ring sleuth), seats and tables, rooftop tiles and kitchen sinks, 
essential basic application (indoor components in lodging), transitory open- 
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air application (minimal effort lodging for guard) and transportation (car 
entryway/ceiling board and board isolating the motor and traveler 
compartment). Jute fiber reinforced polymer composites are additionally 
used as covering modern structures, the material of the private house, and 
business structures[15]. Carbon fiber is suitable reinforcement material due 
to its properties, including high strength and toughness and high modulus. 
Lightweight is one of the most significant properties of carbon composites. It 
is evaluated that the utilization of carbon fiber composites as basic parts of a 
vehicle could yield a weight decrease of 40-60% [11]. Carbon fiber 
composites have application streams where higher mechanical properties are 
required, for example, car and airplane industries, Marine vehicles, satellites 
and assemblies of spaceships,Fly ash, a useless secondary product created 
very much in factories and thermal plants, is an empty small scale fired 
product. Fly ash comprises inorganic particles present in the coal that has 
been fired during coal burning. It is basically made out of SiO2 and Al2O3. 
Over the last few years, the usage of fly ash as an added substance part in 
metal matrix composites has got good consideration among researchers. 
Profoundly improvement is to a great extent because of the numerous 
advantages of fly ash, like, low density, strong dispersion, magnificent 
smoothness, and great processibility of the filled materials. Fly ash has been 
utilized as a filler to raise the properties of aluminum, polyester, epoxy, 
polyurethane, and different rubbers. Besides, a useless secondary product, its 
utilization diminishes the general expense of the composites [14]. The 
objective selected in the project to investigate both mechanical properties 
that couldn't acquire from tensile testing measurement and for the cause of a 
rise in temperature on the properties of jute and carbon fibers that are 
potential reinforced composite. 
 

2 Experimental Details 
 

2.1 Materials 
 

Epoxy resin (LY-556) with a density of 1.16 g/cc was obtained from 
Dynostat.pvt.ltd, Hyderabad utilized as the main material in the matrix 
material. Hardener HY951 was used. Jute fiber (JF) produced from local 
sources was used as a reinforcing agent with 1.4 g/cc density and thermal 
conductivity 0.150 N/m-K. Carbon fiber (CF) procured from 
Dynostat.pvt.ltd; Hyderabad was also used as a reinforcing agent in the 
material matrix with a density of 1.81 g/cc and with zero thermal 
conductivity. Fly ash Nano fillers were collected from the cement industry in 
Vizag and ground into Nanoparticles using planetary ball milling.  
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The nanoparticle size of fly ash fillers utilized in the practical 74 

microns, the different shapes, and sizes of the same was observed by 
Scanning Electron Microscope analysis. The fly ash nanofiller particles are 
primarily ball-shaped with moderately smooth surfaces with average element 
density of 2.17 g/cc and their chemical composition being Al2O3(27-33%), 
SiO2 (55-65%) & Fe2O3(6%) [10] [5].  
 

2.2 Material Preparation 
 

The jute fibers made from moisture-free in daylight to take off moisture 
before composite preparation to make a sure better way in blending of the 
fibers in the matrix were chop into a fiber range of a 6 mm manually. Prior to 
being constituted of the ingredients: epoxy resin (LY-556), hardener 
(HY951), jute fiber, carbon fiber and fly ash nanofiller was kept ready with 
design mix proportions in weight percentage. Jute fiber, carbon fiber with 
and without Filler at different weight percentages was compounded to 
fabricate composite by using land lay-up method.  

The staking sequence of FRP was taken as Pure Jute, Pure Carbon, Jute-
Carbon-Carbon-Jute, Jute-Carbon-Jute-Carbon, Carbon-Jute-Jute Carbon and 
Carbon-Jute-Carbon-Jute [16] with and without 5% Nano filler material of 
fly ash as shown in table 2. The resin and hardener mixture is taken in the 
ratio of 10:1 is spilled for every layer. Polyvinyl alcohol was used as a 
releasing agent applied to the cleaned mold. The woven roving is then 
entirely filled with epoxy resin made to evacuate the trapped air and to 
equally spread the blend [9]. Similarly, all the four layers are built one over 
the other and set to post-curing for 1 day at normal temperature. 
 

3 Testing of Composites 
 

The objective of the study is to contrast the materialistic properties of 
pure jute, pure carbon composite, and combinations of both with and without 
filler as shown in the above table 1. Properties considered are density, void 
fractions, tensile strength, hardness and impact strength of the composites to 
be valued [16]with and fabricated. 
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Table 1: Staking sequence of various samples  

 
 

3.1 Density 
 

The degree of compactness of the matrix in composites would get in 
words of weight fractions of constitutes is shown in the expression[1][12]. 

 
  

 
 
 
 
 
 

 
3.2 Volume Fraction of Voids 
 

The volume fraction of voids [13](△V) in the matrix is measured from 
the theoretical density (Pct) and experimental density of composite (Pex) 
fabricated obtained by water immersion technique. 
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3.3 Tensile Test 
 

The tensile test is done on an ASTM-D-638 UTM test as shown in figure 
1 standard with Universal load applied at both ends. The length 
measurements of the test specimens were taken as per ISO-14125 of 60 mm 
*15mm*2mm and cut from the composite plate as shown in figure2&3. 

The specimen is loaded on the UTM to bring out the breakage of fiber 
tensile properties were obtained and recorded. The obtained load and strain 
are plotted on the graphs. 
  
  
 
 
 
 
 
 

 

 

 

 

Figure 1: Diagram of tensile test specimen 

 

 
 

 

 

 

 

 

 

 

 

Figure 2: Standard dimensions of tensile test specimen [8]. 

 

 
 

Figure 3: Tensile test specimen 
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3.4 Hardness Test 
 

Hardness calculation is done utilizing Rockwell hardness test equipment 
shown in figure 4 with a steel ball indenter. The Rockwell Hardness 
equipment was utilized for investigation of hardness with L-scale and M-
scale having ¼ inch ball indenter. The indenter is penetrated into the test 
material of 50*50*10 mm under a basic minor load. Higher the hardness 
number lowers the temperature. The Rockwell Hardness test has 
experimented for different samples and values are tabulated. 

 
Rockwell Hardness Number (RHN) =E-e 

Where E = Constant of 100 for (diamond) or 130 units for (steel ball) 
indenter. 
e = penetration depth in units of 0.002mm 
 

For the given specimens with a smooth surface is placed on the plot from 
centrally. The anvil is raised till the indenter above it comes in to contact 
with the specimen. In this test when the load is gradually applied to the 
specimen the pointer on the dial is slowly released. When the pointer has 
come to the final reading and remains constant, the major load is released 
and the readings are noted and indicated as Rockwell’s hardness number. 
 
 
  

 

 

 

 

 

 

 

 

 

Figure 4: Hardness Testing Specimen 

 

3.5  Impact Strength 
 

Composite specimens were cut to necessary size  utilizing IS (Charpy ) 
standards.  Using the impact equipment (MT-3016, pendulum type, 
Germany) the notch with 2.54 mm in depth, an angle of 45°, and a tip 
curvature radius of 0.25mm was selected[6].The dimension of the specimens 
with a cross-section of 12.1 mm2 and a length of 64 mm. The measuring 
equipment directly displays the obtained energy absorbed in breaking the 
specimen in a digitalized panel. 
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4  Results and Discussions 
 

Table 2 was reported with experimental density, theoretical density, and 
void fraction. The mechanical properties of the composites will be affected 
by the presence of voids. The void formation in the composites can happen 
because of air caught while producing the resin system and wetness 
absorption while processing of composite specimens take place. A greater 
void presence in the specimens exhibits that resin didn’t completely 
encompass the fibers & results in not stronger interfacial quality of strength 
which results in decreases the quality & toughness of composites, As per  
Table 1 it is discovered that pure epoxy has the lower  voids, by adding 5 wt. 
% fly ash filler the void content decreases. The minimum void fraction 
observed from specimen CJJC+ 5 wt. % and maximum in JCJC specimen. 
 
Table 2: Comparison between Experimental density and   Theoretical density  

 
 

Table 3 and figure 5 shows the variation of the hardness of jute-carbon 
composite with and without filler loading. Here from the obtained values 
hardness of the fly ash filled samples higher than the unfilled samples. This 
is due to hardness is a component of relative fiber volume and modulus [8]. 
The estimated value of hardness 12 & 72 HRB is obtained from pure Jute & 
carbon samples respectively without filler and the value increases by adding 
5% filler material flyash to 16 & 75 HRB respectively.The surface hardness 
value increments by the filling of 5 wt% filler in all the various composite 
combinations. The maximum surface hardness estimation of 75 HRB is  
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acquired from CCCC epoxy composites reinforced with 5 wt. % of fly ash 
filler. 

Table 3: Variation of hardness 

 
 

 
Figure 5: Variation of hardness 

 
Table 4 and Figure 6 shows the variation of the tensile strength of jute 

carbon with and without filler loading. The filler incorporated samples 
showed greater tensile strength than the unfilled samples except for the 
combinations JCCJ and JCJC. In the JCCJ, the tensile strength remains the 
same, and JCJC, the tensile strength decreases from 31 Mpa to 30 Mpa. The 
maximum tensile strength obtained was 61 Mpa for the combination CJCJ. 
The raise in tensile strength may be allowed to the strengthening effect of the 
filler filled into the polymer matrix. 
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Table 4: Variation of tensile strength  

 
 
 
 
 
 
 

 

 

 

 

 

 

 

 
Figure 6: Variation of tensile strength 

 
Filler was generally added to the polymer matrix to improve its rigidity 

and making it stronger. When the excessive filler is incorporated may lead to 
weak bonding in the polymer matrix and also difficult in achieving the 
homogeneous dispersion of fillers. However, in some cases, the Particle size 
of filler materials may also affect the properties of composite results in 
unchanged and decreased strength. Impact strength as shown in table 5 and 
figure 7 of the jute-carbon fiber with & without filler material as shown in 
the table. The energy absorbed by the composite due to the impact load is 
1.3, 2, 1.3, 1.6, 1.4, 1.9 J without incorporating filler material. By 
incorporating 5% fly ash as filler material in the polymer matrix, The energy 
absorbed by the composite due to the impact load is 1.3, 2.2, 1.5, 2, 1.4, 2 J 
which is better than the initial samples. In the JJJJ specimen, we can observe 
the same impact strength is the same after and before adding the filler 
material. 

 
 



                                                                                                                  
 

 
 
 
 

Experimental Study on Mechanical Properties of Eco-Friendly Hybrid Composite  

3274 

 
Table 5: Variation of Impact strength 

 
 

 
Figure 7:  Variation of Impact strength 

 

5  Conclusions 
 

The physical and mechanical properties of 5% flash fill the jute carbon 
composites were studied and compare with unfilled composites. The 
successful production of jute carbon composites with 5% fly ash filler with 
the minimum void fraction is achieved It is evident that with minimum void 
fraction, the filler particle distribution in the matrix is an important factor in 
improving the mechanical properties. Tensile strength, impact strength, and 
hardness were found to be improved by adding the filler material when 
compared to samples without filler. Therefore, fly ash is suitable as a filler in 
the production of composites. 
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