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ABSTRACT 

Nano particles mixed with epoxy resin enhance the dynamic and mechanical behavior of polymeric composites. In 

this work, the nano particles of carbon, and granite were introduced into an epoxy matrix system of Glass Fiber 

Reinforced Composites to find out the damping and wear properties of the composites. The volume fractions in the 

matrix were chosen as 1%, 2% and 3%. Granite powder which is waste material in the granite industries collected and 

made into nano using planetary ball mill used as filler into the composites. The damping and wear properties were 

greatly influenced by the reinforcement of nano particles into the glass fiber composites. The loss factor tan δ increases 

with filler addition and it is maximum for the composites with 2% volume fraction of carbon nano filler composites. 

The glass transition temperature of the composites with nano fillers is slightly less than that of glass fiber epoxy 

composites. Similarly the loss modulus is also maximum for the composites with 2% volume fraction of carbon nano 

filler. The tensile strength of the composites slightly decreases with addition of the filler. The wear of the composites 

were influenced by many parameters like impingement angle and impact pressure. The erosion rate decreases with the 

addition of filler. As the impact pressure increases the erosion rate of the composites also increases. The erosion rate 

of the composites were investigated at different angles 300, 600 and 900. The erosion rate first increases and then 

decreases and it is maximum at 600. 

 

Keywords- Carbon and Granite nano fillers, dynamic mechanical analysis, glass transition temperature, tensile 

strength, erosion rate 

 

I. INTRODUCTION 
Glass Fiber reinforced plastic (GFRP) composites are widely used in ship hull, airframe and wind turbine structural 

applications due to their high specific strength and stiffness. The use of polymers and polymer-based composites is 

very common in situations where a combination of good mechanical and damping properties are required. In the case 

of particulate reinforced polymer composites, the properties depend on the shape and size of the filler, the amount that 

is compounded with the plastic, the bonding between the filler and the plastic. Low cost particulate fillers are added 

to plastics in commercial production primarily for reasons of economy and improvement in molding characteristics. 

Composite materials are constituted of two phases: the matrix, which is continuous and surrounds the other phase, 

often called as reinforcing phase. Epoxy resins are widely used as matrix in many fiber reinforced composites. 

 

Granite powder obtained during the sizing of granite stones by processing granite slabs has no end use. The granite 

waste generated by the industry has accumulated over years. Only insignificant quantity has been utilized and the rest 

has been dumped unscrupulously resulting in pollution problems. In the present study, granite powder and carbon 

powder mixed with epoxy resin in different volume fractions is used as the reinforcement to the matrix system to 

prepare composites 

 

Dynamic mechanical analysis (DMA) is used for the study and characterization of the mechanical properties of 

materials in general, and of composite materials in particular, owing to the dynamic loading situations frequently 

found where composites are used. The correct measurement of visco elastic properties of a material is subject to 

discussion and depends on equipment used. 
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Hui Qian et al [1] studied the mechanical properties of carbon nanotubes (CNTs) into conventional fibre reinforced 

polymer composites. Mechanical tests of hierarchical CNT/ epoxy composites with glass and carbon fibers, have 

confirmed that, the properties are significantly affected by the introduction of CNTs (1 to 3 wt%).  

The fatigue properties of glass fiber reinforced epoxy laminates were improved by the addition of small amounts of 

nanoparticles [2-3]. The fatigue properties improvement of fiber reinforced composites depends on the filler size and 

filler structure. 

 

R. Chandra et al [7] studied the Damping properties of fiber reinforced composites involving macro mechanical, micro 

mechanical and viscoelastic (relaxation and creep) approaches; models for interphase damping, damping and damage 

in composites. 

 

C.F. Deng et al [8] studied the damping behaviors of carbon nanotube reinforced aluminum composite were 

investigated with frequency of 0.5, 1.0, 5.0, 10, 30 Hz, at a temperature of 25–400 °C. The experimental results show 

that the frequency significantly affects the damping capacity of the composite when the temperature is above 230 °C; 

meanwhile, the damping capacity of the composite with a frequency of 0.5 Hz reaches 0.975, and the storage modulus 

is 82.3 GPa when the temperature is 400 °C, which shows that CNTs are a promising reinforcement for metal matrix 

composites to obtain high damping capabilities at an elevated temperature without sacrificing the mechanical strength 

and stiffness of a metal matrix. 

 

The mechanical properties of composites with filler as granite powder [10] were studied. They found that mechanical 

properties like tensile strength and compressive strength were increased with granite powder. It examined the 

possibility of using granite powder as replacement of sand. 

 

II. MATERIALS AND METHODOLOGY 

 

Material Selection 

In the present work E-Glass fiber in the mat form is selected as reinforcement and Epoxy resin LY 556 used as matrix. 

Hardener (HY951) is added to epoxy resin in a ratio of 10:1 by weight for bonding. Two nano fillers, carbon powder 

and granite powder which is waste material in granite industries made into nano scale using ball mill added into the 

composites with different volume fractions. 

 

SEM Analysis 

The scanning electron microscope (SEM) was used to identify the images of nano powders and the range of size.  

The nanoparticles carbon and granite are provided as a dry powder. The granite and carbon powder contains particle 

agglomerates with sizes in the nanometer to micrometer range, which consist of nanoparticles sticking strongly 

together as shown in figure 2.1 and figure 2.2. 

 

 
Figure 2.1. SEM images of granite nano particle 
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Figure2.2 SEM images of carbon nano particles 

 

Density of Nano Powders 

Density of Carbon and Granite nano powders were measured using the Pycnometer method. In this method the liquid 

used is kerosene. The density of kerosene is taken as standard value i.e. 0.8 gm/cc. 

 

Density of Carbon Powder: 

Mass of empty bottle = 26.564 gm 

Mass of bottle + Mass of sample = 27.2787 gm 

Mass of sample (m2) = 27.2787-26.564 = 0.7147 gm 

Mass of bottle filled with liquid (m1) = 68.1968 gm 

Mass of sample and liquid together in pycnometer (m3) = 67.4068 gm 

Then the density of sample (carbon powder) can be calculated as 

ρ𝑠 = 0.8
0.7147

68.1968+0.7147−67.4068 
 = 0.38 gm/cc 

 

Density of Granite Powder: 

Mass of empty bottle = 26.564 gm 

Mass of bottle + Mass of sample = 27.2899 gm 

Mass of sample (m2) = 27.2899-26.564 = 0.7259 gm 

Mass of bottle filled with liquid (m1) = 68.1968 gm 

Mass of sample and liquid together in pycnometer (m3) = 68.6976 gm 

 

Then the density of sample (granite powder) can be calculated as 

ρ𝑠 = 0.8
0.7259

68.1968+0.7259−68.6976 
 = 2.58 gm/cc 

 

Composite Preparation 

The method that is used in the present work for manufacturing the laminated composite plates is hand layup. The type 

of Glass Fiber mat selected to make specimens was, Mat–225GSM. The glass fiber is reinforced with Epoxy LY556 

resin, which is used as the matrix material. The low temperature curing epoxy resin (Araldite LY556) and 

corresponding hardener (HY951) are mixed in a ratio of 10:1 by weight as recommended.  

 

Two material compositions of Glass/Epoxy (G-E) composites were chosen namely G-C-E and G-G-E. Each material 

composition has been fabricated for three different volume fractions, the details of the percentage volume fractions of 

epoxy resign, glass fabric and fillers are shown in Table 2.1. The cast of each composite is cured under a load of about 

50 kg for 24 hours at room temperature before it removed from the mould. Specimens of suitable dimension are cut 

using a diamond cutter for mechanical testing. Utmost care has been taken to maintain uniformity and homogeneity 

of the composite. 
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Table 2.1 Representation and Composition of Composites 

Sl. 

No. 

Filler Volume Fraction Representat

ion 

1 Glass Fabric 40% + Epoxy 

60% 

GE 

2 Glass Fabric 40% + Epoxy 

59% + Carbon 1% 

GCE-I 

3 Glass Fabric 40% + Epoxy 

58% + Carbon 2% 

GCE-II 

4 Glass Fabric 40% + Epoxy 

57% + Carbon 3% 

GCE-III 

5 Glass Fabric 40% + Epoxy 

59% + Granite 1% 

GGE-I 

6 Glass Fabric 40% + Epoxy 

58% + Granite 2% 

GGE-II 

7 Glass Fabric 40% + Epoxy 

57% + Granite 3% 

GGE-III 

 

 

Tensile Testing 

After fabrication the test specimens were subjected to various tensile tests as per ASTM standards. The tensile test is 

generally performed on flat specimens prepared as per ASTM D638 standard of specimen dimension is 165X19 mm 

and the gauge length and cross head speeds are chosen according to the standard. The specimen is loaded between 

two manually adjustable grips of a 20 KN Computerized Universal Testing Machine (UTM). The tensile test is 

performed on Universal testing machine (UTM) at room temperature conditions (303K) and at a travel head speed of 

2mm/min 

 

Erosion Testing 

The erosion rate of the composites were investigated using Magnum Air Jet Erosion Test Rig. The specimen size for 

the erosion test were as per standards ASTM G-76. The size of the specimen is 2X2 cm2. The erosion rate in the 

present investigation was found at room temperature. The erosion rate depends on many parameters like impingement 

angle, pressure, size, material etc. In the present investigation the parameters are impingement angle and pressure. 

The photographic image air jet erosion test rig. 

 

Dynamic Mechanical Analysis (DMA) 

DMA testing of the composite were done using RSA-G2 Dynamic Mechanical Analyzer. The RSA-G2 features a 

variety of sample clamps that provide multiple modes of deformation to accommodate a wide range of sample 

stiffness. In the present testing all the seven samples of composites were tested using three point bending method. The 

sample size for testing of DMA was 50x12x2.5 mm. 

 

 
Figure 2.3 DMA samples 
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III. RESULTS AND DISCUSSION 
 

Tensile Property of Composites 

The tensile strength of different composites with different nano fillers were investigated and discussed. The stress 

strain graphs of glass fiber composites compared with composites with different nano fillers were shown below. Figure 

3.1 shows the stress strain curve glass fiber composites compared with composites with carbon nano filler. It was 

observed that as the percentage of carbon nano filler increases the tensile strength of the composites slightly decreases 

and the observation is shown in the Table 3.1. 

 

 
Figure 3.1 Stress strain graph for composites with carbon nano filler 

 

The figure 3.2 shows the stress strain curve for composites with granite nano fillers. it was observed that as percentage 

of the granite filler increases, the tensile strength of the composites slightly decreases which is similar to carbon filler 

composites and observation was shown in the Table 3.1.  

 

 
Figure 3.2 Stress strain graph for composites with granite nano filler 

 

The properties of the composites with different nano fillers under this investigation are presented in Table 3.1 

 
Table 3.1 Tensile strength of composites 

Composites Tensile strength(MPa) 

GE 120.99 

GCE-I 106.9 

GCE-II 110.98 

GCE-III 105.35 

GGE-I 90.64 

GGE-II 79.34 

GGE-III 106.67 

 

 

GF, 0, 0

GF, 
0.000428

571, 
0.01052…

GF, 
0.001428

571, 
0.01052…

GF, 
0.002428

571, 
0.01578…

GF, 
0.003285

714, 
0.01578…

GF, 
0.004285

714, 
0.01578…

GF, 
0.005142

857, 
0.01578…

GF, 
0.006142

857, 
0.01578…

GF, 
0.007142

857, 
0.01578…

GF, 
0.008142

857, 
0.02104…

GF, 0.009, 
0.021041

114

GF, 0.01, 
0.021041

114

GF, 0.011, 
0.021041

114

GF, 
0.011857

143, 
0.02630…

GF, 
0.012857

143, 
0.02630…

GF, 
0.013857

143, 
0.02630…

GF, 
0.014857

143, 
0.02630…

GF, 
0.015857

143, 
0.02630…

GF, 
0.016857

143, 
0.03156…

GF, 
0.017857

143, 
0.03156…

GF, 
0.018857

143, 
0.03682…

GF, 
0.019714

286, 
0.03682…

GF, 
0.020714

286, 
0.04208…

GF, 
0.021571

429, 
0.04208…

GF, 
0.022571

429, 
0.04208…

GF, 
0.023428

571, 
0.04734…

GF, 
0.024428

571, 
0.04734…

GF, 
0.025285

714, 
0.05260…

GF, 
0.026285

714, 
0.05260…

GF, 
0.027285

714, 
0.05786…

GF, 
0.028142

857, 
0.05786…

GF, 
0.029142

857, 
0.05786…

GF, 
0.030142

857, 
0.06312…

GF, 
0.031142

857, 
0.06838…

GF, 
0.032142

857, 
0.06838…

GF, 0.033, 
0.068383

622

GF, 0.034, 
0.073643

9

GF, 0.035, 
0.073643

9

GF, 
0.035857

143, 
0.07890…

GF, 
0.036857

143, 
0.07890…

GF, 
0.037714

286, 
0.08416…

GF, 
0.038714

286, 
0.08416…

GF, 
0.039714

286, 
0.08942…

GF, 
0.040571

429, 
0.08942…

GF, 
0.041571

429, 
0.09468…

GF, 
0.042571

429, 
0.09468…

GF, 
0.043571

429, 
0.09468…

GF, 
0.044571

429, 
0.09994…

GF, 
0.045571

429, 
0.09994…

GF, 
0.046428

571, 
0.10520…

GF, 
0.047428

571, 
0.10520…

GF, 
0.048428

571, 
0.11046…

GF, 
0.049428

571, 
0.11046…

GF, 
0.050428

571, 
0.11572…

GF, 
0.051428

571, 
0.11572…

GF, 
0.052428

571, 
0.11572…

GF, 
0.053285

714, 
0.12098…

GCE-I, 0, 0

GCE-I, 
0.000714

286, 
0.00689…

GCE-I, 
0.001714

286, 
0.01034…

GCE-I, 
0.002714

286, 
0.01034…

GCE-I, 
0.003857

143, 
0.01034…

GCE-I, 
0.004857

143, 
0.01379…

GCE-I, 
0.005857

143, 
0.01379…

GCE-I, 
0.006857

143, 
0.01724…

GCE-I, 
0.007857

143, 
0.01724…

GCE-I, 
0.008857

143, 
0.02068…

GCE-I, 
0.009428

571, 
0.02068…

GCE-I, 
0.010428

571, 
0.02068…

GCE-I, 
0.011285

714, 
0.02413…

GCE-I, 
0.012285

714, 
0.02758…

GCE-I, 
0.013285

714, 
0.02758…

GCE-I, 
0.014285

714, 
0.02758…

GCE-I, 
0.015428

571, 
0.03103…

GCE-I, 
0.016428

571, 
0.03448…

GCE-I, 
0.017428

571, 
0.03448…

GCE-I, 
0.018428

571, 
0.03793…

GCE-I, 
0.018857

143, 
0.03793…

GCE-I, 
0.019857

143, 
0.04137…

GCE-I, 
0.020857

143, 
0.04137…

GCE-I, 
0.021857

143, 
0.04482…

GCE-I, 
0.022857

143, 
0.04482…

GCE-I, 
0.023857

143, 
0.04827…

GCE-I, 
0.024857

143, 
0.05172…

GCE-I, 
0.025857

143, 
0.05172…

GCE-I, 
0.026857

143, 
0.05517…

GCE-I, 
0.027428

571, 
0.05517…

GCE-I, 
0.028285

714, 
0.05862…

GCE-I, 
0.029428

571, 
0.05862…

GCE-I, 
0.030285

714, 
0.06206…

GCE-I, 
0.031285

714, 
0.06206…

GCE-I, 
0.032428

571, 
0.06551…

GCE-I, 
0.033285

714, 
0.06896…

GCE-I, 
0.034285

714, 
0.06896…

GCE-I, 
0.035285

714, 
0.07241…

GCE-I, 
0.036428

571, 
0.07241…

GCE-I, 
0.036857

143, 
0.07586…

GCE-I, 
0.037857

143, 
0.07586…

GCE-I, 
0.038857

143, 
0.07931…

GCE-I, 
0.039857

143, 
0.07931…

GCE-I, 
0.040857

143, 
0.08275…

GCE-I, 
0.041857

143, 
0.08620…

GCE-I, 
0.043, 

0.086206
897

GCE-I, 
0.044, 

0.089655
172

GCE-I, 
0.045, 

0.089655
172

GCE-I, 
0.045571

429, 
0.09310…

GCE-I, 
0.046571

429, 
0.09310…

GCE-I, 
0.047571

429, 
0.09655…

GCE-I, 
0.048571
429, 0.1

GCE-I, 
0.049571
429, 0.1

GCE-I, 
0.050571

429, 
0.10344…

GCE-I, 
0.051571

429, 
0.10344…

GCE-I, 
0.052571

429, 
0.10689…

GCE-I, 
0.053571

429, 
0.10689…

GCE-II, 0, 
0

GCE-II, 
0.001285

714, 
0.00693…

GCE-II, 
0.002285

714, 
0.01040…

GCE-II, 
0.003285

714, 
0.01040…

GCE-II, 
0.004285

714, 
0.01387…

GCE-II, 
0.005285

714, 
0.01387…

GCE-II, 
0.005857

143, 
0.01387…

GCE-II, 
0.006857

143, 
0.01734…

GCE-II, 
0.007857

143, 
0.01734…

GCE-II, 
0.008857

143, 
0.01734…

GCE-II, 
0.009857

143, 
0.02080…

GCE-II, 
0.010857

143, 
0.02427…

GCE-II, 
0.011857

143, 
0.02427…

GCE-II, 
0.012857

143, 
0.02774…

GCE-II, 
0.013857

143, 
0.02774…

GCE-II, 
0.014428

571, 
0.02774…

GCE-II, 
0.015285

714, 
0.03121…

GCE-II, 
0.016285

714, 
0.03121…

GCE-II, 
0.017285

714, 
0.03468…

GCE-II, 
0.018285

714, 
0.03814…

GCE-II, 
0.019428

571, 
0.03814…

GCE-II, 
0.020428

571, 
0.04161…

GCE-II, 
0.021285

714, 
0.04161…

GCE-II, 
0.022428

571, 
0.04508…

GCE-II, 
0.023428

571, 
0.04855…

GCE-II, 
0.023857

143, 
0.04855…

GCE-II, 
0.024857

143, 
0.05202…

GCE-II, 
0.025857

143, 
0.05548…

GCE-II, 
0.026857

143, 
0.05548…

GCE-II, 
0.027857

143, 
0.05895…

GCE-II, 
0.028857

143, 
0.06242…

GCE-II, 
0.029857

143, 
0.06242…

GCE-II, 
0.030857

143, 
0.06589…

GCE-II, 
0.031714

286, 
0.06589…

GCE-II, 
0.032285

714, 
0.06936…

GCE-II, 
0.033285

714, 
0.06936…

GCE-II, 
0.034285

714, 
0.07282…

GCE-II, 
0.035285

714, 
0.07629…

GCE-II, 
0.036285

714, 
0.07629…

GCE-II, 
0.037285

714, 
0.07976…

GCE-II, 
0.038285

714, 
0.08323…

GCE-II, 
0.039285

714, 
0.08323…

GCE-II, 
0.040285

714, 
0.08670…

GCE-II, 
0.041142

857, 
0.09016…

GCE-II, 
0.041714

286, 
0.09016…

GCE-II, 
0.042714

286, 
0.09016…

GCE-II, 
0.043714

286, 
0.09363…

GCE-II, 
0.044714

286, 
0.09710…

GCE-II, 
0.045714

286, 
0.09710…

GCE-II, 
0.046714

286, 
0.10057…

GCE-II, 
0.047714

286, 
0.10404…

GCE-II, 
0.048714

286, 
0.10404…

GCE-II, 
0.049714

286, 
0.10750…

GCE-II, 
0.050714

286, 
0.11097…

GCE-II, 
0.051285

714, 
0.11097…

GCE-III, 0, 
0

GCE-III, 
0.000428

571, 
0.01170…

GCE-III, 
0.001428

571, 
0.01170…

GCE-III, 
0.002428

571, 
0.01170…

GCE-III, 
0.003285

714, 
0.01170…

GCE-III, 
0.004285

714, 
0.01560…

GCE-III, 
0.005285

714, 
0.01560…

GCE-III, 
0.006285

714, 
0.01560…

GCE-III, 
0.007142

857, 
0.01950…

GCE-III, 
0.008142

857, 
0.01950…

GCE-III, 
0.009142

857, 
0.02341…

GCE-III, 
0.01, 

0.023410
066

GCE-III, 
0.011, 

0.027311
744

GCE-III, 
0.012, 

0.027311
744

GCE-III, 
0.013, 

0.027311
744

GCE-III, 
0.013857

143, 
0.03121…

GCE-III, 
0.014857

143, 
0.03511…

GCE-III, 
0.015857

143, 
0.03511…

GCE-III, 
0.016857

143, 
0.03511…

GCE-III, 
0.017714

286, 
0.03901…

GCE-III, 
0.018714

286, 
0.04291…

GCE-III, 
0.019714

286, 
0.04291…

GCE-III, 
0.020714

286, 
0.04682…

GCE-III, 
0.021714

286, 
0.04682…

GCE-III, 
0.022571

429, 
0.05072…

GCE-III, 
0.023571

429, 
0.05462…

GCE-III, 
0.024571

429, 
0.05462…

GCE-III, 
0.025428

571, 
0.05852…

GCE-III, 
0.026285

714, 
0.05852…

GCE-III, 
0.027285

714, 
0.06242…

GCE-III, 
0.028142

857, 
0.06632…

GCE-III, 
0.029142

857, 
0.07023…

GCE-III, 
0.030142

857, 
0.07023…

GCE-III, 
0.031, 

0.074131
877

GCE-III, 
0.032, 

0.074131
877

GCE-III, 
0.032857

143, 
0.07803…

GCE-III, 
0.033857

143, 
0.08193…

GCE-III, 
0.034714

286, 
0.08193…

GCE-III, 
0.035714

286, 
0.08583…
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DMA Results 

DMA results of different compositions gives loss factor tan δ, storage modulus E´, loss modulus E´´ with respect to 

temperature. The results were shown below and were compared glass fiber with nano filler composites. For these the 

frequency set as constant i.e. 6.28 rad/s. Figure 3.3 shows the loss factor tan δ of glass fiber composites with carbon 

nano fillers with respect to temperature. It shows that the filler addition increases loss factor tan δ. It also shows that 

for carbon nano fillers the composite with 1% volume fraction has highest loss factor at temperature 76.77ºC. The loss 

factor for the composites is high in the temperature range of 65-100 ºC. The glass fiber without filler has high loss 

factor at 91.8 ºC. 

 

Figure 3.4 shows the loss factor tan δ of glass fiber composites with granite nano fillers with respect to temperature. 

It shows that the filler addition increases loss factor tan δ. Here it shows the granite filler with 2% volume fraction has 

highest loss factor at temperature 77 ºC 

 
 

Figure 3.3 Effect of temperature on Tanδ value of composites of carbon nano filler 

 

 

 
Figure 3.4 Effect of temperature on Tanδ value of composites of granite nano filler 

 

 

Figure 3.5 shows the loss factor tan δ of all the glass fiber composites both nano fillers with respect to temperature. In 

all the seven composites prepared the composite with 1% volume fraction of carbon nano filler has highest loss factor. 

It also shows that as the filler volume is much it reduces loss factor. 

 

Figure 3.6 shows the storage modulus E´ of glass fiber composites with carbon nano fillers with respect to temperature. 

The storage modulus is low for composites with 1% volume fraction of carbon filler. Here the storage modulus is high 

for composites with 2% volume fraction of carbon filler. 

 

 
Figure 3.6 The variation of storage modulus with temperature of composites of carbon nano filler 
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43.568, 

0.01699…

GCE-I, 
44.901, 

0.01791…

GCE-I, 
46.181, 

0.01848…

GCE-I, 
47.471, 

0.01965…

GCE-I, 
48.734, 

0.01956…

GCE-I, 
50.012, 

0.02029…

GCE-I, 
51.272, 

0.02160…

GCE-I, 
52.528, 

0.02259…

GCE-I, 
53.806, 

0.02295…

GCE-I, 
55.064, 

0.02410…

GCE-I, 
56.321, 

0.025111

GCE-I, 
57.59, 

0.02666…

GCE-I, 
58.849, 

0.02736…

GCE-I, 
60.109, 

0.02858…

GCE-I, 
61.39, 

0.03037…

GCE-I, 
62.641, 

0.03285…

GCE-I, 
63.898, 

0.03554…

GCE-I, 
65.158, 

0.04072…

GCE-I, 
66.433, 

0.05421…

GCE-I, 
67.684, 

0.106574

GCE-I, 
68.951, 

0.209365

GCE-I, 
70.202, 

0.320383

GCE-I, 
71.475, 

0.423657

GCE-I, 
73.024, 

0.540464

GCE-I, 
74.321, 

0.608373

GCE-I, 
75.604, 

0.649162

GCE-I, 
76.884, 

0.665079

GCE-I, 
77.886, 

0.658711

GCE-I, 
79.444, 

0.637078

GCE-I, 
80.724, 

0.603564

GCE-I, 
82.022, 

0.564155

GCE-I, 
83.025, 

0.520583

GCE-I, 
84.268, 

0.473964

GCE-I, 
85.543, 

0.429214

GCE-I, 
86.793, 

0.389088

GCE-I, 
88.058, 

0.353492

GCE-I, 
89.325, 

0.321722

GCE-I, 
90.575, 

0.293663

GCE-I, 
91.829, 

0.267809

GCE-I, 
93.115, 

0.244814

GCE-I, 
94.373, 

0.224506

GCE-I, 
95.62, 

0.204935

GCE-I, 
96.893, 

0.186586

GCE-I, 
98.15, 

0.169958

GCE-I, 
99.413, 

0.156773

GCE-I, 
100.671, 
0.143923

GCE-I, 
101.943, 
0.132587

GCE-I, 
103.208, 
0.122559

GCE-I, 
104.455, 
0.112939

GCE-I, 
105.729, 
0.104977

GCE-I, 
106.988, 
0.09776…

GCE-I, 
108.25, 

0.09107…

GCE-I, 
109.507, 
0.08502…

GCE-I, 
110.769, 
0.07968…

GCE-I, 
112.04, 

0.07544…

GCE-I, 
113.29, 

0.07127…

GCE-I, 
114.554, 
0.06755…

GCE-I, 
115.821, 
0.06400…

GCE-I, 
117.076, 
0.06064…

GCE-I, 
118.345, 
0.05884…

GCE-I, 
119.62, 

0.05589…

GCE-I, 
120.103, 
0.05460…

GCE-I, 
120.024, 
0.05371…

GCE-II, 
37.321, 

0.01820…

GCE-II, 
37.291, 

0.01757…

GCE-II, 
37.265, 

0.01715…

GCE-II, 
37.24, 

0.01682…

GCE-II, 
37.205, 

0.016734

GCE-II, 
37.193, 

0.016485

GCE-II, 
38.176, 

0.01617…

GCE-II, 
39.744, 

0.01687…

GCE-II, 
40.968, 

0.01702…

GCE-II, 
42.22, 

0.01772…

GCE-II, 
43.568, 

0.01752…

GCE-II, 
44.901, 

0.01785…

GCE-II, 
46.181, 

0.01828…

GCE-II, 
47.471, 

0.01829…

GCE-II, 
48.734, 

0.01876…

GCE-II, 
50.012, 

0.01907…

GCE-II, 
51.272, 

0.019932

GCE-II, 
52.528, 

0.02049…

GCE-II, 
53.806, 

0.02083…

GCE-II, 
55.064, 

0.02155…

GCE-II, 
56.321, 

0.02198…

GCE-II, 
57.59, 

0.02330…

GCE-II, 
58.849, 

0.02367…

GCE-II, 
60.109, 

0.02479…

GCE-II, 
61.39, 

0.02586…

GCE-II, 
62.641, 

0.02692…

GCE-II, 
63.898, 

0.02898…

GCE-II, 
65.158, 

0.03100…

GCE-II, 
66.433, 

0.03494…

GCE-II, 
67.684, 

0.04496…

GCE-II, 
68.951, 

0.06456…

GCE-II, 
70.202, 

0.105561

GCE-II, 
71.475, 

0.170691

GCE-II, 
73.024, 

0.248081

GCE-II, 
74.321, 
0.32285

GCE-II, 
75.604, 

0.388119

GCE-II, 
76.884, 

0.440743

GCE-II, 
77.886, 

0.473173

GCE-II, 
79.444, 

0.488416

GCE-II, 
80.724, 

0.489876

GCE-II, 
82.022, 

0.480573

GCE-II, 
83.025, 

0.462193

GCE-II, 
84.268, 

0.438204

GCE-II, 
85.543, 

0.411796

GCE-II, 
86.793, 

0.382914

GCE-II, 
88.058, 

0.349985

GCE-II, 
89.325, 

0.325183

GCE-II, 
90.575, 

0.295938

GCE-II, 
91.829, 

0.275173

GCE-II, 
93.115, 

0.249733

GCE-II, 
94.373, 

0.233782

GCE-II, 
95.62, 

0.212476

GCE-II, 
96.893, 

0.194785

GCE-II, 
98.15, 

0.184997

GCE-II, 
99.413, 

0.169086

GCE-II, 
100.671, 
0.155071

GCE-II, 
101.943, 
0.149614

GCE-II, 
103.208, 
0.136525

GCE-II, 
104.455, 
0.126148

GCE-II, 
105.729, 
0.121688

GCE-II, 
106.988, 
0.112067

GCE-II, 
108.25, 

0.108315

GCE-II, 
109.507, 
0.099439

GCE-II, 
110.769, 
0.09235…

GCE-II, 
112.04, 

0.08987…

GCE-II, 
113.29, 

0.08336…

GCE-II, 
114.554, 
0.08109…

GCE-II, 
115.821, 
0.07491…

GCE-II, 
117.076, 
0.070426

GCE-II, 
118.345, 
0.06911…

GCE-II, 
119.62, 

0.06437…

GCE-II, 
120.103, 
0.06423…

GCE-II, 
120.024, 
0.061594

GCE-III, 
37.321, 

0.02542…

GCE-III, 
37.291, 

0.02224…

GCE-III, 
37.265, 

0.02123…

GCE-III, 
37.24, 

0.02069…

GCE-III, 
37.205, 

0.01997…

GCE-III, 
37.193, 

0.02009…

GCE-III, 
38.176, 

0.01945…

GCE-III, 
39.744, 

0.01939…

GCE-III, 
40.968, 

0.020567

GCE-III, 
42.22, 

0.02099…

GCE-III, 
43.568, 

0.02108…

GCE-III, 
44.901, 

0.02123…

GCE-III, 
46.181, 

0.02157…

GCE-III, 
47.471, 

0.02202…

GCE-III, 
48.734, 

0.02277…

GCE-III, 
50.012, 

0.02339…

GCE-III, 
51.272, 

0.02421…

GCE-III, 
52.528, 

0.024569

GCE-III, 
53.806, 

0.025414

GCE-III, 
55.064, 

0.02584…

GCE-III, 
56.321, 

0.02728…

GCE-III, 
57.59, 

0.02770…

GCE-III, 
58.849, 

0.02954…

GCE-III, 
60.109, 

0.03019…

GCE-III, 
61.39, 

0.03150…

GCE-III, 
62.641, 

0.03353…

GCE-III, 
63.898, 

0.03637…

GCE-III, 
65.158, 

0.04179…

GCE-III, 
66.433, 

0.05378…

GCE-III, 
67.684, 

0.09203…

GCE-III, 
68.951, 

0.168077

GCE-III, 
70.202, 

0.254236

GCE-III, 
71.475, 

0.323763

GCE-III, 
73.024, 

0.357988

GCE-III, 
74.321, 

0.411676

GCE-III, 
75.604, 
0.45541

GCE-III, 
76.884, 

0.481909

GCE-III, 
77.886, 

0.494269

GCE-III, 
79.444, 

0.494967

GCE-III, 
80.724, 

0.480555

GCE-III, 
82.022, 

0.460169

GCE-III, 
83.025, 

0.436218

GCE-III, 
84.268, 

0.407054

GCE-III, 
85.543, 

0.375772

GCE-III, 
86.793, 

0.350756

GCE-III, 
88.058, 

0.331014

GCE-III, 
89.325, 
0.29754

GCE-III, 
90.575, 

0.271739

GCE-III, 
91.829, 

0.249614

GCE-III, 
93.115, 

0.235239

GCE-III, 
94.373, 

0.213504

GCE-III, 
95.62, 

0.197264

GCE-III, 
96.893, 

0.188254

GCE-III, 
98.15, 

0.169567

GCE-III, 
99.413, 

0.156053

GCE-III, 
100.671, 
0.148499

GCE-III, 
101.943, 
0.13539

GCE-III, 
103.208, 
0.124393

GCE-III, 
104.455, 
0.119091

GCE-III, 
105.729, 
0.108031

GCE-III, 
106.988, 
0.103478

GCE-III, 
108.25, 

0.09436…

GCE-III, 
109.507, 
0.09333…

GCE-III, 
110.769, 
0.08371…

GCE-III, 
112.04, 

0.07824…

GCE-III, 
113.29, 

0.07384…

GCE-III, 
114.554, 
0.07153…

GCE-III, 
115.821, 
0.06713…

GCE-III, 
117.076, 
0.06340…

GCE-III, 
118.345, 
0.06235…

GCE-III, 
119.62, 

0.05986…

GCE-III, 
120.103, 
0.05884…

Ta
n
δ

Temp(°C)

GE

GCE-I

GCE-II

GCE-III

GE, 
37.321, 
0.0301…

GE, 
37.291, 
0.0312…

GE, 
37.265, 
0.0311…

GE, 
37.24, 

0.0295…

GE, 
37.205, 
0.0288…

GE, 
37.193, 
0.0282…

GE, 
38.176, 
0.0280…

GE, 
39.744, 
0.0280…

GE, 
40.968, 
0.0286…

GE, 
42.22, 

0.0282…

GE, 
43.568, 
0.0296…

GE, 
44.901, 
0.0296…

GE, 
46.181, 
0.0293…

GE, 
47.471, 
0.0305…

GE, 
48.734, 
0.0307…

GE, 
50.012, 
0.0312…

GE, 
51.272, 
0.0321…

GE, 
52.528, 
0.0325…

GE, 
53.806, 
0.0332…

GE, 
55.064, 
0.0339…

GE, 
56.321, 
0.0340…

GE, 
57.59, 

0.0349…

GE, 
58.849, 
0.0349…

GE, 
60.109, 
0.0362…

GE, 
61.39, 

0.0368…

GE, 
62.641, 
0.0378…

GE, 
63.898, 
0.0393…

GE, 
65.158, 
0.0407…

GE, 
66.433, 
0.0422…

GE, 
67.684, 
0.0446…

GE, 
68.951, 
0.0497…

GE, 
70.202, 
0.0599…

GE, 
71.475, 
0.0888…

GE, 
73.024, 
0.1340…

GE, 
74.321, 
0.1827…

GE, 
75.604, 
0.2071…

GE, 
76.884, 
0.2074…

GE, 
77.886, 
0.2108…

GE, 
79.444, 
0.2419…

GE, 
80.724, 
0.28089

GE, 
82.022, 
0.3151…

GE, 
83.025, 
0.3289…

GE, 
84.268, 
0.3353…

GE, 
85.543, 
0.3405…

GE, 
86.793, 
0.3473…

GE, 
88.058, 
0.3535…

GE, 
89.325, 
0.3583…

GE, 
90.575, 
0.36186

GE, 
91.829, 
0.3638…

GE, 
93.115, 
0.3638…

GE, 
94.373, 
0.3622…

GE, 
95.62, 

0.3580…

GE, 
96.893, 
0.3528…

GE, 
98.15, 

0.3460…

GE, 
99.413, 
0.33762

GE, 
100.671, 
0.3284…

GE, 
101.943, 
0.3187…

GE, 
103.208, 
0.3084…

GE, 
104.455, 
0.29845

GE, 
105.729, 
0.2878…

GE, 
106.988, 
0.2770…

GE, 
108.25, 
0.2657…

GE, 
109.507, 
0.2530…

GE, 
110.769, 
0.2413…

GE, 
112.04, 
0.2295…

GE, 
113.29, 
0.21785

GE, 
114.554, 
0.2074…

GE, 
115.821, 
0.1950…

GE, 
117.076, 
0.1831…

GE, 
118.345, 
0.1720…

GE, 
119.62, 
0.1611…

GE, 
120.103, 
0.1565…

GE, 
120.024, 
0.1558…

GGE-I, 
37.321, 
0.0141…

GGE-I, 
37.291, 
0.0143…

GGE-I, 
37.265, 
0.01424

GGE-I, 
37.24, 

0.0140…

GGE-I, 
37.205, 
0.0144…

GGE-I, 
37.193, 
0.0143…

GGE-I, 
38.176, 
0.0148…

GGE-I, 
39.744, 
0.0153…

GGE-I, 
40.968, 
0.0153…

GGE-I, 
42.22, 

0.0158…

GGE-I, 
43.568, 
0.0159…

GGE-I, 
44.901, 
0.01662

GGE-I, 
46.181, 
0.0168…

GGE-I, 
47.471, 
0.0172…

GGE-I, 
48.734, 
0.0175…

GGE-I, 
50.012, 
0.0179…

GGE-I, 
51.272, 
0.0187…

GGE-I, 
52.528, 
0.0198…

GGE-I, 
53.806, 
0.0210…

GGE-I, 
55.064, 
0.0219…

GGE-I, 
56.321, 
0.0230…

GGE-I, 
57.59, 

0.0247…

GGE-I, 
58.849, 
0.0266…

GGE-I, 
60.109, 
0.0291…

GGE-I, 
61.39, 

0.0327…

GGE-I, 
62.641, 
0.0392…

GGE-I, 
63.898, 
0.0534…

GGE-I, 
65.158, 
0.0792…

GGE-I, 
66.433, 
0.1449…

GGE-I, 
67.684, 
0.2338…

GGE-I, 
68.951, 
0.3150…

GGE-I, 
70.202, 
0.3888…

GGE-I, 
71.475, 
0.4375…

GGE-I, 
73.024, 
0.4902…

GGE-I, 
74.321, 
0.5199…

GGE-I, 
75.604, 
0.5246…

GGE-I, 
76.884, 
0.5167…

GGE-I, 
77.886, 
0.4998…

GGE-I, 
79.444, 
0.4791…

GGE-I, 
80.724, 
0.4546…

GGE-I, 
82.022, 
0.4184…

GGE-I, 
83.025, 
0.3824…

GGE-I, 
84.268, 
0.3472…

GGE-I, 
85.543, 
0.3151…

GGE-I, 
86.793, 
0.2836…

GGE-I, 
88.058, 
0.2549…

GGE-I, 
89.325, 
0.2294…

GGE-I, 
90.575, 
0.20495

GGE-I, 
91.829, 
0.1857…

GGE-I, 
93.115, 
0.1655…

GGE-I, 
94.373, 
0.14788

GGE-I, 
95.62, 

0.1320…

GGE-I, 
96.893, 
0.1206…

GGE-I, 
98.15, 

0.10801

GGE-I, 
99.413, 
0.0974…

GGE-I, 
100.671, 
0.0884…

GGE-I, 
101.943, 
0.0817…

GGE-I, 
103.208, 
0.0743…

GGE-I, 
104.455, 
0.0688…

GGE-I, 
105.729, 
0.0623…

GGE-I, 
106.988, 
0.0599…

GGE-I, 
108.25, 
0.0555…

GGE-I, 
109.507, 
0.0525…

GGE-I, 
110.769, 
0.0507…

GGE-I, 
112.04, 
0.0478…

GGE-I, 
113.29, 
0.0454…

GGE-I, 
114.554, 
0.0430…

GGE-I, 
115.821, 
0.0429…

GGE-I, 
117.076, 
0.0416…

GGE-I, 
118.345, 
0.0406…

GGE-I, 
119.62, 
0.0383…

GGE-II, 
37.321, 
0.0176…

GGE-II, 
37.291, 
0.0166…

GGE-II, 
37.265, 
0.0160…

GGE-II, 
37.24, 

0.0158…

GGE-II, 
37.205, 
0.0157…

GGE-II, 
37.193, 
0.0155…

GGE-II, 
38.176, 
0.0161…

GGE-II, 
39.744, 
0.0161…

GGE-II, 
40.968, 
0.0168…

GGE-II, 
42.22, 

0.0170…

GGE-II, 
43.568, 
0.0175…

GGE-II, 
44.901, 
0.0181…

GGE-II, 
46.181, 
0.0183…

GGE-II, 
47.471, 
0.0188…

GGE-II, 
48.734, 
0.0193…

GGE-II, 
50.012, 
0.0198…

GGE-II, 
51.272, 
0.0201…

GGE-II, 
52.528, 
0.0213…

GGE-II, 
53.806, 
0.0219…

GGE-II, 
55.064, 
0.0230…

GGE-II, 
56.321, 
0.0238…

GGE-II, 
57.59, 

0.0250…

GGE-II, 
58.849, 
0.0257…

GGE-II, 
60.109, 
0.0274…

GGE-II, 
61.39, 

0.0283…

GGE-II, 
62.641, 
0.0305…

GGE-II, 
63.898, 
0.0330…

GGE-II, 
65.158, 
0.0378…

GGE-II, 
66.433, 
0.0471…

GGE-II, 
67.684, 
0.0735…

GGE-II, 
68.951, 
0.1403…

GGE-II, 
70.202, 
0.2688…

GGE-II, 
71.475, 
0.3681…

GGE-II, 
73.024, 
0.4543…

GGE-II, 
74.321, 
0.5243…

GGE-II, 
75.604, 
0.5656…

GGE-II, 
76.884, 
0.5801…

GGE-II, 
77.886, 
0.5769…

GGE-II, 
79.444, 
0.5599…

GGE-II, 
80.724, 
0.53637

GGE-II, 
82.022, 
0.5013…

GGE-II, 
83.025, 
0.4673…

GGE-II, 
84.268, 
0.4352…

GGE-II, 
85.543, 
0.3953…

GGE-II, 
86.793, 
0.3600…

GGE-II, 
88.058, 
0.3291…

GGE-II, 
89.325, 
0.3047…

GGE-II, 
90.575, 
0.2757…

GGE-II, 
91.829, 
0.2520…

GGE-II, 
93.115, 
0.2314…

GGE-II, 
94.373, 
0.2183…

GGE-II, 
95.62, 

0.1996…

GGE-II, 
96.893, 
0.18471

GGE-II, 
98.15, 

0.1717…

GGE-II, 
99.413, 
0.1607…
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Figure 3.7 shows the storage modulus E´ of glass fiber composites with granite nano fillers with respect to temperature. 

The storage modulus is low for glass fiber composites without filler. Here the storage modulus is high for composites 

with 2% volume fraction of granite filler. 

 

 
Figure 3.7 The variation of storage modulus with temperature of composites of granite nano filler 

 

Figure 3.8 shows the storage modulus E´ of all seven glass fiber composites with granite and carbon nano fillers with 

respect to temperature. It shows that the composites with 1% volume fraction of carbon nano filler has less storage 

modulus. It also shows as the temperature increases the storage modulus decreases. The storage modulus drops at 69 

ºC for almost all the composites. 

 

 
Figure 3.8 The variation of storage modulus with temperature of composites 

 

Figure 3.9 shows the loss modulus E´´ of glass fiber composites with carbon nano fillers with respect to temperature. 

The loss modulus is high for composites with 2% volume fraction of carbon filler at 75.5 ºC. The loss factor for the 

composites is high in the temperature range of 65-85 ºC. The addition of filler increases the loss modulus. 

 

Figure 3.10 shows the loss modulus E´´ of glass fiber composites with granite nano fillers with respect to temperature. 

The loss modulus is high for composites with 1% volume fraction of granite filler at 72.9 ºC. Here by the addition 

granite filler increases the loss modulus. Glass fiber without filler has high loss modulus at higher temperatures 
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Figure 3.9 The variation of Loss modulus with temperature of composites of carbon nano filler 

 

.\ 

 
Figure 3.10 The variation of loss modulus with temperature of composites of granite nano filler 

 

Figure 3.11 shows the loss modulus E´´ of all glass fiber composites with carbon and granite nano fillers with respect 

to temperature. In all the composites the composite with 2% volume fraction of carbon nano filler has high loss 

modulus. It shows by the addition of filler the loss modulus increases. At higher temperatures the loss modulus 

decreases for composites with fillers. 

 
Figure 3.11 The variation of loss modulus with temperature of composites 

 

Erosion Test 

Erosion rate is the material removal rate of the composites. The erosion rate of different composites with different 

nano fillers were found with different parameters. The erosion rate of the composites were influenced by many 

parameters like impingement angle, impact velocity, hardness of the eroding particles, shape and size. In this erosion 

test sand was used as eroding particles. Figures 3.12 and 3.14 shows erosion rate of composites decreases with increase 

of filler percentage i.e. the composite becomes resistant to erosion wear rate with increase of filler percentage.  

 

 

 

Effect of Impingement Angle 

Impingement angle is defined as the angle between the eroded surface and the trajectory of the particle immediately 

before impact. Wear rate is usually measured in weight loss of the material during test time but it was converted into 

volume rate (mm3/min). Figure 3.12 shows the erosion rate with respect to impingement angle at a pressure of 1 bar 

on different composites with carbon nano filler. It shows that the erosion rate first increases as the angle increases and 

then decreases. The erosion rate is maximum at 600 angle. It also shows erosion rate decreases with filler addition. 

Similarly figure 3.13 shows erosion rate with respect to impingement angle on different composites with granite nano 

filler. 
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77.886, 

4.14E+08

GE, 
79.444, 

5.06E+08

GE, 
80.724, 

6.81E+08

GE, 
82.022, 

8.57E+08

GE, 
83.025, 

9.44E+08

GE, 
84.268, 

9.86E+08

GE, 
85.543, 

1.02E+09

GE, 
86.793, 

1.00E+09

GE, 
88.058, 

9.94E+08

GE, 
89.325, 

9.83E+08

GE, 
90.575, 

9.70E+08

GE, 
91.829, 

9.56E+08

GE, 
93.115, 

9.39E+08

GE, 
94.373, 

9.20E+08

GE, 95.62, 
8.99E+08

GE, 
96.893, 

8.78E+08

GE, 98.15, 
8.56E+08

GE, 
99.413, 

8.31E+08

GE, 
100.671, 
8.05E+08

GE, 
101.943, 
7.78E+08

GE, 
103.208, 
7.51E+08

GE, 
104.455, 
7.25E+08

GE, 
105.729, 
6.97E+08

GE, 
106.988, 
6.70E+08

GE, 
108.25, 

5.97E+08

GE, 
109.507, 
5.74E+08

GE, 
110.769, 
5.51E+08

GE, 
112.04, 

5.27E+08

GE, 
113.29, 

5.00E+08

GE, 
114.554, 
4.36E+08

GE, 
115.821, 
4.17E+08

GE, 
117.076, 
3.97E+08

GE, 
118.345, 
3.76E+08

GE, 
119.62, 

3.54E+08

GE, 
120.103, 
3.13E+08

GE, 
120.024, 
3.23E+08

GGE-I, 
37.321, 

1.48E+08

GGE-I, 
37.291, 

1.58E+08

GGE-I, 
37.265, 

1.57E+08

GGE-I, 
37.24, 

1.55E+08

GGE-I, 
37.205, 

1.59E+08

GGE-I, 
37.193, 

1.60E+08

GGE-I, 
38.176, 

1.64E+08

GGE-I, 
39.744, 

1.69E+08

GGE-I, 
40.968, 

1.69E+08

GGE-I, 
42.22, 

1.74E+08

GGE-I, 
43.568, 

1.75E+08

GGE-I, 
44.901, 

1.81E+08

GGE-I, 
46.181, 

1.83E+08

GGE-I, 
47.471, 

1.87E+08

GGE-I, 
48.734, 

1.89E+08

GGE-I, 
50.012, 

1.93E+08

GGE-I, 
51.272, 

2.00E+08

GGE-I, 
52.528, 

2.11E+08

GGE-I, 
53.806, 

2.23E+08

GGE-I, 
55.064, 

2.32E+08

GGE-I, 
56.321, 

2.42E+08

GGE-I, 
57.59, 

2.58E+08

GGE-I, 
58.849, 

2.77E+08

GGE-I, 
60.109, 

3.01E+08

GGE-I, 
61.39, 

3.36E+08

GGE-I, 
62.641, 

3.97E+08

GGE-I, 
63.898, 

5.25E+08

GGE-I, 
65.158, 

7.27E+08

GGE-I, 
66.433, 

1.20E+09

GGE-I, 
67.684, 

1.64E+09

GGE-I, 
68.951, 

1.83E+09

GGE-I, 
70.202, 

1.84E+09

GGE-I, 
71.475, 

1.76E+09

GGE-I, 
73.024, 

1.62E+09

GGE-I, 
74.321, 

1.47E+09

GGE-I, 
75.604, 

1.32E+09

GGE-I, 
76.884, 

1.19E+09

GGE-I, 
77.886, 

1.07E+09

GGE-I, 
79.444, 

8.28E+08

GGE-I, 
80.724, 

6.61E+08

GGE-I, 
82.022, 

5.41E+08

GGE-I, 
83.025, 

4.78E+08

GGE-I, 
84.268, 

4.23E+08

GGE-I, 
85.543, 

3.51E+08

GGE-I, 
86.793, 

3.13E+08

GGE-I, 
88.058, 

2.80E+08

GGE-I, 
89.325, 

2.44E+08

GGE-I, 
90.575, 

2.20E+08

GGE-I, 
91.829, 

1.84E+08

GGE-I, 
93.115, 

1.66E+08

GGE-I, 
94.373, 

1.51E+08

GGE-I, 
95.62, 

1.39E+08

GGE-I, 
96.893, 

1.17E+08

GGE-I, 
98.15, 

1.07E+08

GGE-I, 
99.413, 

9.95E+07

GGE-I, 
100.671, 
9.37E+07

GGE-I, 
101.943, 
8.04E+07

GGE-I, 
103.208, 
7.56E+07

GGE-I, 
104.455, 
7.23E+07

GGE-I, 
105.729, 
6.85E+07

GGE-I, 
106.988, 
6.09E+07

GGE-I, 
108.25, 

5.83E+07

GGE-I, 
109.507, 
5.72E+07

GGE-I, 
110.769, 
5.17E+07

GGE-I, 
112.04, 

5.05E+07

GGE-I, 
113.29, 

4.95E+07

GGE-I, 
114.554, 
4.91E+07

GGE-I, 
115.821, 
4.50E+07

GGE-I, 
117.076, 
4.50E+07

GGE-I, 
118.345, 
4.54E+07

GGE-I, 
119.62, 

4.41E+07

GGE-II, 
37.321, 

1.89E+08

GGE-II, 
37.291, 

1.94E+08

GGE-II, 
37.265, 

1.87E+08

GGE-II, 
37.24, 

1.86E+08

GGE-II, 
37.205, 

1.85E+08

GGE-II, 
37.193, 

1.82E+08

GGE-II, 
38.176, 

1.90E+08

GGE-II, 
39.744, 

1.91E+08

GGE-II, 
40.968, 

1.97E+08

GGE-II, 
42.22, 

1.99E+08

GGE-II, 
43.568, 

2.04E+08

GGE-II, 
44.901, 

2.10E+08

GGE-II, 
46.181, 

2.11E+08

GGE-II, 
47.471, 

2.16E+08

GGE-II, 
48.734, 

2.21E+08

GGE-II, 
50.012, 

2.26E+08

GGE-II, 
51.272, 

2.28E+08

GGE-II, 
52.528, 

2.40E+08

GGE-II, 
53.806, 

2.46E+08

GGE-II, 
55.064, 

2.56E+08

GGE-II, 
56.321, 

2.63E+08

GGE-II, 
57.59, 

2.74E+08

GGE-II, 
58.849, 

2.80E+08

GGE-II, 
60.109, 

2.96E+08

GGE-II, 
61.39, 

3.03E+08

GGE-II, 
62.641, 

3.23E+08

GGE-II, 
63.898, 

3.45E+08

GGE-II, 
65.158, 

3.89E+08

GGE-II, 
66.433, 

4.70E+08

GGE-II, 
67.684, 

6.87E+08

GGE-II, 
68.951, 

1.11E+09

GGE-II, 
70.202, 

1.55E+09

GGE-II, 
71.475, 

1.63E+09

GGE-II, 
73.024, 

1.57E+09

GGE-II, 
74.321, 

1.43E+09

GGE-II, 
75.604, 

1.27E+09

GGE-II, 
76.884, 

1.13E+09

GGE-II, 
77.886, 

1.00E+09

GGE-II, 
79.444, 

8.93E+08

GGE-II, 
80.724, 

7.28E+08

GGE-II, 
82.022, 

6.53E+08

GGE-II, 
83.025, 

5.89E+08

GGE-II, 
84.268, 

4.63E+08

GGE-II, 
85.543, 

4.18E+08

GGE-II, 
86.793, 

3.82E+08

GGE-II, 
88.058, 

3.54E+08

GGE-II, 
89.325, 

2.85E+08

GGE-II, 
90.575, 

2.65E+08

GGE-II, 
91.829, 

2.49E+08

GGE-II, 
93.115, 

2.36E+08

GGE-II, 
94.373, 

1.97E+08

GGE-II, 
95.62, 

1.88E+08

GGE-II, 
96.893, 

1.82E+08

GGE-II, 
98.15, 

1.76E+08

GGE-II, 
99.413, 

1.72E+08

GGE-II, 
100.671, 
1.45E+08

GGE-II, 
101.943, 
1.41E+08

GGE-II, 
103.208, 
1.39E+08

GGE-II, 
104.455, 
1.37E+08

GGE-II, 
105.729, 
1.18E+08

GGE-II, 
106.988, 
1.16E+08

GGE-II, 
108.25, 

1.16E+08

GGE-II, 
109.507, 
1.16E+08

GGE-II, 
110.769, 
1.01E+08

GGE-II, 
112.04, 

1.00E+08

GGE-II, 
113.29, 

1.01E+08

GGE-II, 
114.554, 
8.82E+07

GGE-II, 
115.821, 
8.87E+07

GGE-II, 
117.076, 
8.95E+07

GGE-II, 
118.345, 
9.03E+07

GGE-II, 
119.62, 

8.11E+07

GGE-II, 
120.103, 
8.22E+07

GGE-II, 
120.024, 
8.44E+07

GGE-III, 
37.321, 

1.30E+08

GGE-III, 
37.291, 

1.22E+08

GGE-III, 
37.265, 

1.21E+08

GGE-III, 
37.24, 

1.15E+08

GGE-III, 
37.205, 

1.19E+08

GGE-III, 
37.193, 

1.18E+08

GGE-III, 
38.176, 

1.18E+08

GGE-III, 
39.744, 

1.24E+08

GGE-III, 
40.968, 

1.25E+08

GGE-III, 
42.22, 

1.26E+08

GGE-III, 
43.568, 

1.29E+08

GGE-III, 
44.901, 

1.35E+08

GGE-III, 
46.181, 

1.36E+08

GGE-III, 
47.471, 

1.40E+08

GGE-III, 
48.734, 

1.47E+08

GGE-III, 
50.012, 

1.51E+08

GGE-III, 
51.272, 

1.56E+08

GGE-III, 
52.528, 

1.59E+08

GGE-III, 
53.806, 

1.67E+08

GGE-III, 
55.064, 

1.67E+08

GGE-III, 
56.321, 

1.77E+08

GGE-III, 
57.59, 

1.80E+08

GGE-III, 
58.849, 

1.84E+08

GGE-III, 
60.109, 

1.89E+08

GGE-III, 
61.39, 

1.93E+08

GGE-III, 
62.641, 

2.00E+08

GGE-III, 
63.898, 

2.09E+08

GGE-III, 
65.158, 

2.18E+08

GGE-III, 
66.433, 

2.36E+08

GGE-III, 
67.684, 

2.75E+08

GGE-III, 
68.951, 

3.53E+08

GGE-III, 
70.202, 

4.93E+08

GGE-III, 
71.475, 

6.84E+08

GGE-III, 
73.024, 

8.72E+08

GGE-III, 
74.321, 

1.04E+09

GGE-III, 
75.604, 

1.14E+09

GGE-III, 
76.884, 

1.34E+09

GGE-III, 
77.886, 

1.51E+09

GGE-III, 
79.444, 

1.60E+09

GGE-III, 
80.724, 

1.64E+09

GGE-III, 
82.022, 

1.67E+09

GGE-III, 
83.025, 

1.68E+09

GGE-III, 
84.268, 

1.67E+09

GGE-III, 
85.543, 

1.64E+09

GGE-III, 
86.793, 

1.61E+09

GGE-III, 
88.058, 

1.57E+09

GGE-III, 
89.325, 

1.52E+09

GGE-III, 
90.575, 

1.48E+09

GGE-III, 
91.829, 

1.43E+09

GGE-III, 
93.115, 

1.39E+09

GGE-III, 
94.373, 

1.34E+09

GGE-III, 
95.62, 

1.30E+09

GGE-III, 
96.893, 

1.26E+09

GGE-III, 
98.15, 

1.21E+09

GGE-III, 
99.413, 

1.17E+09

GGE-III, 
100.671, 
1.13E+09

GGE-III, 
101.943, 
1.09E+09

GGE-III, 
103.208, 
1.05E+09

GGE-III, 
104.455, 
1.01E+09

GGE-III, 
105.729, 
9.63E+08

GGE-III, 
106.988, 
9.20E+08

GGE-III, 
108.25, 

8.73E+08

GGE-III, 
109.507, 
8.29E+08

GGE-III, 
110.769, 
7.82E+08

GGE-III, 
112.04, 

7.34E+08

GGE-III, 
113.29, 

6.85E+08

GGE-III, 
114.554, 
6.39E+08

GGE-III, 
115.821, 
5.90E+08

GGE-III, 
117.076, 
5.45E+08

GGE-III, 
118.345, 
5.07E+08

GGE-III, 
119.62, 

5.07E+08Lo
ss

 M
o

d
u

lu
s(

P
a)

Temp(°C)

GE

GGE-I

GGE-II

GGE-III

GE, 
37.321, 

2.76E+08

GE, 
37.291, 

2.29E+08

GE, 
37.265, 

2.22E+08

GE, 37.24, 
2.12E+08

GE, 
37.205, 

2.08E+08

GE, 
37.193, 

2.04E+08

GE, 
38.176, 

2.03E+08

GE, 
39.744, 

2.04E+08

GE, 
40.968, 

2.09E+08

GE, 42.22, 
2.07E+08

GE, 
43.568, 

2.12E+08

GE, 
44.901, 

2.13E+08

GE, 
46.181, 

2.13E+08

GE, 
47.471, 

2.16E+08

GE, 
48.734, 

2.19E+08

GE, 
50.012, 

2.24E+08

GE, 
51.272, 

2.24E+08

GE, 
52.528, 

2.29E+08

GE, 
53.806, 

2.28E+08

GE, 
55.064, 

2.35E+08

GE, 
56.321, 

2.38E+08

GE, 57.59, 
2.38E+08

GE, 
58.849, 

2.40E+08

GE, 
60.109, 

2.50E+08

GE, 61.39, 
2.47E+08

GE, 
62.641, 

2.56E+08

GE, 
63.898, 

2.67E+08

GE, 
65.158, 

2.68E+08

GE, 
66.433, 

2.80E+08

GE, 
67.684, 

2.99E+08

GE, 
68.951, 

3.25E+08

GE, 
70.202, 

3.98E+08

GE, 
71.475, 

4.01E+08

GE, 
73.024, 

4.03E+08

GE, 
74.321, 

4.06E+08

GE, 
75.604, 

4.08E+08

GE, 
76.884, 

4.12E+08

GE, 
77.886, 

4.14E+08

GE, 
79.444, 

5.06E+08

GE, 
80.724, 

6.81E+08

GE, 
82.022, 

8.57E+08

GE, 
83.025, 

9.44E+08

GE, 
84.268, 

9.86E+08

GE, 
85.543, 

1.02E+09

GE, 
86.793, 

1.00E+09

GE, 
88.058, 

9.94E+08

GE, 
89.325, 

9.83E+08

GE, 
90.575, 

9.70E+08

GE, 
91.829, 

9.56E+08

GE, 
93.115, 

9.39E+08

GE, 
94.373, 

9.20E+08

GE, 95.62, 
8.99E+08

GE, 
96.893, 

8.78E+08

GE, 98.15, 
8.56E+08

GE, 
99.413, 

8.31E+08

GE, 
100.671, 
8.05E+08

GE, 
101.943, 
7.78E+08

GE, 
103.208, 
7.51E+08

GE, 
104.455, 
7.25E+08

GE, 
105.729, 
6.97E+08

GE, 
106.988, 
6.70E+08

GE, 
108.25, 

5.97E+08

GE, 
109.507, 
5.74E+08

GE, 
110.769, 
5.51E+08

GE, 
112.04, 

5.27E+08

GE, 
113.29, 

5.00E+08

GE, 
114.554, 
4.36E+08

GE, 
115.821, 
4.17E+08

GE, 
117.076, 
3.97E+08

GE, 
118.345, 
3.76E+08

GE, 
119.62, 

3.54E+08

GE, 
120.103, 
3.13E+08

GE, 
120.024, 
3.23E+08

GCE-I, 
37.321, 

1.42E+08

GCE-I, 
37.291, 

1.23E+08

GCE-I, 
37.265, 

1.18E+08

GCE-I, 
37.24, 

1.12E+08

GCE-I, 
37.205, 

1.11E+08

GCE-I, 
37.193, 

1.09E+08

GCE-I, 
38.176, 

1.09E+08

GCE-I, 
39.744, 

1.07E+08

GCE-I, 
40.968, 

1.16E+08

GCE-I, 
42.22, 

1.21E+08

GCE-I, 
43.568, 

1.21E+08

GCE-I, 
44.901, 

1.27E+08

GCE-I, 
46.181, 

1.31E+08

GCE-I, 
47.471, 

1.39E+08

GCE-I, 
48.734, 

1.38E+08

GCE-I, 
50.012, 

1.42E+08

GCE-I, 
51.272, 

1.51E+08

GCE-I, 
52.528, 

1.57E+08

GCE-I, 
53.806, 

1.59E+08

GCE-I, 
55.064, 

1.65E+08

GCE-I, 
56.321, 

1.71E+08

GCE-I, 
57.59, 

1.81E+08

GCE-I, 
58.849, 

1.84E+08

GCE-I, 
60.109, 

1.91E+08

GCE-I, 
61.39, 

2.01E+08

GCE-I, 
62.641, 

2.15E+08

GCE-I, 
63.898, 

2.30E+08

GCE-I, 
65.158, 

2.58E+08

GCE-I, 
66.433, 

3.31E+08

GCE-I, 
67.684, 

5.77E+08

GCE-I, 
68.951, 

8.81E+08

GCE-I, 
70.202, 

9.92E+08

GCE-I, 
71.475, 

9.82E+08

GCE-I, 
73.024, 

9.61E+08

GCE-I, 
74.321, 

8.63E+08

GCE-I, 
75.604, 

7.60E+08

GCE-I, 
76.884, 

6.57E+08

GCE-I, 
77.886, 

5.62E+08

GCE-I, 
79.444, 

4.81E+08

GCE-I, 
80.724, 

4.11E+08

GCE-I, 
82.022, 

3.54E+08

GCE-I, 
83.025, 

3.07E+08

GCE-I, 
84.268, 

2.69E+08

GCE-I, 
85.543, 

2.38E+08

GCE-I, 
86.793, 

2.14E+08

GCE-I, 
88.058, 

1.94E+08

GCE-I, 
89.325, 

1.78E+08

GCE-I, 
90.575, 

1.64E+08

GCE-I, 
91.829, 

1.52E+08

GCE-I, 
93.115, 

1.42E+08

GCE-I, 
94.373, 

1.33E+08

GCE-I, 
95.62, 

1.03E+08

GCE-I, 
96.893, 

9.75E+07

GCE-I, 
98.15, 

9.21E+07

GCE-I, 
99.413, 

8.79E+07

GCE-I, 
100.671, 
8.35E+07

GCE-I, 
101.943, 
7.97E+07

GCE-I, 
103.208, 
7.42E+07

GCE-I, 
104.455, 
7.07E+07

GCE-I, 
105.729, 
5.79E+07

GCE-I, 
106.988, 
5.66E+07

GCE-I, 
108.25, 

5.51E+07

GCE-I, 
109.507, 
5.36E+07

GCE-I, 
110.769, 
5.22E+07

GCE-I, 
112.04, 

4.46E+07

GCE-I, 
113.29, 
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Figure 3.12 Effect of impact angle on erosion rate of carbon filler composites 

 
 

 
Figure 3.13 Effect of impact angle on erosion rate of granite filler composites 

 

 

 
Figure 3.14 Effect of impact angle on erosion rate of composites 

 

Figure 3.15 shows the erosion rate with respect to impingement angle at a pressure of 1 bar on all the composites. It 

shows that the composite with carbon nano filler of 3% volume fraction has less erosion rate. The erosion rate is less 

in carbon nano filler composites compared to granite nano filler composites. 
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Figure 3.15 Effect of impact angle on composites 

 

Effect of Impact Pressure 

Impact pressure is the pressure at which the sand particles impact on the eroded surface. Figure 3.16 shows the erosion 

rate with respect to impact angle at an angle of 300 on the composites with carbon nano filler. It shows that the erosion 

rate increases as the pressure increases. It also shows erosion rate decreases with the addition of filler. Similarly figure 

3.17 shows shows the erosion rate with respect to impact angle on the composites with granite nano filler. 
 

 

 

 

 

 

 

 

 

Figure 3.16 Effect of impact pressure on erosion rate of composites with carbon nano filler 

 

 
 

 

 

 

 

 

 

 

 

 

 

Figure 3.17 Effect of impact pressure on erosion rate of composites with granite nano filler 

 

IV. CONCLUSION 

 This experimental examination of glass fiber epoxy composites with different nano fillers indicates to the many 

conclusions. 

 The utilization of granite powder will avoid the disposal problems and related environmental issues. 

 The successful fabrication of a glass fiber reinforced epoxy composites with different nano fillers and with 

different volume fractions has been done by simple hand lay-up technique. 

 It has been observed that as the filler percentage increases in the composites the tensile strength of the 

composites slightly decreases. 

 It has been noticed that the dynamic mechanical properties of the composites are greatly influenced by 

reinforcement of nano filler into the composites. The filler addition improves the dynamic mechanical 

properties. 

 It was observed that the loss factor tanδ is maximum for the composite with 1% carbon  nano filler. The glass 

transition temperature with 1% carbon nano filler composite is 76.77oC 
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 It shows that the composites with 1% carbon nano filler has less storage modulus E´. The storage modulus 

drops at 69 ºC for almost all the composites. 

 The loss modulus E´´ of the composite with 2% volume fraction of carbon nano filler is maximum. At higher 

temperatures the loss modulus decreases for composites with fillers. 

 The erosion rate of different composites with different nano fillers were found with different parameters like 

impingement angle, impact pressure. The erosion rate increases with increase in impact pressure. The erosion 

rate is maximum at the impingement angle 600. 

 XRD analysis reveals that the material is strain as the peaks are shifted towards left and no precipitates has 

been formed. 
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