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Abstract- By using an immediate cross-linking procedure, five samples were created. Neat epoxy and epoxy 

filled with 0.5, 1.0, 1.5 and 2.0 wt% of Al2O3 nanorods. At three different reciprocating speeds of 20, 40 and 60 

mm/s (corresponding frequencies were 4,8 and 12 Hz for a wear stroke length of 5 mm) wear tests were 

performed on all samples using a ‘linearly reciprocating ball on flat tribometer’ against an ASE 304 stainless 

steel counter surface at room temperature with a constant load of 15 N. It was found that with an increase in 

reciprocating speeds, specific wear rate increases because of greater frictional heating and material softening. 

It was also observed that with an increase in reciprocating speeds, the coefficient of friction reduces, as 

frictional heating leads to surface softening, reducing adhesion. An increase in the wt% of Al₂O₃ as 

reinforcement in the epoxy matrix improves wear resistance and reduces the coefficient of friction up to 1.5 

wt% reinforcement in the epoxy; a further increase in Al₂O₃ reduces wear resistance and increases the 

coefficient of friction.minimal important change, lumbar decompression, radiculopathy, patient-centred care 
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I. INTRODUCTION 

 

          Polymers are created via the polymerization of many small molecules (monomers) into a 

covalently bonded chain. Special features of polymers are resistance to environmental corrosion, ability 

to sustain impact load, low density, high specific strength, quiet operation due to vibration and noise 

absorption. However, there are some inherent shortcomings, such as lower load-carrying capacity, 

higher friction and wear rates than those with liquid-lubricated metals, poor thermal conductivity and 

limited dimensional stability due to thermal expansion. Hence, neat polymers are generally not 

adequate for the required end use. To overcome the shortcomings of the above-mentioned neat 

polymer, the reinforcement of nanosize particles is made in the polymer matrix. 

 

          In composite materials one of the phases is usually discontinuous, stiffer and stronger which is 

called reinforcement, whereas the less stiff and weaker phase is continuous and called a matrix. The 

properties of composite materials depend on the properties of its constituents, geometry, weight 

fraction, etc. Out of which, an important parameter is the volume (or weight) percentage of 

reinforcement. The degree of reinforcement depends on several factors, including whether the polymer 

is crystalline or not and the amount of crystallinity that has developed. Semi-crystalline polymers are 

more efficiently reinforced than amorphous polymers. Because reinforcement becomes surrounded by 

a microcrystalline structure, which binds the reinforcement more firmly to the polymer [1]. Reducing the 

particle size to a nanoscale level is assumed to reach a significant efficiency [2]. Nanosize particles as 

reinforcing material show their quantum size effect, surface effect and volume effect, which make the 

nanocomposites have excellent wear resistance and good corrosive resistance, excellent heat resistance, 

high strength and low creepage [3].  Recently, nanometer sized inorganic compounds such as TiO2, ZnO, 

SiO2, Al2O3, Si3N4 etc. were tried as the fillers of fabric composites and polymers to improve the 

tribological properties [4–9]. Epoxy-base matrix composites have tremendous potential to substitute for 

traditional metallic materials [10]. Epoxy resin (EpR) is one of the most common thermoset polymers. 

Polymer nanocomposite has the advantages of low cost and simplified manufacturing processes [11]. 

Wear is the loss of materials on the surfaces of two rubbing bodies. The changes in the surface layer 

arise from mechanical stresses, temperature and chemical reactions [12]. While a broader definition of 

wear includes any form of surface damage caused by rubbing processes on one surface against another 

[13]. The amount of wear in any system will, in general, depend upon a number of factors, such as the 

applied load, machine characteristics, sliding speed, sliding distance, the environment, and the material 

properties. The value of any wear test method lies in predicting the relative ranking of material 



 

International Conference on Science, Engineering 
& Management Trends 

International Journal of Science, 
Engineering and Technology 
ISSN: 2348-4098, P-ISSN: 2395-4752 

 

 

 
Page. 3 

 

 

 

 

 

 

 

 

combinations. It does not attempt to duplicate all the conditions that may be experienced in service (for 

example, lubrication, load, pressure, contact geometry, removal of wear debris, and presence of 

corrosive environments); there is no assurance that the test will predict the wear rate of a given material 

under conditions differing from those in the test [14]. In case of composite in which  aluminium 6063 

mixed with TiC, B4C, and carbide particles using stir casting process, shown superior to base Al alloy 

6063. The sliding velocities selected were 2, 2.5, and 4 m/s. It was observed that the wear rate marginally 

increases with the increase of sliding velocity. This may be due to plastic deformation on the surface 

and the formation of high temperature because of high velocity. At higher velocity, temperature 

increases due to this thermal softening taking place, and this leads to more wear [15]. 

         

  In the case of a sliding stainless steel pin on different types of material such as cloth-reinforced ebonite 

(gear fiber), glass fiber-reinforced plastic (glass fiber), nylon, and polytetrafluoroethylene (PTFE), the 

normal load range was 10 to 20 N, and the sliding velocity range was 1 to 3 m/s. In each trial, the 

duration of rubbing was 30 minutes. It was observed that wear rates of tested materials increased with 

increasing sliding velocity, and the rates of increment are different for different types of materials. 

Variation of wear rate (from 1.33 to 3.80, 0.27 to 1.5, 0.1 to 1.5 and 0.13 to 0.27 mg/min) with the 

variation of sliding velocity from 1 to 3 m/s for gear fiber, glass fiber, nylon, and PTFE, respectively. The 

wear rate increased due to reduced shear strength at higher sliding velocity [16]. In the case of epoxy 

resin 398 as a matrix having filler as glass fiber and graphite powder in different wt%. A pin-on-disc 

setup was used to investigate the dry sliding wear characteristics of the composites as per ASTM G99-

95 standards against a hardened En-32 alloy steel disc with a hardness value of 62 62HRC, a thickness 

of 8 mm, and a surface roughness of 10 μm Ra. A variation of specific wear rate with applied load of 30 

N and sliding distance of 2000 m under varied sliding velocities was made. It was noticed that the 

specific wear rate of tested composites increases with increasing sliding velocity [17]. In the case of 

epoxy filled with 60% woven glass fibers, the effect of normal loads and sliding velocities on the friction 

and wear behavior sliding against a steel disc in dry condition is investigated experimentally using a 

pin-on-disc type wear and friction monitor. Tests are conducted at normal loads of 5, 10, 20, 30, 40, and 

50 N and the sliding velocities of 0.5, 1, 2, and 3 m/s. Friction and wear are influenced by the duration 

of sliding, normal load, and sliding velocity. It was investigated that the friction coefficient increases with 

the increase of sliding velocity for all levels of normal load; this may be due to more adhesion of the 

sliding disc with the composite. The wear loss increases with the increase of normal load and sliding 

velocity. The highest friction coefficient has been recorded at 3 m/s velocity, whereas the lowest friction 
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coefficient was recorded at 0.5 m/s velocity. The highest wear loss is recorded at 3 m/s velocity, whereas 

minimum wear loss is recorded at 0.5 m/s velocity [18].  

 

 

It was observed that the sliding velocity has a more significant effect on the sliding wear as compared 

to the applied load and variations of wear rate with operating time [19]. Applied load and sliding speed 

play significant roles in the wear behavior of polymers and composites. They also showed that applied 

load has more effect on the wear than the speed for composites [20-21]. 

II. MATERIAL AND EXPERIMENTAL METHODS 
 

1. Material 

          Low molecular weight epoxy with bisphenol A (LY 556) as matrix material and hardener (HY 951) 

were used in this work. Huntsman Advanced Material, India, provided both of the materials. At room 

temperature (25 °C), the densities of the epoxy and curing agent hardener utilized are 1.17 g/cc and 

0.98 g/cc, respectively. In this study, cylinder-shaped alumina (Al2O3) nanorods were used as 

reinforcement. These Al2O3 nanorods were 5–10 nm in diameter, up to 50 nm in length, 40 m2/gm of 

specific surface area, and 4.0 gm/cc in density. These Al2O3 nanorods were provided by Sigma Aldrich 

Pvt. Ltd. and used in the present work to strengthen the epoxy in its natural state without any surface 

modification. 

 

2. Synthesis of epoxy/Al2O3 polymer nanocomposite 

          Al2O3 nanorod-reinforced epoxy nanocomposites were created using an immediate cross-linking 

technique. This study employed epoxy, a liquid polymer. Alumina particles of the requisite weight 

percentages (0.5, 1.0, 1.5 and 2 wt%) were heated at 150 °C for 4 hours to remove moisture before being 

used to prepare the samples. After that, dried alumina nanorods were manually mixed for 10 minutes 

with acetone and the necessary amount of epoxy resin.  

 

This mixture was then subjected to an hour-long sonication. Following that, acetone was eliminated 

from the mixture using a hot plate procedure. The mixture was placed in a vacuum for 30 minutes in 

order to release the trapped gases created by the sonication process. Then hardener was gradually 

included in the mixture, such that the hardener-to epoxy ratio was 1:10. To release any gases that may 

have been trapped, this mixture was once again maintained in a vacuum for five minutes. Finally, the 
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mixture was put into a vertical acrylic mold and allowed to cure for 24 hours at room temperature. These 

samples were then taken out of the molds and post-cured in a hot air oven at 100°C for four hours. 

 

3.  Density measurement 

          Weighting equipment ('mettler toledo' ME155DU/A, capacity 152 g - 4 mg, least count 0.1 mg) 

was used to determine each sample's density. Each sample's density was determined using the 

Archimedes method.   

ρ = 
M.ρa

M−Ma
                                  . . . . . Eq. 1 

Where ρ is density of sample (in g/cc), M is mass of samples in air (in g), Ma is mass of samples dipped 

in acetone (in g) and ρa is density of acetone (in g/cc).  

  

4.  Friction and wear measurement 

          The tribological properties of epoxy and epoxy containing Al2O3 nanorods were experimentally 

evaluated in accordance with ASTM standard G133-05 (2016). Dry sliding wear tests were performed 

using a ‘linearly reciprocating ball on a flat tribometer’ (specifications: Company Rtec instruments, 

maximum load up to 5000 N, temperature range 120–1200 °C, stroke 1–30 mm, and frequency up to 70 

Hz). A counter surface of ASE 304 stainless steel balls with a 70 HRC room temperature hardness was 

used. All the samples were shaped like plates with dimensions of 20×10×10 mm.  

 

Prior to the wear testing, the samples were polished with sandpaper of varying grades, up to 2000 grade. 

At room temperature, a normal load of 15 N was used throughout the test, and the reciprocating speeds 

were set at 20, 40 and 60 mm/sec corresponding frequencies were 4,8 and 12 Hz for a wear stroke 

length of 5 mm. During the test, a total of 60 meters of sliding distance were covered. Three different 

wear tests were performed on each sample, with the average result being utilized.  

 

 Frictional force is displayed internally on the 'linearly reciprocating ball on flat tribometer' control panel 

when the test is being done. The usual applied load was divided by the frictional force to determine the 

coefficient of friction. The specimen's weight was measured before and after the test with an accuracy 

of 0.1 mg using an electronic balance. The difference between a specimen's mass before and after wear 

is referred to as mass loss. The volume loss is then determined by multiplying the mass loss by the 

density of the corresponding samples. 
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III. RESULTS AND DISCUSSION 
 

1. Wear test 

          Table 1 illustrates the impact of wt% of reinforcement on the specific wear rate at room 

temperature (25 °C) for different reciprocating speeds of 20, 40 and 60 mm/sec. 

 

 

 

 

Table 1: Specific wear rate for various samples (×10-6 mm3/N.m)  

 Reciprocating Speeds 

 20mm/s 40 mm/s 60 mm/s 

Sample Specific wear rate (×10-6 mm3/Nm) 

Pure Epoxy 4.8503 6.1518 7.5021 

Epoxy + 0.5% Al₂O₃ 4.1538 4.925 5.8526 

Epoxy + 1.0% Al₂O₃ 3.4038 4.1538 4.9355 

Epoxy + 1.5% Al₂O₃ 2.8532 3.5238 4.3507 

Epoxy + 2.0% Al₂O₃ 3.1528 3.852 4.6503 
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Figure . 1 Variation in specific wear rate for various samples 

From figure 1 it can be observed that the variation of specific wear rate with reciprocating speed for 

epoxy and epoxy filled with Al₂O₃ nanorod clearly shows that sliding velocity plays a dominant role in 

the wear behaviour of the samples. The neat epoxy exhibits the highest wear rate at all speeds, 

increasing rapidly from about 4.7 × 10⁻⁶ mm³/N·m at 20 mm/s to nearly 7.5 × 10⁻⁶ mm³/N·m at 60 

mm/s. This sharp increase is because of lower hardness and resistance to plastic deformation attributed 

to thermal softening of the polymer matrix, and the formation of adhesive junctions at higher speeds. 

In contrast, the nanocomposite specimens reinforced with 0.5, 1.0, 1.5, and 2.0 wt% Al₂O₃ nanorod 

demonstrate considerably lower wear rates across the entire speed range. The presence of rigid and 

thermally stable Al₂O₃ nanorods enhances the load-bearing capacity, reduces micro-cutting, and limits 

thermal degradation, resulting in a more gradual increase in wear with speed compared to the neat 

epoxy.  

 

Among the composites, the 1.5 wt% sample displays the lowest wear rate at all speeds, confirming that 

higher filler loading forms a more robust reinforcement network and effectively strengthens the matrix 

against abrasion and fatigue wear mechanisms. While reinforcement of 2.0 wt% Al₂O₃ shows a slight 

increase in wear due to potential particle agglomeration, which weakens the composite. Thus we can 
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say that the addition of Al₂O₃ nanorods helps reduce wear, but at excessive filler loading (2.0 wt%), 

agglomeration may counteract benefits. An increase in reciprocating speeds increases specific wear 

rate because of greater frictional heating and material softening. 

 

When compared with previously published research, the present results follow the same behavioral 

pattern reported for aluminium-based stir-cast composites reinforced with TiC and B₄C, where wear 

increased with sliding velocity due to thermal softening. A similar agreement is observed with studies 

on stainless steel pin sliding over polymers such as gear fiber, glass fiber, nylon, and PTFE, which showed 

increased wear at higher velocities because of reduced shear strength under elevated temperatures. 

Moreover, earlier investigations on glass-fiber- and graphite-filled epoxy systems also reported that 

specific wear rate rises with speed due to friction-induced heat generation, consistent with the 

performance of the neat epoxy in the present study. Likewise, the increasing wear and friction coefficient 

observed in woven glass-epoxy composites at higher sliding speeds is reflected here, particularly in the 

steep slope of the neat epoxy curve. Overall, the results strongly support the literature, while clearly 

demonstrating that the addition of alumina nanorods significantly improves the tribological 

performance of epoxy by mitigating velocity-induced adhesive wear and thermal softening. 

 

2. Friction test 

Table 2 illustrates the impact of wt% of reinforcement on the coefficient of friction at room temperature 

(25 °C) for different reciprocating speeds of 20, 40 and 60 mm/sec. 

 

 

 

Table : 2 Coefficient of friction  for various samples 

 Reciprocating Speeds 

 20 mm/s 40 mm/s 60 mm/s 

Sample Average coefficient of friction 

Pure Epoxy 0.6055 0.5506 0.5121 

Epoxy + 0.5% Al₂O₃ 0.5512 0.5018 0.4536 

Epoxy + 1.0% Al₂O₃ 0.5201 0.4483 0.4154 

Epoxy + 1.5% Al₂O₃ 0.4312 0.4016 0.3516 

Epoxy + 2.0% Al₂O₃ 0.4712 0.4303 0.4016 
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Figure . 2 Variation in coefficient of friction with reciprocating speed 

From Figure 2, it can be seen that coefficient of friction decreases progressively with increasing 

reciprocating speed for all tested samples, with neat epoxy exhibiting the highest friction values across 

the entire speed range. At low speed (20 mm/s), friction is relatively high due to pronounced asperity 

interaction and adhesion between the epoxy surface and the steel counterface. As the speed increases 

to 40 and 60 mm/s, thermal softening of the epoxy matrix and the formation of a thin transfer film 

reduce interfacial shear strength, resulting in a noticeable drop in friction. Reinforcement with Al2O3 

nanorods significantly lowers the coefficient of friction compared to pure epoxy, and this effect becomes 

stronger with increasing filler concentration. The composites containing 1.5 and 2 wt% nanorods show 

the lowest friction values at all speeds, indicating enhanced load-bearing capability, increased surface 

hardness, and reduced adhesion-dominated interaction. At 2.0 wt% Al₂O₃, the coefficient of friction 

slightly increases, likely due to particle agglomeration leading to rougher sliding conditions. The 

gentler decline in friction for the reinforced composites with rising speed shows that the Al2O3 nanorods 

help stabilize the tribological interface by minimizing thermal softening and promoting a more uniform 

transfer film. These observations are consistent with earlier literature, where polymer- and epoxy-based 

composites similarly exhibited reduced friction at higher sliding velocities and improved tribological 

performance with the inclusion of hard reinforcements such as glass fibers, graphite, TiC, and carbide 
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particles. Overall, the obtained results confirm that sliding speed and nanoparticle reinforcement play 

critical roles in controlling frictional behavior, with higher speeds and higher Al2O3 content contributing 

to smoother, more stable sliding. 

 

IV. CONCLUSIONS 

 

 Pure epoxy has the highest specific wear rate due to its lower hardness and resistance to plastic 

deformation. 

 Wear resistance increases with an increase in wt% of Al₂O₃ nanorods up upto 1.5 wt%, and 1.5 

wt%  Al₂O₃ provides the best wear resistance due to optimal particle dispersion and load-

bearing capacity. 

 Reinforcement of 2.0 wt% Al₂O₃ shows a slight increase in wear due to potential particle 

agglomeration. 

 An increase in reciprocating speeds increases specific wear rate because of greater frictional 

heating and material softening. 

 Pure epoxy has the highest COF due to its softer nature and higher adhesion to the counter 

surface. 

 Adding Al₂O₃ nanorods from 0.5 to 1.5 wt% in an epoxy matrix reduces the coefficient of 

friction, and 1.5 wt% Al₂O₃ provides the lowest coefficient of friction. 

 At 2.0 wt% Al₂O₃, the coefficient of friction slightly increases, likely due to particle 

agglomeration leading to rougher sliding conditions. 

 With an increase in reciprocating speeds, the coefficient of friction reduces, as frictional 

heating leads to surface softening, reducing adhesion. 
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