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HIGHLIGHTS 

 To presence of nanoparticles enhanced wear properties of epoxy polymer and FRP composites.  

 Specific wear rate of 25wt% nanosilica content in the specimen was lower than the 5wt% and 13wt% 

nanosilica content for both polymer systems with and without glass fibre 

 The nanosilica filled fiber reinforced polymer composites have a high potential in tribological 

application such as ball bearing housing and snow sleds. 

 

ABSTRACTS 

 

This paper is aimed to determine the wear properties of nanosilica filled epoxy polymers and FRP 

composites. Woven fiberglass has been deployed as the reinforcement material. The fibers were mixed with 

three different percentages of nanosilica-modified epoxy resin, i.e: 5wt%; 13wt%; 25wt%, in order to 

fabricate the desired samples of FRP composites. The effect of nanosilica on wear properties was evaluated 

using dry sliding wear and slurry tests. The results show that increasing the amount of nanosilica content 

has reduced the amount of accumulated mass loss. It was found that the FRP laminates with 25wt% of 

nanosilica have the highest wear resistance. The nanosilica filled fiber reinforced polymer composites have 

a high potential in tribological application such as ball bearing housing and snow sleds. 
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1.0 INTRODUCTION 

 

The excellent properties of polymers, such as high strength and modulus to weight 

ratio, render them as the best materials to be used in many types of application especially 

in engineering field (Tewari et al., 1992). Cured thermosetting polymers often exhibit 

brittle behaviour, therefore these materials have widely been used in the fabrication of 

secondary structures. Primary structures require high fracture toughness, impact 

resistance and wear resistance properties. Therefore, numerous studies have been 

conducted to improve the brittle properties of cured polymer in order to be used as 

primary structures. It has been reported in the literature that the inclusion of nanoparticles 

improved the fracture toughness of polymers without sacrificing the failure strain. 

However, the study on the effect of nanoparticles on wear properties of polymers and 

fibre reinforced polymer (FRP) composites has not been comprehensively evaluated.  

Wear is defined as the loss of material from one or both of contacting surfaces 

when subjected to relative motion, while a broader definition of wear includes any form 

of surface damage caused by rubbing processes on one surface against another [Tewari et 

al., 1992; Archard, 1953; Suresha et al., 2009). Many researchers have studied wear 

behavior of various types of fibre reinforced polymer composite materials such as kenaf 

composites and oil palm fruit bunch composites (Ghani et al., 2013; Kasolang et al., 2012; 

Kasolang et al., 2011). Some typical wears tests are slurry test using slurry erosion test 

rig and dry sliding test using abrasion resistance tester or pin-on-disk. In order to 

determine wear properties, the wear tests are carried out to measure the mass loss, 

specific wear rate, surface roughness, and coefficient of friction.  Abrasive wear occurs 

when hard particles or hard asperities rub against a surface to cause damage or material 

removal. From Archard wear model (Archard, 1953), the specific wear rate, sW , can be 

generally determined using the following equation (1), where sW  in (mm3/Nm), ∆m is 

weight loss (g), L is sliding distance (m), ρ is density (g/mm3) and F is applied load (N). 
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Fiber reinforced polymer (FRP) is a composite material containing polymer 

matrix that is reinforced with structural fiber such as fiberglass. Fiberglass is used 

because of its properties such as high electrical insulating properties, good heat resistance, 

and has the lowest cost. Most commonly used fiberglass is E-glass. Suresha et al. stated 

that E-glass have found extensive application in naval structures. The tribological 

properties were found to depend on the type of resin, shape, size and orientation of the 

fibers used for the reinforcements. They observed that fiberglass reinforced vinyl ester 

with styrene as co-monomer and woven roving fabric has the best mechanical and wear 

properties. Woven rovings E-glass was chosen in the fabrication due to a cheaper 
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production cost where the expense of yarn preparation was eliminated. Nanocomposites 

are materials that incorporate nano-sized particles into a polymer, metal or ceramic 

matrix material. There has been a significant improvement in properties of the material 

including mechanical strength, toughness and electrical or thermal conductivity because 

of the addition of nanofiller in the composite. The addition of a small amount of 

nanofiller, normally between 0.5 and 5% by weight, results in considerable alteration on 

the properties of the pristine material. Zhang et al. stated that the performance of 

nanocomposites is normally attributed to the huge interfacial bonding area between the 

nanofiller and the polymer matrix, which potentially leads to better bonding between 

different phases, and therefore to a better property profile than that achieved with 

conventional polymer composites. Traditional micro-sized particles normally increase 

some properties, like stiffness and hardness, but give a detrimental effect on other 

properties, such as toughness and strength whereas nanosized filler can simultaneously 

improve mechanical properties and wear resistance without reducing the failure strain or 

plastic deformation of polymer composites (Zhang et. al., 2013; Yu at al., 2014; Jumahat 

et al., 2010). In this study, slurry and dry sliding tests were carried out to evaluate the 

wear properties of nanosilica filled epoxy polymer and FRP composite when compared to 

the properties of pure systems. 

 

2.0  METHODOLOGY 

 

2.1 Sample Preparation 

 

The required samples were prepared by mixing resins and composite materials. 

Nanosilica was added to the epoxy resins in three different amounts in weight percentage: 

5wt%, 13wt%, and 25wt%. The mixture was stirred in a beaker, placed on hot plate, for 

30 minutes. The heated mixture was stirred at 250 rpm at 30oC to get a homogeneous 

dispersion of nanosilica in epoxy matrix. Then, the mixture was treated in a vacuum 

machine for 90 minutes to degas the oxygen and avoid the appearance of bubbles in the 

mixture. Finally, hardener was added to the mixture and stirred evenly to get perfectly 

cured samples. 

 

2.2 Nanomodified Resin (Nanosilica-Filled Epoxy Polymer) 

 

Silicon Molds, as shown in Figure 1, were fabricated using silocast and hardener. 

Silocast and hardener were mixed and poured into basin containing prototype specimens 

of dry sliding test. It was left to cure for 24 hours before it can be used to make 

specimens for dry sliding and slurry tests. The dimensions of dry sliding and slurry tests 

specimens are shown in Figure 2. 

 



Jurnal Tribologi 6 (2015) 24-36 

 

 27 

2.3 Nanomodified Resin Filled FRP Composites 

 

There were 24 mats of woven fiberglass with size of 250 mm × 250 mm prepared 

to make 6 mm thickness of sample. The laminate of woven fiberglass is layered with the 

mixture of nanomodified resin. The laminates were then degassed by using vacuum 

bagging process to remove trapped air for about 1 hour. Finally, the specimens were 

cured at room temperature for 12 hours to ensure the specimen was hard and dry enough 

for the subsequent cutting process. The cured laminate was cut in accordance to dry 

sliding and slurry tests specimen’s dimensions as shown in Figure 2. 

 

 
(a) 

 
(b) 

Figure 1: Silicon molds for the fabrication of (a) dry sliding test specimen and (b) slurry 

test specimen. 

 

 

 
(a) 

 
(b) 

Figure 2: Dimensions of (a) dry sliding test specimen and (b) slurry test specimen 
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2.4 Dry Sliding Wear Test 

 

Dry sliding wear test was done by using Abrasion Resistance Tester. The 

Schematic diagram of the abrasion test apparatus is shown in Figure 3. The shape of 

sample for this test is thin cylinder shape with diameter of 123 mm and thickness of 6 

mm as shown in Figure 2a. The sample was installed to the platform of the machine and 

put in contact with two rotating abrasive wheel made from vitrified bonded silicon 

carbide. The schematic diagram of the abrasion test apparatus is shown in Figure 3. 

Before each test, abrasive wheels were cleaned from any dust using a dry brush. 

Summary of the operational conditions is given in Table 1. The initial mass of the sample 

was taken before performing the testing. The sample was rotating at a constant speed of 

1.4 m/s for 2000 m distance travel before the mass of the sample been taken again. The 

mass of the sample was taken using precision balance for every 2000 m distance travel up 

until 10000 m. Based on the mass loss value recorded, the specific wear rate was 

calculated using equation (1). Figure 4 shows the examples of (a) cured polymer samples 

and (b) FRP composite samples after dry sliding test. 

There were 24 mats of woven fiberglass with size of 250 mm × 250 mm prepared 

to make 6 mm thickness of sample. The laminate of woven fiberglass is layered with the 

mixture of nanomodified resin. The laminates were then degassed by using vacuum 

bagging process to remove trapped air for about 1 hour. Finally, the specimens were 

cured at room temperature for 12 hours to ensure the specimen was hard and dry enough 

for the subsequent cutting process. The cured laminate was cut in accordance to dry 

sliding and slurry tests specimen’s dimensions as shown in Figure 2. 

 

Table 1: Operating parameters for dry sliding test 

Parameters  Experimental Conditions  

Contact geometry  Cylinder on flat 

Type of motion Unidirectional sliding 

Applied load 20 N 

Sliding speed 1.4 m/s 

Sliding distance 2000 m to 10000 m at interval of 2000 m 
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Figure 3: Schematic diagrams of the abrasion test apparatus 

 

 

 
(a) 

 
(b) 

Figure 4: Examples of (a) polymer specimens and (b) FRP specimens, after dry sliding 

wear test 

 

2.5  Slurry wear test 

Slurry sliding wear test was conducted using a Slurry Erosion Test Rig and sand 

was used as slurry material. The shape of sample for this test is rectangular shape with the 

dimensions of 75 mm length × 25 mm width × 6 mm thick as shown in Figure 2b. The 

specimen was attached to specimen holder and in contact with slurry. The slurry contains 

a mixture of water and sand with medium size range of 0.2 mm to 0.63 mm. The surfaces 

of sample were in contact with sand particles that cause the erosion on the surface of the 

sample. Figure 5 shows the inner part of slurry vessel with a diameter of 120 mm and 

height of 120 mm. There are three blades in the slurry vessel which were used to prevent 

the rotation of slurry and retain the slurry in still position during the test. Summary of the 

operational conditions is tabulated in Table 2. The amount of weight loss for each 

specimen was measured from initial condition and every 2000m at suitable intervals by 

weighing the specimen to an accuracy of +0.0001g using a precision balance. Based on 

the mass loss value recorded, the specific wear rate was calculated using equation (1). 
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Figure 6 shows the examples of (a) cured polymer samples and (b) FRP composite 

samples after slurry wear test. 

 

Table 2 Operating parameters for slurry test 

Parameters  Experimental Condition 

Type of motion  Unidirectional sliding 

Type of sand  Medium size (0.2 mm – 0.63 mm) 

Sliding speed  1.4 m/s 

Sliding time 20 hours at interval of 4 hours  

Sliding distance 2000 m to 10000 m at interval of 2000 m 

 

 

 
Figure 5: Slurry Vessel (with diameter = 120 mm, height = 120 mm) 

 

 

 
(a) 

 
(b) 

Figure 6: Examples of (a) polymer specimens and (b) FRP specimens, after slurry wear 

test 
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3.0  RESULTS AND DISCUSSION 

 

3.1  Dry Sliding Wear Test Results 

 

The results obtained for mass loss and the corresponding specific wear rate for all 

samples are shown in Fig. 7(a) and Fig. 7(b) respectively. In Fig. 7, profiles of mass loss 

over distance have a similar increasing trend for all samples of pure resin, nanosilica resin 

and nanosilica filled FRP composites with 5wt%, 13wt%, and 25wt% nanosilica contents. 

In Fig. 7(a), nanosilica composites with 25wt% have the lowest mass loss. Generally, it 

can be observed that increasing the amount of nanosilica content has reduced the amount 

of accumulated mass loss. Epoxy polymer with 5wt% nanosilica has a profile in a close 

resemblance to that of pure resin. In Fig. 7(b), the results for nanosilica FRP composite 

show that both FRP samples with 13wt% and 25wt% nanosilica contents have 

overlapping profiles with the lowest values. As expected, pure resin has the highest 

cumulative mass loss. 

 

 
(a) 

 
(b) 

Figure 7: Typical curves of mass loss versus distance for (a) nanomodified polymer and 

(b) nanosilica filled FRP composite when compared to pure system using dry sliding test 

 

Pure resin has the biggest accumulated mass loss of 2.85 g after 10000 m distance 

when compared to those three nanomodified resin. The accumulated mass loss for 5wt%, 

13wt%, and 25wt% nanomodified resin are 2.68 g, 1.97 g and 0.96 g, respectively. The 

difference observed in the accumulated mass loss is suspected due to the composition of 

the nanosilica. For the case of nanomodified FRP composites, the accumulated mass loss 

is significantly lower especially for 13wt% and 25wt% samples with 0.55 g, and 0.6 g, 

respectively. The accumulated mass loss for pure resin filled FRP composite at 10000 m 

remains high with 3.8 g. The results pointed out that nanomodified resin with additional 

fiber glass have better wear resistant compared to those without fibre. This is probably 

due to the contribution of the fiber glass in the nanomodified resin. 
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(a) 

 
(b) 

Figure 8: Typical curves of specific wear rate versus distance for (a) nanomodified 

polymer and (b) nanosilica filled FRP composite when compared to pure system using 

dry sliding test 

 

From the mass loss values, the specific wear rate profiles were produced for both 

nanomodified resin and nanomodified resin filled FRP composite using equation (1) as 

shown in Fig. 8(a) and Fig. 8(b), respectively. The specific wear rate for pure resin is the 

highest amongst those three nanomodified resin which is 0.0109 mm3/Nm. For 

nanomodified resin, the specific wear rate profiles versus distance for all cases of 5wt%, 

13wt%, and 25wt% have a similar pattern. Epoxy polymer with the 25wt% nanosilica 

having the lowest specific wear rate of 0.003 mm3/Nm. This is believed to be linked to 

the composition of the nanosilica in the pure resin as discussed earlier. The specific wear 

rate decreases with increasing nanosilica content (Zhang et al. 2013). 

For the case of nanomodified resin filled FRP composite, the specific wear rate 

profiles for 13wt% and 25wt% are similar and horizontal indicating a constant rate over 

distance. Both cases, 13wt% and 25wt%, have a distinctively lower specific wear rate of 

0.0024 mm3/Nm and 0.0021 mm3/Nm, respectively, when compared to pure resin and 

5wt% FRP composite with 0.0075 mm3/Nm and 0.0087 mm3/Nm, respectively. The 

findings in this study are consistent with that of Zhang et al., where they found that the 

specific wear rate tend to decrease when the content of nanosilica is higher than a critical 

value of 10wt%. 

 

3.2  Slurry Wear Test Results 

 

Figures 9 and 10 show the results obtained using Slurry Erosion Test Rig for mass 

loss and the corresponding wear rate for two different samples (a) polymer and (b) FRP 

composites with three different nanosilica contents (5wt%, 13wt% and 25wt%). The 

results were compared to those of the pure polymer and FRP composite systems. Figure 9 
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shows profiles of mass loss over distance. The curves show a similar increasing trend for 

all samples of pure resin, nanosilica resin and nanosilica filled FRP composites with 

5wt%, 13wt%, and 25wt% nanosilica contents. These results are consistence to those 

obtained using dry sliding wear test as shown in Fig. 7(a) and Fig. 7(b). 

 

 
(a) 

 
(b) 

Figure 9: Typical curves of mass loss versus distance for (a) nanomodified polymer and 

(b) nanosilica filled FRP composite when compared to pure system using slurry test 

 

Figure 9a shows that the accumulative mass loss of cured epoxy polymer 

increases with increasing travel distance. The addition of nanosilica has reduced the 

accumulative mass loss of the polymer, for instance at travel distance 10000m the 

accumulative mass loss has reduced from 0.09g to 0.0485g with the addition of 25 wt% 

nanosilica in the polymer. It can be seen that the accumulative mass loss reduces with 

increasing amount of nanosilica content in the polymer of up to 13wt%. Increase the 

amount nanosilica from 13wt% to 25wt% results in no significant effect on the 

accumulative mass loss. Almost similar results pattern was observed for FRP composite 

systems. In Fig. 9(b), the results for nanosilica FRP composite show that both FRP 

samples with 13wt% and 25wt% nanosilica contents have overlapping profiles with the 

lowest values. In general, for FRP composites, it can also be observed that increasing the 

amount of nanosilica content has reduced the amount of accumulated mass loss. 

Unmodified FRP composite system has the highest accumulative mass loss. The results 

pointed out that the addition of nanosilica and the presence of glass fibre in polymer and 

composite laminate contribute to a stiffer polymer and FRP composite. Therefore, this 

results in better wear resistant materials when compared to those without nanoparticles 

and fibres. The improvement in wear properties of polymer and FRP composites is due to 

the contribution of the fiber glass and the nanofiller. 
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(a) 

 
(b) 

Figure 10: Typical curves of specific wear rate versus distance for (a) nanomodified 

polymer and (b) nanosilica filled FRP composite when compared to pure system using 

slurry test 

 

From the accumulative mass loss values, the specific wear rate profiles were 

plotted for both polymer and FRP composite systems using equation (1) as shown in Fig. 

10(a) and Fig. 10(b), respectively. For nanomodified polymer, the specific wear rate 

curves versus distance were decreasing towards 10000 m travel distance. The specific 

wear rate values depend on the nanofiller content in the polymer system. For example, 

25wt% nanomodified polymer has the lowest specific wear rate which is 0.000068 

mm3/Nm at 10000 m distance, while pure resin has the highest specific wear rate that is 

0.000184 mm3/Nm at 10000 m. The specific wear rate for 5wt% and 13wt% 

nanomodified polymer is in between pure resin and 25wt% nanomodified resin at 10000 

m, which are 0.000164 mm3/Nm and 0.000113 mm3/Nm, respectively. This shows that 

the specific wear rate decreases with increasing nanosilica content (Zhang et al. 2013). 

For the case of nanomodified resin filled FRP composite, the specific wear rate profile 

versus distance shows that all the specific wear rate is lower than specific wear rate for all 

nanomodified polymer when compared to each nanofiller content. This is believed to be 

link with the contribution of fiber glass in the nanomodifed resin. The specific wear rate 

for 13wt% and 25wt% nanomodified resin filled FRP composite are not much different 

where it is 0.000034 mm3/Nm and 0.000013 mm3/Nm respectively, while specific wear 

rate for pure resin and 5wt% nanomodified resin filled FRP composite also not much 

different between those two weightages but higher than specific wear rate of 13wt and 

25wt% nanomodified resin filled FRP composite. The calculated specific wear rate of 

pure resin and 5wt% nanomodified resin filled FRP composite are 0.000097 mm3/Nm 

and 0.000074 mm3/Nm respectively. As discussed earlier, the situation behaves like that 

because when the content of nanosilica is higher than a critical value (10wt%) only then 

the specific wear rate was increased (Zhang et al. 2013). 
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CONCLUSION 

 

Based on the results, the specific wear rate for nanomodified resin and 

nanomodified resin filled FRP composite for dry sliding and slurry wear tests was 

determined. It can be concluded that the wear properties of pure polymer were improved 

due to the contribution of nanosilica particles in the specimens. Specific wear rate of 

25wt% nanosilica content in the specimen was lower than the 5wt% and 13wt% 

nanosilica content for both systems, with and without glass fibre. The presence of 

nanoparticles enhanced wear properties of FRP composites. In addition, the specific wear 

rate results of all fibre glass reinforced polymer composites specimens were better that 

those without the fibre glass. In order to further investigate the wear resistance of both 

nanomodified polymer and FRP composite systems, investigation on the effect of load 

applied, thermal distribution during the test and pin-on-disk test will be investigated or 

conducted in future.   
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