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Abstract: The present study aims to investigate slurry pot 

erosion wear behavior of nanoclay-modified short fiber reinforced 

polymer (SFRP) composites. Epoxy matrix modified with 5wt% 

nanoclay was prepared using high shear three roll milling mixing 

system at 60°C and 12.7 m/s speed. Two short synthetic fibers and 

two short natural fibers were used as reinforcements, i.e. carbon, 

glass, basalt, and kenaf. Slurry pot erosion wear tests were 

conducted using a mixture of sand and water as erosive materials 

and at a running speed of 300rpm for 10km sliding distance. The 

results showed that the inclusion of short fibres improved the 

erosion wear behavior of epoxy polymer, in which basalt 

reinforced polymer composite showing the best performance 

when compared to the other types of SFRP composites. The 

addition of 5.0wt% nanoclay filler also reduced the specific 

erosion wear rate of the SFRP composites. Nanoclay had 

significantly improved wear rate of glass fiber reinforced polymer 

composites of up to 53% compared to its pure state. Basalt fiber 

was also found to be a potential alternative to synthetic fiber; i.e 

carbon and glass fiber, based on its lowest wear rate among all the 

SFRP composites.  

 

Keywords: Carbon fiber, Glass fiber, Basalt fiber, Kenaf fiber, 

Slurry, Erosion, Wear Rate 

I. INTRODUCTION 

Erosion of engineering materials is a degradation of 

material surface due to mechanical action [1]. Erosive wear is 

a type of wear occur commonly in pipeline transportation, gas 

turbine, pump impeller and heat exchangers. There are 

several types of erosion occur in industrial applications such 

as solid particle erosion, slurry erosion, cavitation erosion, 

liquid impingement and impact wear [2]. Each type of erosion 

requires different environmental condition for testing to 

determine the erosion durability of the materials [3]. Slurry 

erosion typically included abrasive particles suspended in 

liquid medium, mainly occur in pipeline transportation. 

Increased number of slurry handling processes has triggered 

researchers to explore the properties of materials specifically 

operating under slurry erosive conditions. Several factors can 

affect the slurry erosive wear behavior, such as slurry 
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properties, slurry concentration, particle properties, flow 

properties, and temperature  [4].  

  

Composite material is a combination of two or more 

constituents that usually have different physical form or 

chemical compositions. Polymer composite materials have 

replaced many conventional materials such as metals, 

ceramics, woods and polymers due to their advantages such as 

high specific strength and stiffness. Epoxy resins have 

generally been used for coating, electronic devices, adhesives 

and matrices for fiber-reinforced composites due to their good 

mechanical properties, high adhesion strength, good heat 

resistance, and high electrical resistance [5]. However, due to 

the brittleness of epoxy, this material needs to be modified 

with other material called fillers to improve its properties.  

Many researchers reported that the epoxy resins which were 

modified with nanofillers such as nanoclay, nanosilica and 

carbon nanotubes (CNT) have better properties when 

compared to their pure systems [6].  

 

Clay is one of the most important minerals used in various 

industries. Nanosized-clay has interesting properties such as 

high specific strength, low density, high elastic modulus, low 

materials price, high specific surface area and low thermal 

coefficient. These properties have attracted many researchers 

to study the effect of nanosized-clay on mechanical, thermal, 

tribological, physical and chemical properties of polymers 

and fiber composites. Nanoclay helps to enhance the quality 

of product, saves the cost and protects the environment. Its 

availability and nature make it one of the expanding 

nanofillers used to improve mechanical and tribological 

properties of composites [7]. Study conducted by Zhang et al. 

[8] found that 3wt% of nanoclay dispersed in epoxy resulted 

in improved impact and tensile strength by about 88% and 

21% respectively.  

 

Nowadays, synthetic fibers, such as glass and carbon, have 

widely been used in various applications. The other types of 

synthetic fibers are aramid and polypropylene fiber. Glass 

fiber offers very good stiffness and strength, chemical, impact 

resistance and thermal stability. Carbon fiber is used instead 

of glass fiber when higher stiffness property is required but 

carbon fiber is usually more expensive than glass fiber. 

However, due to increasing environmental concern, synthetic 

fibers are slowly being replaced by natural fibers such as 

basalt fiber, kenaf fiber, sisal fiber and many more [9]. 

Natural fibers have attracted the interest of researches 

because of their specific 

advantages compared to 

synthetic fibers. The 
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advantages of natural fiber included properties such as 

lightweight, low density, low cost, non-toxic, biodegradable 

and acceptable specific strength, which make them suitable to 

use as filler in polymer composites [10]. Kenaf fiber is a type 

of plant-based natural fiber that may be modified either 

chemically or physically and used for either thermoplastic or 

thermoset polymer systems. Basalt is one of mineral-based 

natural fiber that comes from volcanic rocks. Due to its high 

stability of thermal and high electrical properties, basalt offers 

better features than synthetic fiber such as glass [11].  

 

A comprehensive study was conducted by Zhao et al. [12] 

on carbon fiber (CF), glass fiber (GF) and Aramid fiber (AF) 

reinforced polyimide composite under dry sliding and erosive 

wear. The erosive wear tested was centrifugal particle impact 

wear type with impact angle and velocity varied. The study 

found that all three composites were ineffective in improving 

erosion resistance of polyimide matrix under 30° and 90° 

angle, whereby the impact particles cuts material and generate 

stresses leading to subsurface lateral cracking [12]. Hybrid 

composite material consists of long kenaf and glass fiber 

reinforced polyester composite was tested by Ghani et al. for 

its slurry erosion behavior. It was found that the hybrid 

material has comparable mechanical properties as long kenaf 

polyester composite, but better erosion wear properties since 

glass fiber prevents kenaf fiber from absorbing water after 

matrix fractured during erosion test [13]. The advances in 

material sciences has influenced researches to explore the 

erosive performance of advanced fiber reinforced polymer 

composite in which fiber and filler exists together as 

reinforcement to the polymer matrix. Studies by Mahesha et 

al., Joshi et al., Rao et al., and Ray et al. [6], [14], [15]  

focused on solid particle erosion behavior of these materials 

with variable factors of erodent concentrations, erodent size, 

impingement angle, speed, and temperature. 

 

Although there are a lot of researches conducted on the 

erosion wear behavior of polymers composites, there are still 

limited research on slurry pot erosive wear type of behavior 

on advanced composites of nanoclay filler and short fibers. 

Therefore, the present study is aimed to investigate the impact 

of nanoclay filler modification on slurry pot erosion wear 

behavior of short fiber reinforced polymer (SFRP) 

composites of synthetic fibers; namely carbon fiber (CF) and 

glass fiber (GF), and natural fibers; namely basalt fiber (BF) 

and kenaf fiber (KF).  

II. METHODOLOGY 

A. Material 

The epoxy resin namely Miracast 1517 was supplied by 

Miracon (M) Sdn. Bhd. The Miracast epoxy resin consists of 

two parts which are Part A (epoxy resin) and Part B 

(amine-curing agent) as its hardener. The mixing ratio was 

fixed at 100:30, epoxy: hardener. Nanomer I.30 

Montmorillonite (MMT) clay (particle size 8-10µm, density 

1.9g/cm3) was used as nanofiller supplied by Sigma Aldrich. 

The surface of MMT clay was modified with 25-30wt% of 

trimethyl stearyl ammonium to produce nanomer I.30. 

Nanomers I.30 is supplied as a white powder that has a mean 

dry particle size of 8-10 μm and density of 1.9g/cm
3
.   The 

synthetic fibers; carbon fibers (diameter 6-10µm, density 

1.77g/cm
3
) and glass fibers (diameter 10-17µm, density 

2.54g/cm
3
) were supplied by Vistec Technologies Sdn. Bhd., 

while natural fibers; basalt fibers (diameter 9-15µm, density 

2.65g/cm
3
) and kenaf fibers (diameter 1mm, density 

1.45g/cm
3
) were supplied by Innovative Pultrusion Sdn.Bhd. 

All the fibers were chopped using crusher machine to get 

length size of 3-5 mm, as shown in Fig. 1. 

 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Fig. 1. Chopped a) Carbon, b) Glass, c) Basalt and d) 

Kenaf fibers 

B. Sample Fabrication 

Two types of short fiber reinforced polymer (SFRP) 

composite system were fabricated; pure SFRP system and 

nanoclay-modified SFRP system. In each system, four types 

of chopped fibers were used; carbon fiber, glass fiber, basalt 

fiber, and kenaf fiber. In nanoclay-modified SFRP system, the 

epoxy resin was modified with nanoclay to produce polymer 

nanocomposites before mixing with the fibers.   

In order to fabricate pure SFRP composites, 10wt% of 

fibers (carbon, glass, basalt and kenaf) were weighed and 

mixed together with 90wt% epoxy and hardener using hand 

layup method. The mixtures 

were cured in a silicon mold 

according to the required 
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testing size, i.e. 25mm wide, 75mm length and 6mm thick, at 

room temperature for 24 hours.  To fabricate 

nanoclay-modified SFRP composites, nanoclay modified 

epoxy polymer was first prepared. The nanoclay was weighed 

and mixed with epoxy resin using mechanical stirrer and three 

roll mill machine. The nanoclay content of 5.0wt% in epoxy 

resin was milled using the three roll mill machine at 60 °C 

temperature and 12 m/s speed. The shear force generated 

between the adjacent rollers allows nanoclay to disperse 

easily and reduce epoxy’s viscosity since the roller was 

heated. The chopped fibers were then mixed in the epoxy 

mixture using mechanical stirring, before the hardener was 

added. The composite mixtures were left to cure in a silicon 

mold at room temperature for 24 hours. The designations of 

composites are shown in Table-I. 

 

Table-I: Designation of specimen 

 

C. Sample Characterization 

The modified and unmodified SFRP composite samples 

were proceed with density and hardness test.  The density of 

samples was calculated using Equation (1) using Archimedes 

Principle. Hardness test was conducted to determine the 

hardness of the samples in each system using Instron A654 R 

Rockwell Hardness Tester machine. The Rockwell type R 

(HRR) hardness test was conducted according to ASTM 

D785-08 standard. 

 
(1) 

where:  

ρ = Density of sample 

A = Weight in air 

B = Weight in liquid 

ρo = Density of liquid (0.99594 g/cm
3
) 

d = Density of air (0.001 g/cm
3
)  

 

D. Slurry Pot Erosion Test 

Slurry pot erosion tester Tribometer (TR – 40) was used to 

investigate the erosive wear behaviour of the SFRP 

composites, as shown in Fig. 2(a). The samples were attached 

to a rotational holder in a pot which contained a mixture of 

sand and water. Medium type of sand between ranges of 

0.2mm – 0.63mm and water were used as slurry item. In one 

run, six pot containers were simultaneously run. The pots 

were immersed in a water bath to prevent overheating of the 

sand mixture. The weight of each samples was recorded at 

initial condition and at every 2000m interval until the distance 

travel reached 10000m. The operating parameters for present 

study are summarized in Table-II. The specific wear rate was 

calculated using Equation (2): 






m

m
Ws

 
(2) 

where  

Ws : Specific erosion rate (mm
3
/g)  

Δm: Mass loss of sample (g) 

m : Mass of erodent (g) 

ρ : Density of sample (g/mm
3
) 

 

 
(a) 

 
(b) 

Fig. 2. Slurry erosion tester Tribometer (TR – 40) a) 

Machine b) Schematic diagram of the set up [16] 

 

 

Table-II: Operating parameter of slurry test 

Designation 
Content (wt%) 

Epoxy Fiber Nanoclay 

Pure System 

EP 100 0 0 

EP/CF 90 10 0 

EP/GF 90 10 0 

EP/BF 90 10 0 

EP/KF 90 10 0 

Nanoclay-modified System 

EP/5NC 95 0 5 

EP/CF/5NC 85 10 5 

EP/GF/5NC 85 10 5 

EP/BF/5NC 85 10 5 

EP/KF/5NC 85 10 5 

Parameters Experimental Condition 

Type of motion Unidirectional sliding 

Type of erosive Medium size sand (0.2 mm- 0.63 mm) 

Sliding speed 300 rpm 

Sliding distance 10000 m at interval 2000 m 
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III. RESULTS AND DISCUSSION 

A. Characterization of Composites 

Table-III shows the density of composites. EP has the 

lowest density, while EP/GF composite has the highest 

density in the pure composite system. The addition of carbon, 

glass, basalt, and kenaf fiber have increased the density of 

epoxy matrix by 0.93%, 2.59%, 1.26%, and 2.19% 

respectively. 

 The density of all composites showed increment as 5wt% 

nanoclay was added. The results showed that the EP/BF/5NC 

composite has the highest density of 1.1889 g/cm3, while 

EP/5NC has the lowest density of 1.1285 g/cm3 for 

nanoclay-modified composite system. The increment of 

density for EP/CF/5NC, EP/GF/5NC, EP/BF/5NC and 

EP/KF/5NC composites was 6.08%, 4.86%, 6.5%, and 

0.59%, compared to their pure state respectively. These 

increments were due to higher density of fibers and nanoclay 

compared to the epoxy resin. 

 

Table-III: Density of Composites 

 

The hardness test was carried out to investigate the strength 

of composites by their resistance towards penetration. 

Table-IV shows the hardness of the composites prepared. 

Pure epoxy has a hardness of 109.8 HRR. When fibers were 

reinforced into epoxy matrix, the hardness showed increment 

for 2.3%, 2.15%, 4.06% and 0.46% for EP/CF, EP/GF, 

EP/BF and EP/KF composites respectively, compared to 

hardness of pure epoxy. EP/BF composites exhibited highest 

hardness compared to other composites due to the presence of 

iron oxides in basalt fiber’s content, where these elements 

have high atomic weight [17].  

However, when modified with nanoclay, the hardness of all 

composites showed decrement compared to their pure state. 

The highest decrement was shown by EP/BF/5NC composites 

with percentage of 1.03% compared to its pure EP/BF 

composites. This decrement may be due to the presence of 

porosity in the matrix that leads to property degradation. The 

high nanofiller content, such as 5wt% of nanoclay, causes 

high viscosity of the epoxy matrix and difficulty in processing 

and removing the air entrapped in the mixtures [18]. This 

results in high porosity of the cured fibre composites. 

However, since the decrement percentage was quite low 

(<~1.0%), therefore this is considered as insignificant to the 

wear behavior of the composites. 

 

Table-IV: Hardness of Composites 

 

 

B. Wear Behavior 

Wear volume of EP and EP/5NC composites against 

distance are recorded in Fig. 3. In general, wear volume 

increased as sliding distance increased [13]. EP/5NC 

composites exhibited lower wear volume compared to that of 

EP that showed improvement of wear behavior by 13.89%. 

The graph also showed a drastic increasing trend of wear 

volume at first 4000m distance compared to last 6000m 

distance travel. The former phase (up to 4000m) is believed to 

be the run-in phase, while the latter phase (4000m to 10000m) 

is called steady-state phase, which is a typical wear trend for 

polymeric material [7]. 

 

 
Fig. 3. Wear volume vs sliding distance of EP and EP/5NC 

composites 

 

Fig. 4 shows the plots of wear volume against sliding 

distance for pure SFRP and nanoclay-modified SFRP 

composites containing synthetic fibers. Plot of EP matrix was 

also included for comparison. All plots show increasing wear 

volume as sliding distance increased. Besides that, all plots 

also illustrate the typical trend of wear for polymeric materials 

with the presence of run-in phase and steady-state phase. 

However, the run-in phase for EP/CF and EP/GF/5NC took 

shorter time; at first 2000m distance, instead of first 4000m 

distance in the case of EP, EP/5NC, EP/CF/5NC composites. 

In the pure SFRP composite system of synthetic fibers, 

wear volume of EP/CF and EP/GF composite was lower than 

wear volume of EP matrix by 56.06% and 24.90% 

respectively. This indicates that CF and GF reinforcement 

have improved the wear behavior of the EP matrix. The 

synthetic fibers have strengthened the interface between the 

fibers and the epoxy matrix and possibly increased the 

Young’s modulus of the epoxy composites. The hard phase of 

the fibers may influence on reducing plow and adhesion 

between epoxy and erosive [19].  Between them, the EP/GF 

composites showed higher wear volume than EP/CF 

composites. This might be due to the increase in collision 

between erosive materials and GF that leads to more wear 

effect because of GF is more brittle in nature compared to CF 

[12], [20]. When nanoclay was incorporated into the SFRP 

composites, the wear volume showed even lower value for 

both composites. The nanoclay-modified SFRP composites 

of synthetic fibers; 

EP/CF/5NC and EP/GF/5NC 

each exhibited improvement in 

Nanoclay 

content 

(wt%) 

Density (g/cm3) 

EP EP/CF EP/GF EP/BF EP/KF 

0 1.1025 1.1128 1.1311 1.1164 1.1266 

5 1.1285 1.1805 1.1861 1.1889 1.1332 

Nanoclay 

content 

(wt%) 

Hardness (HRR) 

EP EP/CF EP/GF EP/BF EP/KF 

0 109.80 112.32 112.16 114.26 110.30 

5 108.74 112.10 111.24 113.08 110.26 
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wear behavior up to 25% and 53.68% compared to their pure 

SFRP composites respectively. 

 

 
Fig. 4. Comparative plot of wear volume vs sliding 

distance of EP, pure SFRP and nanoclay-modified SFRP 

composites system of synthetic fibers 

 

Plots of wear volume against distance for pure SFRP and 

nanoclay-modified SFRP composites for natural fibers are 

shown in Fig. 5. Plot of EP matrix was also included for 

comparison. All composites showed increasing trend as 

sliding distance increased. The drastic increment of run-in 

phase is shown at first 4000m distance by only EP/KF 

composites, while the other composites reached steady-state 

phase earlier, at 2000m distance. The trend was a typical trend 

of wear for polymeric material, similar to other composites 

mentioned beforehand [21]. 

 

 
Fig. 5. Comparative plot of wear volume as a function of 

sliding distance of EP, pure SFRP and nanoclay-modified 

SFRP composites system of natural fibers 

 

From Fig. 5, the wear volume of EP/BF and EP/KF 

composites are lower than EP matrix, indicating that the fiber 

reinforcements have improved wear behavior of EP matrix 

during erosion. Similar to those made of synthetic fibers, the 

natural fibers seemed to have strengthened the interface 

between epoxy matrix and fibers that leads to effective load 

carrying capacity, therefore improved  their wear resistance 

[22].  EP/BF and EP/KF composites each has exhibited 

improvement of up to 65.04% and 16.38% compared to pure 

EP matrix respectively, with BF more significant than KF. 

EP/KF composites showed higher wear volume than EP/BF 

composites due to KF’s higher moisture absorption property 

that also leads to its lower hardness (as stated in Table-IV) 

compared to BF [23]. For nanoclay-modified SFRP 

composites system, the wear volume has decreased even more. 

EP/BF/5NC composites has improved wear behavior of 

EP/BF composites up to 33.70%, while EP/KF/5NC 

composites has improved wear behavior of EP/KF 

composites up to 37.58%.  

 The specific erosion rate (Ws) of the composites is 

calculated using Equation (1) and is plotted in Fig. 6. The 

highest wear rate is shown by epoxy polymer in both pure 

state and nanoclay-modified state. As fibers were reinforced 

in epoxy matrix, the wear rate decreased with sequence of 

EP/KF, EP/GF, EP/CF, and EP/BF composites from highest 

to lowest value. EP/BF composites exhibited the lowest value 

among pure natural SFRP composites, while EP/CF 

composites exhibited the lowest value among pure synthetic 

SFRP composites, indicating their better erosion wear 

resistant property. It is worth noticing that EP/BF and EP/CF 

composites also recorded higher hardness value compared to 

EP/KF and EP/GF composites respectively. Hardness 

property is related to wear properties of a material as it can 

accommodate the surface deformation and absorb shock loads 

without failure [24]. 

 

 
Fig. 6. Specific erosion rate of pure composites system and 

nanoclay-modified composites system for different types 

of short fibers 

 

As nanoclay was incorporated in SFRP composites system, 

the erosion rate of all composites has improved. The lowest 

wear rate was shown by EP/BF/5NC composites with 

improvement of up to 76.81% corresponding to the pure 

epoxy matrix. The sequence of composites from highest to 

lowest wear rate was still similar to pure SFRP composites 

system; EP/KF/5NC, EP/GF/5NC, EP/CF/5NC and 

EP/BF/5NC. Therefore, it can be seen that basalt fiber has a 

very promising future as a natural fiber that can replace 

synthetic fibers, based on the wear rate obtained. Basalt 

fiber’s ability and behavior to resist erosion wear of epoxy 

polymer might become one of the key factor in material 

selection for application under adhesive and abrasive wear 

[14]. 

On the other hand, the percentage of improvement in 

erosion rate for each SFRP composite as a result of nanoclay 

filler addition was promising. The presence of nanoclay 

resulted in significant improvement of wear rate up to 53.68% 

for EP/GF/5NC. It is followed 

by EP/KF/5NC, EP/BF/5NC 

and EP/CF/5NC with 
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improvements of 37.58%, 33.7%, and 25% compared to their 

respective pure SFRP composites. Nanoclay filler has acted 

as energy barrier towards the slurry erosives, preventing 

severe wear of the composites [1]. Nanoclay filler also is 

believed to have strengthen the interface between epoxy 

matrix and short fibers due to its greater aspect ratio and 

specific surface area properties [25]. The stronger interaction 

between matrix-fiber-filler has improved overall load 

carrying capacity of the composites, leading to improved 

erosive wear resistance of the material. Besides that, the 

dispersion of nanoclay in epoxy matrix is also believed to be 

uniform and homogenous allowing effective load transfer 

between the reinforcements in the composite, due to the 

effective dispersion method [26].  

On the other hand, it is also noted that although 

EP/BF/5NC and EP/CF/5NC composites exhibited best 

erosion wear resistant behavior for natural fiber and synthetic 

fiber group respectively, they both did not demonstrate 

highest wear improvement percentage in the presence of 

nanoclay filler. Further investigation is suggested to venture 

further into this finding.  

 

IV. CONCLUSION 

The wear volume and specific erosion rate of pure short 

reinforced polymer (SFRP) and 5.0wt% nanoclay-modified 

short reinforced polymer (SFRP) composites of carbon, glass, 

basalt and kenaf fiber were successfully conducted and 

analyzed for their slurry pot erosion wear behavior. Their 

density and hardness measurement were taken prior to the 

slurry pot erosion test. The following conclusions can be 

drawn from the present study; 

 Pure epoxy polymer and nanoclay-modified epoxy 

polymer composite exhibited highest wear volume and 

specific erosion wear rate. 

 Fiber reinforcement of synthetic fibers; carbon and 

glass, and natural fibers; basalt and kenaf, all have 

improved the erosion wear behavior of pure epoxy 

matrix polymer. Overall lowest wear volume was shown 

by EP/BF composites, with improved wear resistance 

behavior of about 65%. 

 For synthetic fiber group, EP/CF composites have better 

wear resistance property than EP/GF composites, while 

for natural fiber group, EP/BF composites has better 

wear resistance property than EP/KF composites.  

 Nanoclay filler has improved the wear resistance for all 

SFRP composites. The highest improvement percentage 

was shown by EP/KF/5NC composites at about 53%, 

while the overall best wear performance was shown by 

EP/BF/5NC composites, an improvement of about 76% 

from pure epoxy matrix.  

 Nanoclay filler gave more significant impact on glass 

fiber and kenaf fiber reinforced polymer composites 

compared to carbon fiber and basalt fiber reinforced 

polymer composites, although they did not exhibit best 

wear resistance behavior.  

 Basalt fiber is a promising alternative natural fiber to 

replace synthetic carbon fiber and glass fiber in an 

erosive environment.  
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