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 In this study, the abrasive wear behavior of multi-walled carbon nanotube 
(MWCNT) and graphene oxide (GO) filled polypropylene (PP) nanocomposites 
without using compatibiliser were investigated. The effects of material type, 
sliding distance, and emery paper number on the abrasive wear of PP 
nanocomposites were investigated by adopting a statistical approach. The 
tribological tests were performed in dry condition using pin-on-disc at 1.0m/s 
sliding speed and 10N load. The optimization of signal-to-noise ratio (S/N) and 
degree of significance of the control variables to minimize the wear volume and 
coefficient of friction was carried out. As a result of the study, wear volume and 
coefficient of friction increased with increasing sliding distance, while decreased 
with increasing emery paper number for all tested materials. The coefficient of 
friction of the MWCNT and GO filled PP nanocomposites decreased by 19% and 
23% compared to unfilled PP polymer, respectively. GO filled PP 
nanocomposites was found to be approximately 95% less wear volume than 
MWCNT filled PP nanocomposites. The minimized coefficient of friction and 
wear volume was obtained at 0.3%wt GO filled PP nanocomposite with the 
parameters of 100m sliding speed and 1200 grid emery paper number with a 
value of 0.2716 and 3.07 mm3, respectively. 

 
© 2021 MIM Research Group. All rights reserved. 

 
Keywords:  
 
Graphene oxide;    
Multi-walled carbon 
nanotube;           
Taguchi analysis; 
Tribological properties; 
Coefficient of friction 

 

1. Introduction  

Polymer materials are widely used as engineering materials for automotive, electronics, 
construction, home furnishings, and similar industries because of their low density, easy 
processability, low cost, and reasonable mechanical strength. However, their usage areas 
are restricted because of low impact resistance, low service temperature range, and high 
coefficient of friction (except UHMWPE and PTFE) under dry sliding conditions [1,2]. 
Traditionally, micro-size fillers and reinforcements have been used to increase the 
mechanical and tribological properties of the polymer materials. However, in recent years, 
carbon-based nanoparticles (carbon nanotube and graphene oxide) have become the most 
important material group for improving the mechanical and the tribological properties of 
polymers because of their superior thermal, electrical, mechanical properties and large 
surface area [1, 3-6]. Barretta et al. [7] examined the size-dependent structural response 
and constitutive behavior of carbon nanotubes (CNTs) by exploiting the modified nonlocal 
strain gradient elasticity. The structural response of CNTs is modeled by Timoshenko beam 
and the modified nonlocal strain gradient elasticity theory. Based on the flexural analysis 
of Timoshenko nano-beam, a novel reduced Euler-Young elastic modulus is introduced for 
CNTs and calibrated by Molecular Dynamics (MD) simulations results. Mertens and 
Senthilvelan [1] investigated the mechanical and tribological properties of PP-CNT (carbon 
nanotube) (0.5, 1.0, 3.0, and 5.0wt%) composites prepared using the melt compounding 
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process. As the CNT content increased, the tensile strength and Young’s modulus of the PP 
composites increased. The addition of the CNTs to the PP did not significantly increase the 
wear resistance of the composite. Shim and Park [8] investigated the viscoelastic 
properties of the glycidyl methacrylate (GMA) grafted MWCNTs filled PP. Storage modulus, 
loss modulus, and shear viscosity increased with GMA-MWCNT addition to the PP. Golchin 
et al. [9] have studied the tribological properties of multi-walled carbon nanotubes 
(MWCNT) and graphene oxide reinforcement added into the Ultra High Molecular Weight 
Polyethylene (UHMWPE) polymer. As a result of the study, they have reported that the 
coefficient of friction and wear ratio values decreased with the addition of multi-walled 
carbon nanotubes and graphene oxide into the UHMWPE polymer. Liu et al. [10] studied 
the tribological properties of thermoset polyimide (PI)/graphene oxide nanocomposites. 
Experimental studies have indicated that the friction and abrasion properties of the 
polyimide polymer are improved by the addition of graphene oxide. The reason for this is 
attributed to the uniform transfer film layer formed and the increased load-carrying 
capacity. Padenko et al. [11] investigated the tribological properties of functionalized 
graphene reinforced poly-tetra-fluoro-ethylene (PTFE) polymer at 0-4% by weight. As a 
result of the study, it has been determined that the friction coefficient decreases with the 
addition of graphene oxide reinforcement into the PTFE polymer. They determined that 
the wear rate increased up to 1% graphene oxide reinforcement addition into the PTFE 
and decreased after this addition. The reason for this explained by the transfer film layer. 
They have indicated that they have an important influence on the friction and abrasion 
properties of the resulting transfer film layer. Bastiurea et al. [12] prepared the graphene 
oxide and graphite filled polyester composites by using conventional melt-mixing methods 
to improve the tribological performance of polyester. Hassan et al. [13] investigated the 
tribological properties of unfilled Low-Density Polyethylene (LDPE), Polyamide-12 (PA-
12), and graphene nanoplatelets (GNPs) filled polymers by a pin-on-disc tester. 
Tribological properties showed that LDPE/GNPs and PA12/GNPs nanocomposites have 
lower coefficients of friction, and wear rates compared with pure LDPE and PA-12. Pan et 
al. [14] investigated the mechanical and tribological properties of monomer casting (MC) 
nylon/graphene oxide nanocomposites. The results showed that graphene oxide of very 
low content had a notable effect on reinforcing the MC nylon matrix. The incorporation of 
graphene oxide into MC nylon largely reduced wear and friction under dry sliding. The 
nanocomposites have lower wear rates in comparison with neat MC nylon and the greater 

the difference, the greater are the loads and the sliding velocities. Shen et al. [15] 
investigated the effect of the hybrid of multi-wall carbon nanotubes (MWCNTs) and 
graphene oxide (GO) nanosheets on the tribological performance of epoxy composites. 
Friction and wear tests against smooth steel showed that the introduction of 0.5 phr 
MWCNTs into the epoxy matrix increases the friction coefficient and decreases the specific 
wear rate. When testing the tribological performance of MWCNT/GO hybrids, it is shown 
that at a high GO amount of 0.5 phr, the friction coefficient is decreased below that of the 
neat matrix whereas the wear rate is increased above that of the neat matrix. At an optimal 
hybrid formulation, i.e., 0.5 phr MWCNTs and 0.1 phr GO, a further increase in the friction 
coefficient and a further reduction in the specific wear rate are observed. There have been 
a lot of investigations related to the test conditions such as normal load, sliding speed, 
temperature, and environment on the tribological behavior of polymers. In recent years, 
analytical methods are extensively employed for the optimization and prediction of these 
test conditions for a wide range of engineering fields. This has the benefit of optimizing 
several experiments and essential variables. In this view, one of the most effective methods 
is the Taguchi method. Firojkhan et al. [16] investigated the influence of load, sliding speed, 
sliding distance, amount of glass fiber on friction coefficient and wear ratio of PTFE 
composites by using the Taguchi method. Sudheer et al. [17] investigated the effect of test 
parameters on the wear behavior of potassium-titanate-whiskers (PTW) reinforced epoxy 
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composites using the Taguchi method. Sudeepan et al. [18] studied the tribological 
behavior of micron-sized kaolin filler filled with acrylonitrile-butadiene-styrene (ABS) 
using Taguchi method. Taguchi design techniques were applied to investigate the 
significant influence of various operating and design parameters, such as contact load, 
rotational sliding speed, carbon nanotubes (CNTs) concentration on the tribological 
properties of UHMWPE nanocomposites by Lawal et al. [19]. The applied normal force was 
found to be the dominant parameter controlling the wear ratio and friction coefficient. The 
significance of CNTs concentration on both the coefficient of friction and wear rate closely 
follows that of the applied load. 

In the literature, there are lots of studies that examined wear and friction behaviors by 
using different types of polymers with filled graphene oxide and MWCNT. In these studies, 
generally, the effects of the environment (dry, aqueous) and the amount of the GOs and 
MWCNTs were investigated. According to the authors’ knowledge, there are no studies on 
the tribological properties of graphene oxide and MWCNT filled PP polymers at abrasive 
conditions. At the same time, in this study, besides the effects of the amount of GO and 
MWCNT on the friction and wear behavior, the effects of sliding distance and emery paper 
numbers are also investigated by using Taguchi method. 

2. Experimental Details  

2.1. Materials 

Commercial Polypropylene (PP) (ExxonMobil Chemical Company, commercial 
code:PP3374E3) with a specific gravity of 0.9 g/cm3, a melt flow index (MFI) of 1.3g/10 
min. (at 230 °C and 2.16kg) was used as a matrix material. Graphene oxide (GO) was 
purchased from Nanografen Co (Turkey) with a bulk density, average number of layers and 
oxygen content of 0.022g/mL, 27 and 4.1%, respectively, and multi-walled carbon 
nanotubes (MWCNT) were purchased from Detsan Company (Turkey). The purity of 
MWCNTs was declared to be higher than 97% by the manufacturer. The average outer-
diameter and length of MWCNTs are about 10-20nm and 10-30µm, respectively and its 
surface area is higher than 200m2/g. Figure 1 represents the scanning electron microscope 
(SEM) images of as-received GO sheets and MWCNT.  

2.2. Fabrications 

Carbon-based nanostructure reinforced nanocomposites were fabricated with a constant 
filler concentration. MWCNT filled PP nanocomposite specimens were produced with the 
two-step mixing process. In the first step, PP-MWCNTs pellets were prepared by using a 
co-rotating twin-screw extruder operated with a screw speed of 350 rpm and barrel 
temperature of 160-200oC from the main feeder to die. In the second step, an injection 
molding method was utilized to produce nanocomposite laminates. The barrel 
temperature ranged 215-230oC and the mould temperature was kept at 30oC. A similar 
route was followed to fabricate GO/PP nanocomposites. Before the production of the 
0.3%wt. GO filled PP nanocomposite, the GO was mixed with distilled water in an 
ultrasonic mixer to separate the layers. The obtained mixture was mixed with the PP 
polymer and dried at 100oC for 2 hours before the extrusion process. PP nanocomposite 
granules with graphene oxide were produced in a twin-screw extruder at a temperature 
range of 185-210oC. Injection temperatures were determined to be 190-220oC. The mold 
temperature is fixed at 30°C. Figure 2 shows the production scheme of graphene oxide 
filled PP nanocomposite. 
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Fig. 1 SEM images of the graphene oxide layers and MWCNT  

 

 

Fig. 2 Production process of graphene oxide filled PP nanocomposite 

2.3. Abrasive wear test 

Abrasive wear tests were performed using a pin-on-disc machine (Figure 3) equipped 
emery papers with grit grades of 400, 800 and 1200. The emery paper was fixed on the 
rotating disc surface. Samples with a diameter of 5mm and a length of 50mm were used 
for tests. Before each test, samples were cleaned by alcohol and dried in air. Abrasive wear 
tests were run at the sliding distance of 100, 200 and 400m and, under 1.0m/s sliding 
speed and 10N load. The wear volume (WV) was computed from the mass loss of the pin. 
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Fig. 3 Wear test device. 

2.4. Experimental Plan and statistical analysis 

In this study, the Taguchi model and statistical analysis process were carried out using 
MINITAB 17. The most important stage in the design of the experiment lies in the selection 
of the experimental parameters [20]. Three parameters, namely, material type (A), sliding 
distance (B) and emery paper number (C) each at three levels, were considered in this 
study following L27 (33) orthogonal array design. The experimental parameters are 
indicated in Table 1. 

Table 1. Experimental parameters 

Parameters Levels 

 I II III 

A: Material type PP PP/0.3MWCNT PP/0.3GO 

B: Sliding distance, m 100 200 400 

C: Emery paper number 400 800 1200 

 

The results are transformed into a signal-to-noise ratio, which has been used to measure 
the quality characteristics deviating from the desired values. In the analysis of the S / N 
ratio, there are three categories of quality features: smaller is the best, nominal is the best, 
and larger is the best. In this work, “smaller is the best” is used to measure the quality 
characteristics of the coefficient of friction (µ) and WV. The S/N ratio is calculated from 
equation 1:  










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Where, ‘n’ is the number of observations and ‘yi’ is the observed data result of the ith test. 
Furthermore, a statistical analysis of variance (ANOVA) is performed to identify the 
statistically significant process parameters. With the S/N and ANOVA analyses, the 
optimum parameters combination can be predicted to a useful level of accuracy. Finally, a 
confirmation experiment is performed to verify the optimum parameters. 
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3. Results and Discussion 

3.1. Control Factors 

The calculated values of the S/N ratio were given in Table 2. The average S/N ratio for the 
coefficient of friction (µ) and wear volume (WV) was obtained as 9.42dB and -16.81dB 
from Table 2. The main effects plots of S/N for µ and WV were given in Figure 4-a and 4-b. 
Generally, these figures show that S/N ratio values differ with material type, sliding 
distance, and emery paper number values. The optimal process conditions of experimental 
parameters could be easily decided from these graphs. The highest S/N value is 
represented that the optimal level of the process factors. It could be seen in Fig. 4-a and 4-
b that the optimized process condition for PP nanocomposites became A3B1C3 for main 
control factors as for PP/0.3GO with the sliding distance of 100m, and the emery paper 
number of 1200. The friction coefficient of the PP and its composites were increased with 
the increase in sliding distance and decreased with the increase in the emery paper 
number. Minimum µ values were obtained with the material type of PP/0.3GO. It is known 
that graphene, as filler with high strength and high thermal conductivity, can improve the 
load- carrying capacity and transmission of frictional heat of the composites [11]. Rafiee et 
al. [21, 22] stated that the graphene structure provides better stress transfer than CNT 
during the applied load. Padenko [23] also explained that the reduction in the coefficient 
of friction is due to the self-lubrication behaviors of graphene oxide and the formation of 
the transfer film on the disc surface under dry sliding conditions. Polymer nanocomposites 
have superior friction properties because graphene oxide has small dimensions, thin layer 
structure and excellent self-lubrication properties. This plays an important role during 
friction tests in reducing the shear force and in the formation and preservation of low 
friction [24]. The WV of the PP and its composites were decreased with the increase in the 
emery paper number and increased with the increasing sliding distance. Minimum WV 
values were obtained with the material type of the PP/0.3GO because of the GO can be 
readily released from the PP to form a third-body transfer film, which leads to reduce the 
direct contact between the PP and emery paper counterface. The graphene could work as 
a solid lubricant material between the two contacted surfaces and prevent direct contact 
between them, thereby reduce the µ and increase the WV [4]. 

Analysis of the impact of each parameter on the coefficient of friction and wear volume was 
carried out with the S/N response table. The control factors were classified with different 
values. The response for the coefficient of friction and wear volume of the PP 
nanocomposite materials are also presented in Table 3. It can be seen that the strongest 
effect was obtained as factor material type for μ and sliding distance for WV in these tables.  

Table 2.  Experimental results and S/N ratios 

Material type 
Sliding 

distance, m 

Emery 
paper 

number 

Coefficient of 
friction, μ 

Wear volume 
(mm3) 

Measured S/N Measured S/N 

PP 
100 400 0,3861 8,2660 5,52 -

14,8454 

PP 
100 800 0,3509 9,0963 4,62 -

13,2972 

PP 
100 1200 0,3344 9,5147 3,72 -

11,4118 

PP 
200 400 0,3921 8,1321 8,68 -

18,7713 

PP 
200 800 0,3691 8,6571 7,33 -

17,2998 
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PP 
200 1200 0,3431 9,2916 6,09 -

15,6894 

PP 
400 400 0,4132 7,6768 1,03 -

20,2224 

PP 
400 800 0,3951 8,0659 9,81 -

19,8319 

PP 
400 1200 0,3693 8,6524 8,12 -

18,1882 

PP/0.3MWCNT 
100 400 0,3365 9,4603 9,10 -

19,1819 

PP/0.3MWCNT 
100 800 0,3061 10,2827 6,97 -

16,8600 

PP/0.3MWCNT 
100 1200 0,2804 11,0444 4,94 -

13,8813 

PP/0.3MWCNT 
200 400 0,3526 9,0544 1,08 -

20,6576 

PP/0.3MWCNT 
200 800 0,3343 9,5173 8,54 -

18,6285 

PP/0.3MWCNT 
200 1200 0,3041 10,3397 7,42 -

17,4031 

PP/0.3MWCNT 
400 400 0,3841 8,3111 1,30 -

22,3014 

PP/0.3MWCNT 
400 800 0,3605 8,8619 1,13 -

21,0986 

PP/0.3MWCNT 
400 1200 0,3335 9,5381 9,10 -

19,1819 

PP/0.3GO 
100 400 0,3153 10,0255 4,66 -

13,3660 

PP/0.3GO 
100 800 0,2955 10,5889 3,86 -

11,7399 

PP/0.3GO 100 1200 0,2716 11,3214 3,07 -9,7376 

PP/0.3GO 
200 400 0,3421 9,3169 7,84 -

17,8873 

PP/0.3GO 
200 800 0,3175 9,9651 6,02 -

15,5959 

PP/0.3GO 
200 1200 0,2943 10,6242 5,57 -

14,9143 

PP/0.3GO 
400 400 0,3621 8,8234 8,86 -

18,9522 

PP/0.3GO 
400 800 0,3245 9,7757 7,05 -

16,9582 

PP/0.3GO 
400 1200 0,3089 10,2036 6,48 -

16,2278 
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Table 3. Response table for S/N ratios (dB) and means. 

Control 
Factors 

Coefficient of friction, μ Wear volume, mm3 
1 2 3 Delta 1 2 3 Delta 

S/N ratio (dB) 
Material 

type 
8.595 9.601 10.072 1.4771 

-
16.62 

-
18.80 

-
15.04 

3.762 

Sliding 
distance 

9.956 9.433 8.879 1.0773 
-

13.81 
-

17.43 
-

19.22 
5.401 

Emery 
paper 

number 
8.785 9.423 10.059 1.2742 -

18.47 
-

16.81 
-

15.18 
3.283 

Means 
Material 

type 
0.3726 0.3325 0.3146 0.05791 7.128 9.026 5.934 3.0922 

Sliding 
distance 

0.3196 0.3388 0.3612 0.04163 5.163 7.586 9.339 4.1761 

Emery 
paper 

number 
0.3649 0.3393 0.3155 0.04942 8.750 7.283 6.056 2.6943 

 

 
 

 

Fig. 4 Main effect plots, a) µ, b) WV. 
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The interaction effect plots were given in Fig. 5. The relationship between experimental 
parameters and levels and results can be derived from the interaction plots. It is well 
known that interactions do not occur when the lines on the interaction plots are parallel 
and strong interactions occur between parameters when the lines cross [25]. The 
coefficient of friction and wear volume decreases with the increasing emery paper number. 
The coefficient of friction for PP polymer decreased by 15%, for PP/0.3MWCNT polymer 
by 20% and for PP/0.3GO polymer by 16% with increasing emery paper number. Also, the 
coefficient of friction and wear volume increased with increasing sliding distance. The 
coefficient of friction increased by 7% for PP polymer, 14.1% for PP/0.3MWCNT polymer 
and 14.8% for PP/0.3GO polymer with increasing the sliding distance from 400 to 1200. 
Similar results are obtained by Suresha et al. [26]. Suresha et al. [26] stated that the wear 
volume tends to increase near linearly with increasing abrading distance and strongly 
depends on the grit size of abrasive paper. The lowest wear volume was obtained for 
PP/0.3GO while the highest wear volume was obtained for PP/0.3MWCNT. The minimum 
wear volume of PP/0.3GO composite is nearly 25% and 40% less than that of unfilled PP 
polymer and PP/0.3MWCNT at the same test conditions, respectively. 

 

 

 

Fig. 5 Interaction effect plots; a) µ, b) WV. 
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3.2. Analysis of variance (ANOVA) 

ANOVA is a method most widely used and aims at determining significant parameters on 
response and measuring their individual effects. The ratio of percentage (PCR %) of 
experimental parameters is used to determining the corresponding effect on the results. 
When ‘P’ is less than the ‘5%’ column value the assigned factor is statistically and 
significant. Table 4 presents the ANOVA for the µ and WV. 

One can observe from Table 4 that material type has greater statistically influence of 
44.84%, emery paper number has an influence of 31.02% and sliding distance has an 
influence of 22.01% on µ. However, the interaction between material type*sliding distance 
(P=0.035), material type*emery paper number (P=0.775), and lastly sliding 
distance*emery paper number (P=0.793) show less significance of contribution on the 
coefficient of friction.  In Table 4, when PCR values of the WV were evaluated, the material 
types (PCR=27.01%), the sliding distance (PCR=48.84%), emery paper number 
(PCR=20.21%) influence on the WV. The interactions material type*sliding distance, 
material type*emery paper number and sliding distance*emery paper number were for 
WV PCR=1.24%, PCR=2.00%, PCR=0.24%, respectively. These interactions are very 
minimum and can be neglected. The error was a small value of 0.46. This result was 
supported successful of the ANOVA. 

Table 4.  ANOVA results of means for µ and WV. 

Source                                 DF 
Sum of 

Squares 
(SS) 

Mean of 
Squares 

(MS) 
F ratio 

P 
value 

PCR 
(%) 

Coefficient of friction, (μ) 
Material type                           2 0.015856 0.007928 372.08 0.000* 44,84 

Sliding distance                        2 0.007804 0.003902 138.12 0.000* 22,01 
Emery paper number                     2 0.010982 0.005491 257.70 0.000* 31,02 
Material type*Sliding 

distance 
4 0.000378 0.000094 4.43 0.035 

0,83 
Material type*Emery paper 

number                     
4 0.000038 0.000009 0.44 0.775 

0 
Sliding distance*Emery 

paper number                     
4 0.000036 0.000009 0.42 0.793 

0 
Residual Error                          8 0.000170 0.000021    

Total     26 0.035264                                                                           
S = 0,004616   R-Sq = 99,5%   R-Sq(adj) = 98,4%     
Wear Volume, (WV) 

Material type                           2 43.765 21.8823 235.60 0.000* 27,01 
Sliding distance                        2 79.151 39.5756 426.10 0.000* 48,84 

Emery paper number                     2 32.755 16.3777 176.33 0.000* 20,21 
Material type*Sliding 

distance 
4 2.002 0.5006 5.39 0.021 

1,24 
Material type*Emery paper 

number                     
4 3.248 0.8119 8.74 0.005 

2,00 
Sliding distance*Emery 

paper number                     
4 0.381 0.0954 1.03 0.449 

0,24 
Residual Error                          8 0.743 0.0929   0.46 

Total     26 162.046                                                                             
S = 0,3048   R-Sq = 99,5%   R-Sq(adj) = 98,5%             

* is significant parameter at 95% confidence level. 
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3.3. Confirmation tests 

The final step of the Taguchi method is to perform a confirmatory experiment for 
examining the quality characteristic. The two approaches to confirmation are multiplied. 
In the first one, S/N values are compared with the second one, and confirmation is made 
according to Means values. In this study, confirmation tests will be evaluated considering 
Means values. The confirmation test was performed with an optimized factor set of factors 
A3B1C3 to predict the µ and WV. The estimated means for the µ and WV can be calculated 
from equation 2, where, T the overall experimental average, and A3, B1, and C3 is the mean 
response for the factors: 

µ = T + (A3 − T) + (B1 − T) + (C3 − T)   
(2) µ =0.27 

WV = 2.433 
A confidence interval for the predicted mean of the confirmation run can be calculated 
using equation 3 and 4 [27]; 


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where Fα;1;ν2 = The F value from the F Table at a required confidence level at DOF 1 and 
error DOF v2, Ve is the variance of the error term, r is the replication number, neff is the 
number of valid measurement results [28]; 
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T
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eff
+

=
1

      (4) 

Where; Tden is the total number of the experiment, dof is the total degree of freedom of the 
factors used for prediction [29]. The confidence interval for the µ and WV calculated from 
equation 3 and 4, and the results are given in Table 5. Furthermore, a comparison of the 
results of the confirmation test which was performed according to the optimum levels of 
the variables was given in Table 5. It can be seen from Table 5, the result values of the 
conducted confirmation test for the responses are obtained in the confidence interval with 
a 95% confidence level. Thus, the system optimization for µ and WR was achieved using 
the Taguchi method at a significance level of 0.05. 

Table 5. Comparisons the results of confirmation tests and predicted values by the 
Taguchi method. 
 

Response 

Optimal conditions 
Confirmat

ion test 
results 

Predicted 
value 

Confidence 
interval 

(CI) 
Differences Results Material 

type 
Sliding 

distance 

Emery 
paper 

number 

µ 
PP/0.3G

O 
100 1200 

0.2716 0.27 ±0.0137 |+0.0016| 
0.0016<0.01

37 
successful 

WV 3.07 2.433 ±0.9176 |+0.637| 
0.637<0.917

6 
successful 
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Fig. 6 Optical microscope of worn surfaces of disc and pin surfaces for PP and PP 
nanocomposites 

The macro and micro-optical microscopy examination of the worn disc and pin surfaces of 
pure PP polymer, PP/0.3GO and PP/0.3MWCNT composites against emery paper with grit 
grade of 400 and sliding distance of 400m is given in Figure 6 a-ı. It is seen that from the 
macro and micro disc images, the transfer film layer is formed on the abrasive disc surface. 
The transfer film layer prevented the contact between the polymer and the disc surface 
and caused to decrease in the coefficient of friction. For pure PP polymer, the worn surface 
of the pin showed sliding with wider and deeper grooves due to ploughing action by sharp 
abrasive particles (Fig 6 c). A smoother worn pin surface is observed for PP/0.3GO and 
PP/0.3MWCNT nanocomposites under the same conditions see Fig 6 f and ı. This is 
explained as the particles are transferred more easily out of the contact area and regions 
of smooth matrix materials are visible. Therefore, the mechanism is a combination of 
adhesive and abrasive wears. 

4. Conclusions 

The results of the abrasive wear tests of GO and MWCNT filled PP composites are as 
follows: 

The addition of the GO and MWCNT fillers in the PP polymer increases the WV and µ of the 
PP composites. WV and µ increased with increasing sliding distance, while decreased with 
increasing emery paper number for all tested materials. The coefficient of friction of the 
MWCNT and GO filled PP nanocomposites decreased by 19% and 23% compared to 

b c 

d e 
f 

g 
h i 

a 
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unfilled PP polymer, respectively. GO filled PP nanocomposites was found to be 
approximately 95% less wear volume than MWCNT filled PP nanocomposites. The optimal 
condition for µ and WV is the material type at level 3 (PP/0.3GO), the sliding distance at 
level 1 (100m), and the emery paper number at level 3 (1200). It can also be concluded 
that the design factor material type has a major effect on the µ while sliding distance has a 
major effect on the WV.  The experimental results approved the accuracy of the Taguchi 
method for enhancing the tribological properties and optimizing the tribological 
parameters under abrasive conditions. Graphene oxide can be used as an effective modifier 
to improve the wear performance of PP polymer under harsh tribological conditions. 
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