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The wear behaviour of hot pressed AA 2618 aluminium alloy matrix composites reinforced through nano Si;N, elements (1
percent and 2 percent) has been investigated in this paper. Temperatures of 50°C, 150°C, and 250°C were used to examine the
tribological characteristics of the models under a range of loads and pressures. The best wear performance was found in AA
2618/2wt percent Si;N,. Under a load of 30 N and temperature of 250°C, it was discovered that Si3N4-enriched AA 2618 alloy
was 35.7% more wear-resistant than unreinforced AA 2618 alloy. Metal flow and plain delamination were the most common
wear mechanisms at higher temperatures. Delamination is the most common wear mechanism at temperatures between 50 and
250 degrees Celsius. In the analysis of variance, the wear rate was influenced by temperature, load, and the presence of Si;N,
by 47.2%. In order to predict the wear rate, regression equations (linear and nonlinear) were developed by Taguchi method.
Using a high determination coefficient, the nonlinear regression was the preeminent success rate (92.8 percent).

1. Introduction

Lightweight, inexpensive, and energy-efficient alloys are
becoming increasingly popular. It is broadly used in the
automotive industries for its maximum specific strength,
corrosion resistance, and excellent low-temperature proper-
ties [1]. Although Al alloys have some drawbacks, the most
significant one is their less amount of wear and mechanical
properties at higher temperatures [2, 3]. Al metal matrix

composites have been developed to address these shortcom-
ings (AMMCs). Al MMCs are commonly reinforced with a
variety of materials, including SiC, Al,O,,B,C, TiC, CNT,
GNPs, GO, and Y,0; [4]. Since Si;N, has a high melting
point and good thermal conductivity, it was a natural choice
for Al MMC reinforcement. Research into MMCs’ wear and
friction patterns is essential [5-7]. In the event that two sur-
faces are in close proximity to each other, material loss can
occur. Consequently, wear has become a major cause of
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failure. MMCs wear more quickly when subjected to varying
loads, sliding speeds, temperatures, and reinforcement con-
tent [8, 9]. Statistics and the Taguchi method have become
increasingly popular in the field of materials science in
recent years. The Taguchi method reduces the amount of
time and money required to conduct experiments in order
to optimise design parameters [10]. Wear rates and friction
coefficients can be studied using the analysis of variance
method. Wear rate is also predicted using a regression
model. The wear behaviour of AA 2618 matrix composites
has been studied by researchers. In addition to silicon car-
bide, aluminium oxide, and carbon nanotubes, a variety of
reinforcements were used [11, 12]. While some research
has been done on the tribological performance of stir cast
AA 2618/Si;N, composite (wt% of 3, 6, and 9 Si;N, con-
tent), only a few studies have focused on the properties of
6 percent SI;N,. AA 2618/Si;N, (4wt%) composites were
stir casted to investigate the dry sliding wear behaviour
[13]. They found that composites have a higher wear resis-
tance than AA 2618 alloy without reinforcement. It has
dry sliding tribological properties at elevated temperatures
between 30 and 300 degrees Celsius. The fabricated MMCs
by stir casting were attributed to the increase in wear resis-
tance [14-16]. The wear performance of AA 2618-SiC-
hSi;N, nanocomposites has been improved by the addition
of SiC and hSi;N, particles [17-20]. There have been
numerous studies on AA 2618/Si;N, composites based on
the literature. A liquid metallurgy production method was
used in these studies [21]. Additionally, statistical analysis
was not used to examine the wear behaviour of the samples.
Furthermore, no research has been done on the wear behav-
iour of monolithic AA 2618/Si;N, composites made by pow-
der metallurgy at elevated temperatures [22-26]. Fuselage
structures below tension frequently use AA 2618 alloy
because of its high specific strength, good machinability,
and high fatigue strength and thermal conductivity [27].
The AA 2618 alloy’s tribological performance is known to
be poor at high temperatures. Ceramic particles have been
added to AA 2618 alloy in order to increase its usefulness
in high-temperature applications [28-30]. It is revealed that
AA 2618 wear behaviour at elevated temperatures must be
studied and improved. An investigation into hot pressing
AA 2618/Si;N, composites armoured with Si;N, (1% wt
and 2% wt) was primary goal of this research [31]. Different
parameters (such as load, Si;N, content, and temperature)
were examined for their effects on wear rate using analysis
of variance and regression models. It was also used in the
search for the best process parameter that had the lowest
wear rate [32-34].

2. Experimental Studies

2.1. Production and Materials. AA 2618 alloy powder was
used as a matrix material in this research. Because of its abil-
ity to work at higher temperatures, AA 2618 is frequently
used as pistons and spinning aviation components, as well
as in automotive racing. The AA 2618 alloy chemical com-
position was determined to be 4.7Cu, 1.6Mg, 0.6Zn,
0.5Mn, and 0.2Si and a weight percentage of Al that was bal-
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FIGURE 2: Pin on disc wear setup.

TaBLE 1: Test parameters for measuring wear.

Levels  Applied load N TEEIC L PRCRE
15 50 0
30 150
45 250 2

anced. Reinforcement was provided by Si;N, nanoparticles
(100nm). The composites were made using semi-powder
metallurgy. To separate the agglomerated particles, Si;N,
particles were ultrasonically treated in ethanol for one hour.
Next, AA 2618 alloy powder was added to the solution con-
taining Si;N, nanoparticles. In a vacuum distillation system,
a magnetic stirrer was used to mix the powders (AA 2618
alloy and SizN,). After three hours, all of the ethanol had
been flushed from the system. Previous studies provided a
schematic diagram and detailed explanation of semi-
powder metallurgy. Si;N, nanoparticles of 0, 1, and 2wt per-
cent were used in the samples. One hour of hot pressing at
525°C under 50 MPa pressure produced the test specimens.
The rate of heating was10°C/min. In an argon atmosphere,
all the processes were carried out. Due to the size require-
ments of this study, the attained samples of 15mm x
23 mm were maintained. Figure 1 shows SEM image of pow-
der used.

2.2. Mechanical and Wear Tests. A hardness test device was
used to take the hardness measurements. It was necessary to



Journal of Nanomaterials

TABLE 2: Specimens’ densities and hardness.

Materials (densny)thg"‘etica] (denSIty)EXPgrime“tal (denSlty)lgelaﬁ"e Hardness, HV % of raise in hardness
g/cm g/cm g/cm
AA 2618 3.71 3.76 97.1 81.4+3.6 924+1.6
AA 2618/1% silicon nitrate 3.82 3.780 98.4 98.1 948+1.9
AA 2618/2% silicon nitrate 3.78 3.798 9.4 16.2 10
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FIGURE 3: Curves of the samples’ compression stress and strain.

conduct precise measurements using the metallographic
preparation. A 1kgload and a dwell time of 20 seconds were
used to measure hardness. The average of five successful
indentations was calculated. A universal testing machine
with a 0.5 mm/min test speed was used for the compression
tests. A pin-on-disc test device was used to conduct wear
tests under dry sliding conditions. Temperatures ranging
from 50 to 250 degrees Celsius were used for wear tests at
a sliding speed of 120 millimetres per second with loads of
15 to 45Newtons. The sliding distance was 200 metres.
The AISI 52100 steel used for the counterface had a hardness
rating of 63 HRC. Figure 2 shows pin on disc wear setup.

2.3. The Experiment Design. The Taguchi method was used
with three factors and three levels. Si;N, content, load, and
temperature were all factors in the experiment. Table 1 pro-
vides the values of the parameters. The Taguchi design used
the L27 array.

3. Results and Discussion

Table 2 displays the specimens’ densities and hardness of the
produced composites.

TaBLE 3: Fabricated samples’ mechanical properties.

Materials Grain size, CYS, Mpa (O[N]
AA 2618 20.2 2762+112 5167 +14.2
o
AA 2618/1% silicon 19.4 3026+102  591.6+23.4
nitrate
o
AA 2618/2% silicon 15.6 3246+9.1  665.8+20.1
nitrate

3.1. Mechanical Properties. According to these results,
increasing the amount of Si3N4 results in greater compres-
sive yield strength (CYS) and ultimate compressive strength
(UCS). Comparing the CYS and UCS of the AA 2618/2Si;N,
composite to those of the AA 2618 alloy, 17.2% and 28.9%
increases were observed. Figure 3 shows the curves of the
samples compression stress and strain. Table 3 summarises
the mechanical properties and average grain size for each
type of cereal grain. The dislocations are also slowed by the
presence of reinforcing particles. Due to the occurrence of
reinforcement elements and an increased grain boundary
area as a result of grain refinement, dislocation movement
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FiGUre 4: Temperature affects the rate of wear on the load: (a) 50°C, (b) 150°C, and (c)250°C.

is hindered As a result, the strongest material has the smal-
lest grain size. Grain size decreases as the Si3N4 content
increases. AA 2618/1Si;N, and AA 2618/2Si;N, reduced
the grain size by 7.8 percent and 21.9 percent, respectively,
when compared to the AA 2618 alloy. Sintering grain refine-
ment may be attributed to the hard Si;N, elements in the
structure acting as a wall to grain limit movement. There is
also evidence to suggest that nano-reinforcement slows
down grain growth by causing pinning at grain boundaries.
It is also crucial to have a mechanism for transferring the
weight of the load. The transmission of loads from the soft
matrix to hard fortification particles has been credited with
increasing the strength of composite materials. The interfa-
cial bonding between the matrix material and the reinforce-
ment particles is responsible for the increased strength.

Using Si;N, particles, the researchers were able to transfer
loads from a matrix to a reinforcement. Al matrix compos-
ites reinforced with nanoparticles can also benefit from the
Orowan strengthening mechanism. Nanoparticles are used
to form residual dislocation loops in the Orowan strengthen-
ing mechanism. The back stress created by the dislocation
loops prevents the dislocation from moving forward. Com-
posite materials become stronger as a result.

3.2. Wear Results

3.2.1. The Effect of Load on the Rate of Wear. There was a
clear correlation between increasing load and increasing
wear rate at all temperatures. Aside from that, the AA
2618/2Si;N, composite’s wear rate was the lowest. The
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FIGURE 5: Temperature-dependent wear rates under a variety of load conditions: (a) 15N, (b) 30N, and (c) 45N.

lubricating effect of Si;N, particles contributes to the
improved wear resistance of composites. Due to the Si;N,
particles, composite materials have a lower rate of wear
because the metallic contact between sliding surfaces is
reduced. A 45N load on AA 2618/2Si;N, reduces wear rates
by 45.8 percent, 42.1 percent, and 35.7 percent compared to
an unreinforced alloy at 50°C, 150°C, and 250°C. As the tem-
perature rises, the wear rates of the samples also increase sig-
nificantly. At temperatures of 50°C, 150°C, and 250°C, AA
2618 has a wear rate of 0.0024mm~/Nm. for the alloy,
according to research.

Dislocation density increases when there is a mismatch
in thermal expansion. This has a significant impact on the
hardness of composite materials. Grains of AA 2618/Si;N,

composites have fewer grain boundaries, resulting in a
higher wear resistance. The dislocation movement is hin-
dered by the increased grain boundaries. The improvement
in tribological performance was attributed to this. The
improved wear performance of AA 2618/Si;N, composites
is due to the increased hardness and mechanical properties
of the strengthening mechanisms.

3.2.2. Temperature Effect on Wear Rate. With increasing
Si;N, content at temperatures between 50 and 250 degrees
Celsius, the wear rate of AA 2618/Si;N, composites is
reduced. Al matrix thermal stability is said to improve as
the amount of Si;N, in the alloy increases. The wear rate
of the models also increases the temperature of the test
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FIGURE 6: Si;N, content’s wear rate under various loads: (a) 15N, (b) 30N, and (c) 45N.

increases. As the test temperature rises, the softening trend
becomes more pronounced.

3.2.3. Effect of Wear Rate on Silicon Nitride. AA 2618 alloy
wear rate is thought to be affected by silicon nitride content
below 15N, 30N, and 45N loads at temperatures of 50°C,
150°C, and 250°C. After adding Si;N,, the wear performance
was noticeably improved in all conditions. Sample and
counterface material are subjected to low shear stress
because of Si;N, particles in the structure. At a temperature
of 250°C and a load of 45N, the AA 2618 alloy showed
severe wear.

3.2.4. Coefficient of Friction. In this graph, friction coeffi-
cient (COF) is plotted against load and temperature.
Under all wear conditions, it can be seen that friction

coefficient reduces with increasing silicon nitride content.
The COF of the samples rises in direct proportion to the
increase in load and test temperature. The AA 2618/
2Si;N, sample had the lowest COF. This resulted in an
average COF value of 0.333 for AA 2618/1Si;N, and
0.210 for the AA 2618/2Si;N, samples tested at a temper-
ature of 50°C. At a temperature of 250 degrees Celsius and
a load of 45 Newton, the average COF values of AA 2618/
1Si;N, were 0.668, 0.572, and 0.474, respectively, and all
are shown in Figures 4 and Figure 5. Composites have
low coefficients of friction because of a solid lubricant,
Si;N,. Furthermore, it was discovered that the presence
of hard reinforcement particles reduces the actual contact
area between the counterface and the matrix. As a result,
composite materials have a lower COF. It is well estab-
lished that the matrix softens as the temperature rises.
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TaBLE 4: Taguchi L,, orthogonal array results and response value values.

Ex.No Load Temp Si;N, wt% Wear rate Ratio of S/N
1 15 50 0 0.0028 54665
2 15 50 1 0.0016 570881
3 15 50 2 0.0009 628482
4 15 150 0 0.0042 492846
5 15 150 1 0.0023 541128
6 15 150 2 0.0018 561086
7 15 250 0 0.0059 462127
8 15 250 1 0.0041 491218
9 15 250 2 0.0026 551342
10 30 50 0 0.0038 489720
11 30 50 1 0.0029 521535
12 30 50 2 0.0019 610012
13 30 150 0 0.0071 450182
14 30 150 1 0.0056 466710
15 30 150 2 0.0049 481312
16 30 250 0 0.0099 413421
17 30 250 1 0.0069 452817
18 30 250 2 0.0059 470816
19 45 50 0 0.0031 530124
20 45 50 1 0.0024 558428
21 45 50 2 0.0024 581868
22 45 150 0 0.0091 421868
23 45 150 1 0.0069 461828
24 45 150 2 0.0054 472858
25 45 250 0 0.0152 381824
26 45 250 1 0.0112 391524
27 45 250 2 0.0096 411015

As the counterface and matrix become more adherent, so
does the matrix’s adhesion to the counterface material.
As a result, the samples’ COF rises.

Adding Si;N, particles improves wear performance in
this study, according to researchers. The COF is also found
to be reduced when Si;N, particles are added. The wear
behaviour of Si;N,-reinforced aluminium composites was
identified to be similar by several researchers. The Al
matrix’s wear performance was reported to have improved,
and the COF was reported to have decreased and it is shown
in Figure 6. Composites with the addition of Si;N, reinforce-
ment were found to be more resistant to wear because of the
material’s lubricant properties. Due to the matrix strength-
ening that occurred as dislocation density increased, wear
resistance also increased.

Grain refinement and particle dispersion strengthening
were both associated with an increase in composite strength
and hardness. Composites have grain sizes that are smaller
than those of the AA 2618 alloy, as shown in Table 3. Coun-
terface material and matrix are separated by a thin layer of
oxide, according to this theory. In this study, the surface
was found to be oxidised when heated to high temperatures.

4. Statistical Analysis

4.1. ANOVA Results. Table 4 displays the Taguchi L,,
orthogonal array results and response value values. The
experimental data was analysed using ANOVA. ANOVA
can be used to find which variables have greatest impact
on the rate at which clothing wears out. The ANOVA
studies were conducted with a 95% level of confidence.
The ANOVA results are shown in Table 5. Temperature
is widely believed to be the most significant factor in the
rate of wear (46.21 percent). Load and Si;N, content were
found to be responsible for 23.97 percent and 12.92 per-
cent of the total. Interactions appear to have a smaller
impact than individual parameters. There is a 13.67 per-
cent correlation between load and temperature, followed
by a correlation between temperature and Si;N, (2.43
percent).

Temperature and Si;N, content were independent vari-
ables. It was determined that the wear rate was the depen-
dent variable. The wear rate of samples was predicted
using a linear and a nonlinear regression model and it is
shown in Figures 7 and 8.
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TaBLE 5: The results of the ANOVA test for each sample.
Source Degrees of freedom Seq SS % of contribution Adj SS Adj MS F value P value
Load (L) 2 0.000071 23.4 0.000071 0.000038 168.94 0.0000
Temperature ("C) 2 0.000138 46.4 0.000134 0.000069 316.18 0.0000
Si;N, wt% 2 0.000039 11.69 0.000039 0.000021 89.14 0.0000
LxT 4 0.000002 14.24 0.000041 0.000015 17.86 0.0000
L x Si;N, 4 0.000009 0.31 0.000001 0.0000 0.79 0.5960
T x Si;N, 4 0.000003 3.35 0.000008 0.00003 8.96 0.00070
Error 8 0.000289 0.61 0.000003 0.00000
Total 26 100
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FIGURE 7: (a) Wear rate and (b) S/N ratios for the samples are shown in the main effects plots.

4.2. Analysis of SIN Ratios. This research made use of 27-
row, 3-column full-factorial arrays. The constraints, wear
rate, and signal-to-noise ratio are listed. Using the S/N ratio
“Small is better” characteristic, this study was able to deter-
mine the wear rate. Each variable’s impact on output was
evaluated using the S/N ratio. Given here is the S/N Ratio
(S/N) in equation (1)

1 n
S/N =-10 log ;(ny). (1)
i=1

Signal-to-noise ratio (S/N) is the ratio of a signal’s
strength to the background noise, and # is how many trials
were conducted. This study looked at how different loads,

temperatures, and levels of Si;N, content affected wear rates.
Table 6 summarises the relative importance of various wear
test parameters and their respective means. The best results
are achieved when the S/N ratio of the combination of wear
rate-related parameters is the highest. There is a correlation
between wear rate and temperature, which is more pro-
nounced than the effects of load and Si;N,. The effect of
Si;N, content was overshadowed by the effect of load. Plots’
wear rates are the primary goal of the analysis. Alloy AA
2618 must have a low wear rate and high Si;N, content in
order to function properly. For the interaction plots, the
non-parallelism effect is well-known. If the interaction plot’s
lines are not parallel, a finding of low interaction is valid.
The wear parameters interact strongly at the intersection of
lines. The relationship between load and temperature can
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TaBLE 6: Responses to the sample S/N ratios. R? (RMSE). The following equations were used to calculate
. . 2 . .
. Temperature of control  Wit% of Si,N, the RMSE in equation (2) and R” in equation (3).
Levels Applied load .
factors "C content "
1 54.8 54.8 46.4 1< 5
RMSE=1- |- ) (e;—p; . 2
2 48.6 48.4 49.8 (n;( =P @)
3 47.1 45.2 53.3
Delta 8.1 13.1 7.4 There are two values: e; is the actual and p; is the pre-
Rank 2 1 3 dicted one, respectively.

be clearly seen. Temperature Si;N, content and load Si;N,
content had a low interaction. The signal-to-noise ratio
compares the strength of a signal to the background noise.

4.3. Evaluation Parameters. Regression models were assessed
against two criteria in this study. R* and root mean square
error were used to calculate the determination coefficient,

; N 12
RP=1- (Zi—l(ei _Ij)z> . (3)
Yii(ei—Pi)

For the regression models, R* is a measure of how well
they perform based on the mean of the actual values. High
R? and low RMSSE values are what we are looking for in the
model we are building here. Linear and nonlinear regressions
have RMSE values of 0.0013 and 0.0009, respectively, for the
two methods as in Figures 7 and 8. For linear and nonlinear
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regressions, the R* (percent) was 84.8 and 91.5, respectively.
Regression models with low RMSE values are more likely to
be successful. Nonlinear regression models outperformed lin-
ear regression models by 1.4 times as in tables.

Prediction accuracy is higher in models that use nonlin-
ear regression than in linear regression models. Lower pre-
diction values were obtained by using a linear regression
model. For AA 2618/Si;N, composites, nonlinear regression
can be used to accurately predict the wear rate. Tribological

studies can save money and time by using the nonlinear
regression model as shown in Figures 9 and 10.

5. Conclusions

This work used experimental and statistical approaches to
investigate the wear behaviour of AA 2618/Si3N4 (1 and 2wt
percent) composites. The following findings were obtained
from this investigation. In all test settings, composites
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containing AA 2618/2 wt percent Si3N4 demonstrated the
best wear resistance. Delamination was most noticeable at 50
degrees Celsius, with substantial delamination and metal flow
occurring at 250 degrees Celsius.

(i) There was a 47.32 percent temperature, 24.96 per-
cent load, and 12.51 percent Si;N, content contri-
bution to wear rate, respectively

(ii) Linear regression had an R* of 83.4%, while nonlin-
ear regression had an R? of 92.8%. By using nonlin-
ear regression to predict wear rate, examining time
and the number of examinations can be reduced

(iii) Because of their superior elevated temperature tri-
bological performance, AA 2618 with Si;N, com-
posites are the best choice for wear applications at
high temperatures
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