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The current paper aims to study wear behaviour of AA7075 reinforced with different weight percentage of nano-TiC and graphite
particles under dry sliding condition. TiC particles are taken in different weight percentages (5%, 10%, and 15%), and graphite was
chosen as (3%, 4%, and 5%) along with three different levels of sliding speed, applied load, and sliding velocity. The fabrication was
conducted using stir casting equipment, and the experiments were done using Taguchi’s L27 orthogonal array. The Taguchi and
ANOVA results applied load and percentage of TiC are the most influencing parameters which influences wear loss and

friction coeflicient

1. Introduction

Metal matrixes in unstructured foams and MMCs have the
potential to be employed as steel and cast iron component
substitutes, especially when matrix materials are light. Al-
uminium is the common material used in the manufacturing
process. These composites have grown in popularity due to
its overwhelmed corrosion resistance, enhanced strength,
and reduced density. Over base alloys, it has better resistivity
and rigidity [1-4]. In a wide range of applications, these
composites are replacing traditional aluminjum alloys. Re-
cent advancements in aluminium-based composites have
made them increasingly useful and important in the auto-
mobile and space industries. One of the most significant
developments in composite studies is the inclusion of
nanoreinforcement in aluminium alloys. One of the keys to
success in nanocomposites is good strength even at low
volume fraction [5, 6]. Composites are made utilising a
variety of traditional techniques, including solid state and
liquid state fabrication. Among the various fabrication
techniques, ultrasonic stir casting was among the most
advantageous methods for achieving good dimensional

precision and homogeneous dispersion of reinforcing par-
ticles to attain the final product [7]. Depending on the
application, different types of reinforcing particles are
employed to make the composites. Ceramic particles have a
higher level of stability and rigidity, making them ideal for
use as reinforcement particles in specific applications. The
addition of hard cermet carbide particles to an aluminium
alloy increases mechanical and tribological qualities as well
as hardness at ambient and increased temperatures [8, 9].
There are various alternative techniques to improving
composite characteristics. Lowering of matrix grain size and
reinforcing particle size is among them. Traditional metal
matrix composites are projected to have substantially su-
perior microstructure stability and mechanical properties
than nanocrystalline matrices enhanced by nanoreinforce-
ments [10]. Mohan et al. investigated aluminium LM4-based
composites reinforced with TaC ceramic powder, with re-
inforcements percentages ranging from 0.5 to 2wt%. The
materials were created using a powder metallurgy process.
The dry sliding wear behaviour of the proposed composites
was evaluated using a pin-on-disc apparatus, and the
Taguchi design of experiment was adopted. It was also
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discovered that the percentage of Ta/NbC (tantalum nio-
bium carbide) reinforcement has an effect on the dry sliding
wear rate. The results reveal that the use of hard ceramic
composites in alloys has a significant impact on the dry slide
wear resistance qualities [4]. Ramanaiah et al. conducted an
experiment using Al7075 reinforced with TiC (2, 4, 6, 8, and
10) wt%, with a mean particle size of 2m, using the stir
casting method. It was also discovered that composites had a
lower wear rate than alloys. With 8 wt% TiC, superior wear
qualities and COF have been observed [11]. Priyaranjan
Samal et al. conducted an experiment on AA5052 and TiC as
matrix and reinforcing elements. When compared to the
base material, the 9% TiC-reinforced MMCs showed a
significant improvement, with a 32 percent rise in hardness,
78% increase in the tensile value. The COF values for the
composites declined linearly as the TiC content and applied
stress increased as a result of the formation of deep grooves
with no plastic deformation at the 9% TiC-reinforced
composites [12]. The composite is made by utilising a two-
step stir casting method with volume fractions of silicon
carbide and titanium carbide ranging from 5% to 15%. Dry
sliding wear tests with a pin-on-disc wear tester were used to
investigate the wear and frictional qualities. At room tem-
perature without a lubricant, differing loads of 10N, 20N,
and 30N were applied with varying sliding velocities (1 m/s,
2m/s, and 3m/s). TiC-reinforced composites had a
microhardness rating that was 18.8% greater than SiC-
reinforced composites. TiC had a wear rate of 2.1103 mm”>/
m, while SiC had a wear rate of 6.4103 mm>/m, according to
the wear rate forecast. The wear rate increases as the load and
sliding velocities increases [13, 14]. The friction and wear
properties of the 15% SiC / 5% Gr/Al composites with
various-size graphite additions were examined using squeeze
casting technology. The friction coeflicient of composites
dropped after the addition of graphite, and wear resistance
rose by 170 to 340 times [15]. The tribological behaviour of
AMMCs reinforced with SiC and MoS2 in a variety of
temperatures. The hybrid MMC were made using the compo
casting method, which involved reinforcing different sizes of
SiC (10, 20, 40 m) with 5059 aluminium alloy at various
weight fractions (5, 10, and 15%), with the addition of MoS2
set at 2%. In addition to particle size and SiC weight per-
centage, process parameters such as load, sliding velocity,
sliding distance, and temperature were evaluated, and the
L27 orthogonal array was used to conduct the experiments.
The best sliding condition was determined using the Taguchi
and the ANOVA approach. When fine particles are rein-
forced at their maximum percentages, the wear rate is shown
to be strong at 15% [16].

2. Experimental Details

2.1. Materials Used. The matrix material selected is an
AA7075 with great ductility; tremendous strength, hardness,
and good fatigue endurance are only a few of its remarkable
mechanical properties. Due to microsegregation, it is more
susceptible to embrittlement than several alloys[17]. The
chemical composition of AA7075 is shown in Table 1. Ti-
tanium carbide (TiC) is chosen as a primary reinforcement
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TaBLE: 1: Composition for aluminium alloy 7075.

Si Fe Cu Mn Mg Zn Ti Cr Al

112 035 1.4 081 2.4 58 025 0.56 Bal

due to its good wear and corrosion resistance. Graphite is
chosen as a secondary reinforcement because of its self-
lubrication properties. The EDS image of AA7075 hybrid
composites is shown in Figure 1.

2.2. Experimental Set-Up. AA7075 alloy is fabricated using
the liquid casting method is used to create graphite and TIC
composite. An electrical furnace with a graphite crucible is
used to melting the base material AA7075. The process is
kept at 850°C in temperature. The melted aluminium is
mixed with the warmed graphite particles. Then, it is swirled
at 500 rpm with the aid of an impeller connected to a speed
control motor. Continue swirling until all of the particles are
distributed equally [18]. In order to solidify, the charge is
deposited into a temporary steel mould after being removed
from the graphite crucible. The same procedure is repeated
for AA7075/5% Gr is mixed with 5% and 10% of TiC. The
casted composites have undergone T6 heat treatment. In
order to improve the wettablity of matrix and reinforcement,
magnesium is added to about 2% during the casting process.
Test specimens are prepared as per the requirements of the
testing methods. The process parameters and their levels are
shown in Table 2.

2.3. Dry Sliding Wear. A pin-on-disc method was employed
at various parameters, including applying force, sliding
speed, and sliding distance, to assess the sliding wear be-
haviour of Al based hybrid composite. The tests were carried
out in dry conditions in accordance with ASTM G9995
standards [19]. The test specimens, which had measurements
of 10 mm x 10 mm x 30 mm, were clamped against a spin-
ning sharpened disc made of EN32 steel and hardened to
RC60.

3. Result and Discussion

The experimental results for the input parameters are
given in Table 3. Figure 2 shows the S/N ratio graph for
wear loss. From the figure, it can be found that the load is
the most influencing parameter for wear loss. When the
load is minimum, the wear loss also decreases, and the
wear loss is maintained between 15N and 30N. At 10N of
applied load, the wear loss is very low. The weight
percentage of TiC is the second most influencing pa-
rameter for wear loss. At the maximum percentage of
TiC, the wear loss is deceased [20]. At 3%, the loss of
particles in the composites is very low. At 15% of nano
TiC and 3% of graphite, the hardness value of the de-
veloped composites is very high. In this case, the harder
particles have high strength to with stand the wear loss.
From this experiment, the optimum combination to
attain maximum wear loss is 3% of graphite and 15% of
TiC, 400 rpm of sliding distance, 10 N of applied load,
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FiGgure 1: EDS image of AA7075 MMCs.

TABLE 2: Process parameters and their levels.

. . . Range
Variable Factor Notation  Unit .
Low High
A Titanium carbide TiC Wt. % 5 15
B Graphite Gr Wt.% 3 5
B Sliding speed N Rpm 400 600
D Applied load L N 10 20
E Sliding velocity \ m/s 0.5 1.5

and 0.5 m/sec of sliding velocity has minimum wear loss.
The ANOVA table shows significant of wear loss in
Table 4.

Figure 3 shows the coefficient of friction for the de-
veloped composites. The graph represents that the sliding
velocity is the most affecting parameter which influencing
the coefficient of friction. Increasing the sliding velocity
increases the friction value. Next, the percentage of titanium
carbide is the second influencing parameter for coefficient of
friction. At 15% of TiC, the hardness of the developed
composite is high, so that in that level, the friction is very
low. When the applied load decreases, the coefficient of
friction also decreases. At 10N of applied load, the COF
value is very low. At 400rpm of sliding speed, the COF
values decreases. This is due to the distance travelled be-
tween the pin and the disc ratio is very low so at that level the
friction between the pin and the disc decreases [21]. The
results shows that the optimum parameters to attain max-
imum coefficient of friction is 3% of graphite and 15% of
TiC, 400 rpm of sliding distance, 10N of applied load, and
0.5 m/sec of sliding velocity. Table 5 shows the ANOVA table
significance for coefficient of friction.

Regression equation can be given as

wearloss = —0.000637593 + 0.000652222 Graphite %
—0.000114333TiC% +5.38333¢

—006Sliding Speed + 7.26667¢
—005Load + 0.00101222

(1)

Sliding velocity can be given as

COF = 0.167846 + 0.00842222 Graphite %
— 0.00411444 TiC % + 4.91111e
- 005Sliding Speed + 0.00263889 Load
+ 0.0429778 Sliding Velocity

(2)

Figure 4 shows the surface plot graph of titanium carbide
and graphite weight percentage on wear loss during dry
sliding wear behaviour. Increase in wt % of both rein-
forcement decreases the wear loss [22]. When the graphite
percentage is 3% and 15%, then it increases the hardness of
the composites. In that case, during dry sliding wear, the
wear loss is very less.

Figure 5 shows the surface plot graph of sliding speed
and load on wear loss. When the load and sliding speed
increases, the wear loss in the composites increases. When
the load is at 10 N, the wear loss is minimum; meanwhile, the
wear loss increases at 15 N and sliding speed 500 rpm. In this
work, the wear loss is suddenly low at 20N and the relation
between sliding speed along and load along with material
properties. The reading in that level during the experi-
mentation the TiC 5% and Graphite is 5%, the hardness
value is lower, and the wear loss is lower in this connection
the wear loss was nearer to 15N.

The relation between load and the sliding velocity is
shown in Figure 6. The least domineering factor is for the
wear loss. When the sliding velocity and load is higher and
increases, the wear loss is higher in the developed com-
posites. At 1.5 m/sec and when 20 N is the applied load, the
wear loss is higher.

Figure 7 shows the surface plot for coefficient of friction
between the weight percentage of titanium carbide and
graphite. When the percentage of TiC increases, the COF
increases. When the graphite percentage increases, the
friction increases in a slow manner. The minimum influence
on the graphite material is due to its self-lubrication
properties and the friction between the pin and the disc
decreases [23].

Figure 8 shows the interaction plot for coeflicient of
friction between load and sliding speed. When the load is at
10 N, the friction between the pin and the disc decreases; this
is due to that the impact between the pin and the disc is low
[24]. Meanwhile, when the load increases to 15N, the co-
efficient of friction increases. Meanwhile, when the load
increases to 20%, the coefficient of friction slightly increases
at that level. This is because of the presence of the graphite
around 5% in this case, then the hardness of the composite
material decreases due to the self-lubricant properties of
graphite. Also, when the sliding distance of composites
increase at 500 RPM, then the friction value also increases.

Figure 9 shows the interaction plot for coefficient of
friction between load and sliding velocity. When the load
and sliding velocity increases, the coefficient of friction
increases. In this case, when load 10N and sliding velocity
increases, the friction values increases. Gradually, when the
friction increases at 1.5 m/sec of sliding velocity and 20N,
the friction between the pin and disc is higher.
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TaBLE 3: Results of experiments.
S. no Graphite % TiC % Sliding speed Load Sliding velocity Wear loss COF
1 3 5 400 10 0.5 0.0041 0.241
2 3 5 400 10 1 0.0051 0.253
3 3 5 400 10 1.5 0.005 0.29
4 3 10 500 15 0.5 0.0049 0.232
5 3 10 500 15 1 0.0049 0.25
6 3 10 500 15 1.5 0.0056 0.291
7 3 15 600 20 0.5 0.0044 0.226
8 3 15 600 20 1 0.0051 0.258
9 3 15 600 20 1.5 0.0066 0.286
10 4 5 500 20 0.5 0.0056 0.288
11 4 5 500 20 1 0.0056 0.309
12 4 5 500 20 1.5 0.006 0.317
13 4 10 600 10 0.5 0.0055 0.243
14 4 10 600 10 1 0.0048 0.269
15 4 10 600 10 1.5 0.0062 0.283
16 4 15 400 15 0.5 0.0048 0.215
17 4 15 400 15 1 0.0054 0.233
18 4 15 400 15 1.5 0.0048 0.261
19 5 5 600 15 0.5 0.0074 0.288
20 5 5 600 15 1 0.0082 0.281
21 5 5 600 15 1.5 0.0089 0.313
22 5 10 400 20 0.5 0.0054 0.274
23 5 10 400 20 1 0.0063 0.285
24 5 10 400 20 1.5 0.0066 0.305
25 5 15 500 10 0.5 0.0045 0.222
26 5 15 500 10 1 0.004 0.239
27 5 15 500 10 1.5 0.006 0.271
Main Effects Plot for SN ratios
Wear Loss
Graphite % TiC % Sliding Speed
46.0
455 \ / ’/\
45.0 1
44.5 -
g
E 44.0 - T T T T T T T T T
% 3 4 5 5 10 15 400 500 600
kS Load Sliding velocity
§ 46.0 -
< ‘\
45.5
44.5 -
44.0 - T T T T T T
10 15 20 0.5 1.0 1.5
Signal-to-noise: Smaller is better
F1GURE 2: S/N ratio for wear loss.
TaBLE 4: ANOVA for wear loss.
Source DF Seq SS Adj SS Adj MS F P
Graphite % 2 0.0000083 0.0000083 0.0000041 16.19 0
TiC % 2 0.0000059 0.0000059 0.000003 11.62 0.001
Sliding speed 2 0.0000073 0.0000073 0.0000037 14.37 0
Load 2 0.0000055 0.0000055 0.0000027 10.75 0.001
Sliding velocity 2 0.0000048 0.0000048 0.0000024 9.44 0.002
Error 16 0.0000041 0.0000041 0.0000003
Total 26 0.0000359
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TaBLE 5: ANOVA for COF.

Source DF Seq SS Adj SS Adj MS F P
Graphite % 2 0.0012998 0.0012998 0.0006499 9.68 0.002
TiC % 2 0.0077158 0.0077158 0.0038579 57.44 0
Sliding speed 2 0.0004563 0.0004563 0.0002282 3.4 0.059
Load 2 0.0034588 0.0034588 0.0017294 25.75 0
Sliding velocity 2 0.0084748 0.0084748 0.0042374 63.1 0
Error 16 0.0010745 0.0010745 0.0000672
Total 26 0.02248
Main Effects Plot for SN ratios
COF
Graphite % TiC % Sliding Speed
12.4 -
12.0 /
64 T~ —
T
11.2 - T /
£ 108 4
E T T T T T T T T T
% 3 4 5 5 10 15 400 500 600
ks Load Sliding velocity
g 124 -
L5
= 12,0 -
11.6 - \\
112 - \
10.8

10 15 20 0.5

Signal-to-noise: Smaller is better

FiGure 3: S/N ratio for coefficient of friction.

Surface Plot of wear loss vs Graphite %, TiC %
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FI1GURE 4: Surface plot graph for TiC % VS graphite % to wear loss.

4. Wornout Analysis

Figure 10 shows the wornout surface of the after wear
composites. Figure 10(a) shows the presence of 15% of TiC
and 3 % of graphite with the load of 10N. The wornout

Surface Plot of wear loss vs Sliding Speed, Load

wear loss

D
15 00 &
Load 20

FIGURE 5: Surface plot graph for load % VS sliding speed to wear
loss.

surfaces are very low, and this is due to the hardness of the
composite. In this case, at that level, the reinforcement
particles are strongly bonded with the matrix phase, then the
surface is very smooth. Also, it is clearly observed that the 3%
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FIGURE 6: Surface plot graph for load % VS sliding velocity to wear
loss.

Surface Plot of COF vs Graphite %, TiC %

Q
10 3 O&
TiC % 15

FIGURE 7: Surface plot graph for graphite % vs TiC to COF.

of graphite have experienced a minimal wear. This is due to
the self-lubrication effect of graphite on the tribo surface
[25]. Figure 10(b) shows the presence of 10% TiCi and 4% of
Graphite with the load capacity of 15N. In this case, the
wornout surface has a mild groove on the surface of the
matrix. Due to the increase in load and 2% of graphic
particles, the hardness of the composites is low at that level.
Figure 10(c) shows the presence of 5% of TiC with 4% of
graphite and at 15N of the applied load, the wear debris is
very high. This shows severe plastic flow of material at low
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FiGure 8: Surface plot graph for load % VS sliding speed to COF.
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F1GURE 9: Surface plot graph for load % vs sliding distance to COF.

applied loads. At high applied load and high sliding velocity,
the flake-like debris is formed as an outcome of delami-
nation of the tribo surface [26]. Figure 10(d) shows the
presence of TiC at 5% and 5% of graphite and applied load at
20N. During the maximum load, the delamination of the
reinforcement from the matrix is very high due to the 5% of
TiC presence in the material. In the graphite 5% case, the
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FIGURE 10: (a) TiC 15%, graphite 3%, and load 10N; (b) TiC 10%, graphite 4%, and load 15N; (c) TiC 5%, graphite 4%, and Load 15N (d). TiC

5%, graphite 45%, and load 20N.

hardness of the composite is very low and also it provides
self-lubricant properties which cause slowly decrease and
leads to the maximum delamination of the reinforcement.

5. Conclusion

(1) Al7075/TiC/Gr was fabricated using the liquid
metallurgy process, and Taguchi method was
adapted to find the optimum combination of input
parameters.

(2) Load and TiC % are the most influencing parameters
for wear loss, At 20N of applied load and 15% of TiC,
the wear loss decreases. The optimum combination
for minimum wear loss is 3% of graphite and 15% of
TiC, 10N of applied load, 400 rpm of sliding dis-
tance, and 0.5 m/s of sliding velocity offers minimum
wear loss.

(3) Coeflicient of friction is minimum when TiC
percentage increases. Load is the maximum pa-
rameter, which increases the friction between the
pin and the disc. The optimum combination for
lower coefficient of friction is 3% of graphite and

15% of TiC, 10N of applied load, 400 rpm of
sliding distance, and 0.5m/s of sliding velocity
offers minimum friction in developed A17075/TiC/
Gr composites.

(4) The wornout images shows the different conse-

quences of various influencing parameters which
affects the wear loss and coefficient of friction using
SEM images. Through which, it is identified as 15%
of TiC and 3% of graphite, which shows minimum
delamination and small groove in after wear
composites.
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