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Abstract. Mechanical and tribological tests of aluminium 7075 alloy, mono-composite
(Al7075 + 1 % AIl203), and hybrid composite (Al7075 + 1 % Al;Os + 1 % SiC) have been
performed in this study according to ASTM standards. Through the stir casting process, mono
and hybrid composite materials were prepared. It was discovered that adding more hard
ceramic particles improved hardness and strengthened tensile strength. In contrast to Al7075
alloy, hybrid MMCs enhanced tensile strength and superior hardness. The obtained results
indicate that highest hardness of 78 VHN and tensile strength of 126 MPa were achieved for
developed hybrid composites. A pin-on-disc wear test rig was used to conduct wear
experiments. The Taguchi approach was used to optimise the wear parameters. The findings
showed that the load had a greater impact on the wear behaviour of Al7075 alloys than did
sliding distance and speed. The wear behaviour in mono composites and hybrid composites
was improved by the addition of nano sized Al>Osz and SiC particulates to AlI7075. Improved
wear resistance for monolithic, mono and hybrid composites was achieved at 5 N of load,
100 rpm of speed and 250 m of sliding distance. Abrasion and adhesion-related damages were
discovered by micrograph studies. Flows with the deep grooves were observed on the worn-
out surface of mono composite. It provided the evidence of the mono composites' abrasive
mechanism. Comparing the hybrid MMCs to the monolithic and mono composite MMCs it
was seen that, the hybrid composites (Al7075 + 1 % Al;O3 + 1 % SiC) exhibited better wear
resistance.
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Introduction

From the last few decades, due to their superior mechanical properties compared to the basic
materials, light metal matrix composites (MMCs) materials with ceramic reinforcement
particles have drawn a lot of focus in recent years [1]. The aluminium (Al) alloy composites
are mainly used for several functional applications like agriculture mechanization, soil
anchoring and building structures due to their high strength, lightweight design, high wear
resistance, better thermal and electrical conductivity, excellent castability, and strengthening
using precipitation hardening [2]. These alloys restrict the materials' ability to be used for
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functional purposes because of their moderate hardness, low elastic modulus, and low
temperature properties. By incorporating various ceramic strengthening particles into the
matrix of the Al alloy, it is saturated. The Al metals used in soil anchoring applications is
Al7075. Increased stiffness, strength, better wear resistance, and excellent thermal
conductivity were all added by the hard particulate reinforcement. Al2O3, SiC, B4C, TiBy,
TiOz, ZrOg, SisN4, Gr, TiC, and MgB: are used as supports. Al20O3, ZrO», SiC, and Gr [3] are
the most frequently used reinforcing materials. Composites made from silicon carbide and
aluminium oxide could be used in a variety of engineering disciplines. Al,Os3-SiC is now
particularly well suited for ballistic protection equipment, rockets engine nozzle throats, space
shuttle surface tiles, piston crowns and cylinders, nose cones of hypersonic re-entry vehicles,
and the harp shaped structures of hypersonic rocket engines. Because SiC dispersoids prevent
the Al>O3 matrix's grain development, the reinforcement of SiC particles in the Al matrix
produces better mechanical, wear, physical and interfacial properties. The pre-processing,
post-processing, and production techniques, in addition to the reinforcement, significantly
improve the properties. In their study of the mechanical and tribological properties of
Al-Al;03 composites, Kumar et al. [4] found that while elongation decreases, alloy
composites' tensile strength, toughness, and wear resistance increase. In their analysis of the
wear characteristics of AA356/Al,03 composites, Alhawari et al. [5] found that the wear rate
reduces as the weight fraction of AlOz particulates rises. The physical and mechanical
properties of AA356/Al.03 composites with the inclusion of micro and nanosized Al.O3
particulates were investigated by Sajjadi et al. [6]. They noticed that porosity and hardness
increased with weight percentage and decreased with Al;O3 particulate size. Al,O3z has a
significant influence on the tensile strength and hardness of the welded joint, according to
research by B.M. Nagesh et al. on the effects of weld parameters on AA 6082 reinforced with
Al>Os at three different weight percentages (5, 10, and 15 wt. %) [7]. Reddy et al. [8] analysis
of the tensile properties of AA356/SiC nanocomposites revealed a notable rise in performance
with increasing SiC nanoparticle content. The microstructural, mechanical, and tribological
properties of Al/SIC alloys were investigated by Ghandvar et al. [9]. They discovered that
adding 25 wt. % SiC particulates increased hardness, whereas adding 20 wt. % SiC
particulates increased wear resistance in metal composites. The mechanical properties of the
AA356 alloy reinforced with nano and micro SiC particulates were researched
by Amouri et al. [10]. When nano-SiC particles up to 1.5 wt. % were added, they discovered
improvements in the mechanical properties. Using pin-on-disc equipment, Shivmurthy et al.
[11] investigated the tribological behaviour of AA356/SiC composites. They discovered that
compared to other proportions, 10 vol. % SiC particles exhibit a lower rate of wear. The
survey that was previously described shows the mechanical and tribological characteristics of
composites with various ceramic particles. However, little attention has been paid to the wear
and mechanical properties of composite reinforced with hard ceramic particles under the
various process circumstances. In this investigation, the mechanical characteristics and wear
patterns of mono and hybrid MMCs made of AlI7075 alloy were examined. The findings of
the present study demonstrate how two distinct reinforcements influence mechanical
behaviour. In order to analyse the wear behaviour of MMCs, numerous parameters and
factors, such as speed (rpm), load (N), and sliding distance (m), were taken into account. The
results were then compared to the optimized values. In order to evaluate the worn surfaces of
test materials, SEM analysis was used.

Materials and Method

As the base material, Al alloy 7075 was utilized. It has superior fracture toughness, wear, and
corrosion resistance. It is widely employed in automobiles and aerospace field. Al7075's
material compositions are shown in Table 1 as a weight percentage. Nano sized (50 nm) SiC
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and Al>O3 with a pH value of 6.5 to 7.5 were used as reinforcing materials. In this study, two
different MMC types such as mono composite (Al7075 + 1 % Al>Oz) and hybrid composites
(Al7075 + 1% Al203 + 1 % SiC) were produced and compared to Al7075. Both types of
composites, mono and hybrid MMCs, were produced utilising stir casting method in a coke
furnace. To prevent particle aggregation, stirring was carried out using a 4-blade stirrer for a
total of 5 minutes at an average speed of 250 rpm. A graphite crucible was used to melt the
base alloy. The pre-heated nano sized Al,O3 and SiCp were mixed into the ready molten melt
while stirring. Inert gases existing in the molten metal were removed using a degasifying
tablet. The pre-heated mould box was filled with molten composite melt. Finally, a CNC lathe
was used to machine the composite materials. Composite specimens with various cross
sections were constructed for the microstructure analysis, and they were polished with
diamond paste on emery paper with a 400 grit size. Finally, in accordance with the procedure
for a metallographic examination, test specimens were then polished by using velvet cloth
disk polishing apparatus to provide a satisfactory finish on the test sample surface.

Table 1. Composition of Al 7075 with wt. %

Content | Zn Mg Cu Si Fe Ni Mn Sn Cr Al

Wt. % 542 2.30 1.48 0.06 0.25 0.05 0.05 0.01 0.28 Remaining

Result and the Discussions

Microstructural  analysis.  The  microstructure of  AI7075, mono-composites
(AI7075 + 1 % Al203), and hybrid composites (Al7075 + 1 % AloOs + 1 % SiC) is depicted in
Fig. 1. The monolithic micrograph image shown in Fig. 1(a) demonstrates the presence of
intermetallic complexes. A mono composite with a uniform Al,O3 particle dispersal in
the Al alloy matrix material is shown in Fig. 1(b). Typically, this is attributable to the precise
stirring method used during production. The micrographs in Fig. 1(c) show homogeneous
dispersion of Al,O3-SiC particles in hybrid composites. We can see that the alloy's reinforced
particles are dispersed at random. However, at several locations the particulates are seen to be
clumping together. Other researchers also got comparable outcomes [12—15]. Due to a rise in
the weight percentage of hard particles in the hybrid MMCs, particle aggregation increased in
several areas.

Hardness. According to ASTM-E92 standards, the microhardness of Al7075, mono
MMCs (AI7075 + 1 % Al,03), and hybrid MMCs (AI7075 + 1 % Al,03 + 1 % SiC) were
examined. Under a steady load of 2 kg, a diamond shaped 10 mm indenter was used. Three
separate locations on the test samples were evaluated for their hardness. The average hardness
value was then noted. Figure 2 shows the microhardness for each composition. When
compared to monolithic, the hardness values of the mono composites and hybrid composites
are higher, as can be shown in Fig. 2. The base matrix's base matrix is more tightly coupled
and evenly distributed with the hard ceramic particles. Therefore, as the dislocations come
into contact with these tough ceramic particles, additional tension is necessary for movement.
Therefore, better dispersion strengthening through proper particles dislocation interaction may
be responsible for the uniform distribution of hard ceramic particles [16-18]. Since Al.Oz and
SiC are two separate hard ceramic particles, the MMCs reinforced with them have improved
hardness.
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Fig. 2. Microhardness of base alloy, mono and the hybrid MMCs

Tensile behavior. Tensile tests trials were carried out utilising UTM at a maximum
loading capacity of 450 KN in accordance with ASTM-E8 regulations. In the current study,
three test samples with comparable compositions were examined to determine the average
tensile strength. The values' fluctuation in this instance was under 5 %. Figure 3(a) displays
the tensile strength findings for each mixture. When compared to monolithic and mono
MMCs, the hybrid MMCs have higher tensile strengths. Results show that the tensile strength
is enhanced by adding more hard ceramic particles. Enhancement in tensile strength is due to
the addition of hard nano sized Al,Oz particles in mono composites and nano sized
Al>,O3 + SiC in hybrid MMCs, which enhanced the tensile strength. Enhancement in tensile
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strength could also be attributed to the uniform particle dispersion and reduced porosity found
in composite and hybrid MMCs. This finding is consistent with the outcomes of the majority
of Al composites reinforced with hard ceramic particulates [16,17,19]. In Fig. 3(b), the stir
casting method's composite samples' tensile stress-strain curves are displayed. For monolithic,
mono-composites, and hybrid-composites, a stress-strain diagram is drawn. The primary
characteristics of this graph are that the fracture strain decreases with increasing particle
content, and the tensile strength rises in response. In comparison to mono-composite and
hybrid-composites, the monolithic alloy is found to have the largest plastic strain and the least
resistance to plastic deformation due to its relatively lower flow stress. It has been found that
all MMCs offer increased strength above the basic alloy. The grain refining and particle
strengthening are the main reasons for this development. Al,O3z and SiC, two hard ceramic
nanoparticles, strengthen the composite to enable it to endure greater stresses. The graph of
the stress-strain curve shown in Fig. 3(b) also shows that a hybrid composite containing
1 % nanoscale Al,Oz and 1 % nanoscale SiC particulates can bear the highest stress. The
stress-strain curve shows that in addition to strong tensile strength, the toughness has
improved. This matters a lot. Meanwhile, ductility is reduced by the majority of ways for
increasing strength.
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Fig. 3. Tensile strength (a) and stress-strain curves (b) of base alloy, mono and hybrid MMCs

A Scanning Electron Microscope (SEM) is used to examine the newly formed crack
surface that was produced by the fracture test. After conducting the test, Fig. 4(a) depicts the
shattered surface of the base material, Fig. 4(b) the fractured surface of mono composites, and
Fig. 4(c) the fractured surface of hybrid composites. Surface analysis showed that the fracture
occured in both transgranular and intergranular types of fracture, combining broken particles,
pulled regions, and tiny plastic dimples to produce mixed mode fracture, which has high
strength prior to fracture. Fracture surfaces for the composites and hybrid MMCs containing
nano sized Al,Oz and SiC particles displayed various topographies. The majority of the
dimples on the shattered surface, according to a close inspection, were connected to the
matrix material. Large dimples and a significant degree of plastic deformation were found as a
result of shattered surface analysis performed on fracture toughness specimens of FCC
structured Aluminum alloy samples, indicating ductile fracture (ref Fig. 4(a)). The fractured
surface shows that the matrix material is primarily represented by the fractured particles,
which indicates ductile fracture. Due to the presence of too many nanoparticles, the fracture
surface of mono composites (ref. Fig. 4(b)) reveals mixed mode fracture, while hybrid
composites (ref. Fig. 4(c)) reveals cleavage type fracture. Also, it should be highlighted that
clustered particles are vulnerable to early composite degradation, and large particles appear to
be more likely to fracture, which resulted in a decrease in the fracture toughness
value [20,21].
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Fig. 4. Fracture surface of (a) monolithic, (b) mono and (c) hybrid MMCs

Based on the literature review and preliminary experimentation conducted by the authors,
the research work is carried out on the effect of monolithic, mono and hybrid reinforcement on
mechanical and wear properties in Al7075 were studied. The obtained results indicated that, the
effect of nano sized 1 % Al;O3 + 1 % SiC reinforcements on mechanical and wear properties in
Al7075 hybrid composites is more when compared to the monolithic and mono composites. So,
the strengthening effect in hybrid composite is more compared to monolithic and mono
composites because of synergistic properties were obtained more in hybrid composites.

Experimenting with wear behaviour using the Taguchi method. This method is a
potent design concept that is frequently used in many different industries [22,23]. It is
frequently developed to provide superior goods at a lesser price. It is typically used to analyse
the effects of varrying the parameters. Testing was carried out on the test samples utilising
Taguchi evaluation of the L27 orthogonal array at room temperature (27 °C) (OA). Wear test
specimens were produced using the ASTMG99 size of 6 mm in diameter and 30 mm in
length. During the wear tests, the test specimens were firmly pressed against the hard rotating
steel disc. After every trial, the disc and test samples were carefully cleaned with an organic
chemical (acetone) to ensure the correctness of the results. The current experiment evaluates
the wear behaviour as a loss of weight (gm) of a test material. The specimens were frequently
cleaned with acetone solution before being weighed on a digital scale to ensure an accuracy of
0.0001 gm throughout the studies. The test specimens were cleaned, and the final weight was
accurately measured. Wear loss was evaluated by considering the difference between initial
and final weight of the test samples. Test trials were conducted on the basis of factors that
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were selected and respective levels, which are shown in Table 2. Using samples of Al7075,
mono MMCs (Al7075 + 1 % Al>Oz3), and hybrid MMCs (AI7075 + 1 % AlO3 + 1 % SiC),
27 orthogonal array (OA) tests were performed. The findings are given in Table 3.

Table 2. Process parameters and levels

Sl. No. Parameters Levels Levels Levels
1 Load, N 5 75 10
2 Sliding Speed, rpm 100 300 500
3 Sliding Distance, m 250 500 750
Table 3. Taguchi L27 Orthogonal Array and their outcomes
Wear loss, g
Trial Sliding Sliding :
No. Load, N Speed, rpm Distance, m Monolithic MOQO MMCs lm/:m&is
(1 % Al,05) 1% SiC)
1 5.0 100 250 0.030 0.020 0.010
2 5.0 100 500 0.040 0.025 0.015
3 5.0 100 750 0.050 0.035 0.020
4 5.0 300 250 0.040 0.020 0.010
5 5.0 300 500 0.040 0.023 0.015
6 5.0 300 750 0.060 0.035 0.025
7 5.0 500 250 0.056 0.030 0.010
8 5.0 500 500 0.065 0.037 0.020
9 5.0 500 750 0.070 0.040 0.030
10 75 100 250 0.050 0.025 0.012
11 75 100 500 0.070 0.045 0.033
12 75 100 750 0.075 0.055 0.040
13 75 300 250 0.060 0.047 0.020
14 75 300 500 0.070 0.055 0.037
15 75 300 750 0.075 0.060 0.045
16 75 500 250 0.055 0.035 0.021
17 75 500 500 0.065 0.040 0.030
18 75 500 750 0.065 0.050 0.032
19 10.0 100 250 0.050 0.035 0.015
20 10.0 100 500 0.050 0.035 0.025
21 10.0 100 750 0.070 0.045 0.030
22 10.0 300 250 0.070 0.050 0.040
23 10.0 300 500 0.075 0.060 0.030
24 10.0 300 750 0.079 0.065 0.055
25 10.0 500 250 0.081 0.070 0.045
26 10.0 500 500 0.085 0.075 0.060
27 10.0 500 750 0.089 0.080 0.065
Table 4. ANOVA outcomes of monolithic material
Parameters | DoF | Seq.S'S Adj.SS | Adj.MS VaITL-Jes P-Values bStci)cr)]rtlr,I;/o Observation
Load, N 1 | 0.0021780 | 0.0021780 | 0.0021780 | 34.8894 | 0.0000051 36.89 Significant
Sliding 1 | 0.0011842 | 0.0011842 | 0.0011842 | 18.9700 | 0.0002321 |  20.06 Significant
speed, rpm
di;zg(';?m 1 | 0.0011045 | 0.0011045 | 0.0011045 | 14.6930 | 0.0003367 18.71 Significant
Error 23 | 0.0014358 | 0.0014358 | 0.0000624 24.32
Total 26 | 0.0059025 100

R-Sq = 75.67 %
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Table 5. ANOVA outcomes of mono MMCs

F- Contri-

Parameters | DoF | Seq.S S Adj.SS | Adj.MS P-Values X Observation
Values bution, %
Load, N 1 ]0.0034722 | 0.0034722 | 0.0034722 | 46.7095 | 0.0000006 48.17 Significant
Sliding S
speed, rpm 1 | 0.0010427 | 0.0010427 | 0.0010427 | 14.0270 | 0.0010567 14.46 Significant
Sliding
distance, 1 | 0.0009827 | 0.0009827 | 0.0009827 | 13.2199 | 0.0013828 13.63 Significant
m
Error 23 | 0.0017097 | 0.0017097 | 0.0000743 23.72
Total 26 | 0.0072074 100

R-Sq = 76.28 %

Table 6. ANOVA outcomes of hybrid MMCs

F- Contri-

Parameters | DoF | Seq.S S Adj.SS | Adj.MS P-Values X Observation
Values bution, %

Load, N | 1 | 0.0024500 | 0.0024500 | 0.0024500 | 37.2366 | 0.0000032 | _ 40.31 Significant
Sliding |4 1§ 0007004 | 0.0007094 | 0.0007094 | 10.7817 | 0.0032566 |  11.67 Significant
speed, rpm

Sliding

distance, | 1 |0.0014045 | 0.0014045 | 0.0014045 | 21.3464 | 0.0001199 |  23.11 Significant

m

Error 23 | 0.0015133 | 0.0015133 | 0.0000658 24.90

Total 26| 0.0060772 100

R-Sq =75.10 %

The ANOVA method, main effect plots, surface plots, linear regression, and normal
probability graphs were used to examine the effects of process parameter changes. The
"smaller is better" criteria was used for the study of wear loss in developed composites.
Tables 4-6 show the results of the ANOVA for wear loss. P-values with a confidence level
lower than 0.05 were deemed to have a substantial impact on performance [24, 25]. The main
effects graph shown in Fig. 5 were used to verify the parameters' relevance. Table 4 displays
the results of an ANOVA analysis of the wear parameters of the alloy Al 7075.

According to an ANOVA finding, the load (36.89 %) has a greater impact on wear loss
than sliding speed (20.06) or distance (18.71). In contrast, the wear loss shown in Table 5 for
Al7075 + 1 % Al2Os3 is significantly influenced by load (N) (48.17 %), sliding speed (rpm)
(14.46 %), and sliding distance (m) (13.63 %). However, the wear loss shown in Table 6 for
developed hybrid Composite (AlI7075/1 % Al.O3/ 1 % SiC) is significantly influenced by load
(48.17 %), sliding distance (23.11) and sliding speed (14.46). The results show that the load is
the most important relevant parameter for wear loss for all the developed composites,
followed by the other two parameters. According to the outcomes, hard particles enable
hybrid composites to have a lower wear rate than Al alloy and mono composite. Similar
findings have been reported by several investigators [26]. The hard ceramic particulates
protruding from the surface of the composites generate sharp asperities and produce uneven
interaction between the counter-face and samples, which leads to increase wear rate. With the
presence of secondary hard ceramic reinforcement, the distances between the particles in
MMCs are close, resulting in the existence of more reinforcement phase. Hard reinforcing
particles have been demonstrated to boost toughness in previous studies. It has been
demonstrated that wear behaviour, material hardness, and wear loss are related [27]. When the
increases in wear factor led to an increase in the wear loss, as can be observed in Fig. 5(a-c).
Usually, the primary factor behind the outcomes is the formation of an oxide film on the
matrix surface, which leads to increased wear. Hence, both a rise in temperature and a
weakening of the composite surface lead to excessive wear. On the other hand, adding tough
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particles makes mono MMCs more resistant to wear. As can be seen, the rapid sliding speed
frequently increased wear loss and led to the delamination. Developed hybrid composites
have better wear resistance than mono composite and monolithic materials [28, 29].
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Fig. 5. Main Effects graphs for (a) monolithic, (b) mono MMCs and (c) hybrid MMCs
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Based on rank given obtained to the mean points as depicted in Tables 7-9, the mean
answer has been assessed. The variables are significant, and it is also clear that the load (N)
which the delta of mean value placed as rank 1 and was followed by speed (rpm) and
the sliding distance (m) for the aluminium alloy and developed composites is a significant

factor.

Table 7. The response data for monolithic material

Levels Load Sliding speed Sliding distance

1 0.05011 0.05389 0.05467

2 0.06500 0.06322 0.06222

3 0.07211 0.07011 0.07033
Delta 0.02200 0.01622 0.01567
Rank 1 2 3

Table 8. The response data for mono composites

Levels Load Sliding speed Sliding distance

1 0.02944 0.03556 0.03689

2 0.04578 0.04611 0.04389

3 0.05722 0.05078 0.05167
Delta 0.02778 0.01522 0.01478
Rank 1 2 3

Table 9. The response data for hybrid composites

Levels Load Sliding speed Sliding distance

1 0.01722 0.02222 0.02033

2 0.03000 0.03078 0.02944

3 0.04056 0.03478 0.03800
Delta 0.02333 0.01256 0.01767
Rank 1 3 2

Regression analysis uses a linear regression equation to illustrate the correlation

between two or more predictor variables. The relationship between the wear factors and their
interactions is established via a regression equation. Egs. (1), (2), and (3), respectively,
represent the regression analysis equations for matrix, mono, and the hybrid MMCs materials.
Wear rate of monolithic alloy = 0.00157407 + 0.0044 Load +

+ 4.05556e % Sliding speed + 3.13333e% Sliding distance, (1)
Wear rate of mono MMCs = -0.023713 + 0.00555556 Load + 9
+ 3.80556e % Sliding speed + 2.95556e°% Sliding distance, (2)
Wear rate of hybrid MMCs = -0.0328241 + 0.00466667 Load + 3
+ 3.13889e %% Sliding speed + 3.53333e% Sliding distance. 3)

The regression analysis has typically been employed to investigate the responses
between the parameters. Test trials have been run to ensure that anticipated values are
accurate, and graphical representations are used to compare experimentation results with
predictions. In Fig. 6, the wear behaviour of base material, mono MMCs, and hybrid
composites is depicted in response to expected and experimental values.
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Fig. 6. Experimental vs. predicted values of wear loss for (a) monolithic alloy, (b) mono
MMCs and (c) hybrid MMCs

The regression model's contour plots, are drawn and utilised to display the combined
impact of the parameters used in the current inquiry. These graphs are typically used to show
how the two parameters interact with one another. The optimal values of each parameter
could be anticipated by analysing these plots [30]. Figures 7-9 display the contour graphs for
the wear loss based on the independent factors for all the developed materials.

The results of wear behaviour in variations of wear factors with different material
composition are shown in Fig. 7-9. It has been found that when load, speed and sliding
distance are increased, wear loss also increases. Higher loads and faster speeds revealed
considerable friction. As a result, a higher temperature was developed on the test sample
surface. Brittleness has caused materials' hardness to decrease as a result, and the wear loss
was increased. When there is increase in temperature, the link between the reinforcement and
matrix gradually weakened, and the material softened [31]. The primary goal of the
confirmatory trials was to determine the ideal ranges for the various process parameters that
were chosen. Based on the Main Effects Plot (MEP) optimal values, confirmation tests were
carried out (Fig. 5). Table 10 shows the parameters at the chosen levels. The results of the
confirmatory experimental trials are reported in Table 11 and compared to experimental data
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from OA. The outcome shows that for all composite materials, the computed errors are fewer
than 10 %. This falls inside allowable bounds.

Table 10. Confirmatory test parameters with optimized values

Factors Load, N Sliding speed, rpm Sliding distance, m
Optimized values for_ all the 5 100 250
developed materials

Table 11. Confirmation test outcomes for all developed materials

Confirmator 0A
Configuration Parameters y experimental | Error, %
test results
results
Base alloy
(Al-7075) Load (N): 5 0.030 0.029 3.33
Mono composite Sliding speed (rpm): 100
(10 % Al,05) Sliding distance (m): 250 0.020 0.019 5.00
Hybrid composite
(10 % Al,Os + 5 % SiC) 0.010 0.011 9.09
Contour Plot of Wear Loss (Gm) vs Load (N), Sliding Speed (rpm) Contour Plot of Wear Loss (Gm) vs Sliding Speed (rpm), Sliding Distance (m)
10 500
o
400 +
g
= 8 £
% :fl)t 300
i 7] -gv
o
5 100 T T T T
100 200 300 400 300 400 500 600 700
Sliding Speed (rpm) Sliding Distance (m)

Contour Plot of Wear Loss (Gm) vs Sliding Distance (m), Load (N)

Wear Loss

Sliding Distance (m)

7 8
Load (N)

Fig. 7. Contour Plot of monolithic alloy
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Fig. 10. Worn-out surface of (a) monolithic alloy, (b) mono MMCs and (c) hybrid MMCs

SEM analysis of the worn-out composites samples was done to analyse the wear
characteristics of the MMCs. Typically, the MMCs' worn-out surface's properties will have an
impact on the wear behaviour. Figure 10 shows a SEM image of a worn-out surface from
matrix, mono, and hybrid composites that were evaluated under conditions of 10 N load,
500 rpm speed, and 1000 m sliding distance. The wear track that forms on the surface of the
Al 7075, mono, and hybrid MMCs is clearly visible in the SEM pictures. Figure 10(a) depicts
the basic alloy Al7075's worn-down surface. The image shows plastic deformation caused by
the monolithic becoming less rigid at the interface temperature. AI7075 exhibited an adhesive
wear mechanism at greater levels of stress, speed, and sliding distance. Without
reinforcement, the image demonstrates with clarity how intense the wear is. It is concluded
that the absence of reinforcements typically results in extensive plastic deformation of the
matrix. Thus, the worn surface exhibits more material losses. Figure 10(b) shows a SEM
image of an AI7075 composite with 1% AIl.Oz and more shallow grooves. Generally
speaking, the wear resistance will be very high due to the existence of hard reinforcement.
Moreover, the worn-out surface is rough due to ceramic particles that were exposed while the
composite was being worn down during sliding on the steel disc. The abrasion on the
composite surface caused by the hard particles being pulled out resulted in plastic
deformation of the particles. It demonstrates that when Al,O3 particles were added, wear loss
in the monolithic composite was reduced to a minimum. The SEM picture of the composite
made of AlI7075 with 1 % Al.Oz and 1 % SiC is shown in Fig. 10(c). Al.Oz and SiC particles
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in this area boost wear resistance. When it is compared to the mono composite and base
material, the image demonstrates that hybrid MMCs has a significantly rougher surface. The
wear surfaces of the composite show many, deep grooves and voids. High reinforcement
weight percentages result in high wear resistance. The addition of hard ceramic particles has
been researched for its impact on the wear process, which provides a number of explanations
for the exceptional wear resistance of hybrid MMCs. Due to the hard SiCp reinforcement
undergoing chemical interactions during sliding, typically acts as a lubricant. This is
especially true at high sliding speeds. MML's protection is seen to improve as the
reinforcement content is increased. Several researchers [32—35] noted comparable results.

Figure 11 displays the results of an EDS analysis of base material, mono-composite, and
hybrid composites. An EDS analysis of the mono composite surface depicted in Fig. 11(a)
indicated the existence of oxygen ("O" peak) as a result of an oxidised layer, suggesting that
the composite contains Al,Oz (aluminium oxide). Together with the mono reinforcing, the
presence of a "Si" peak was noted in the developed hybrid composite (Fig. 11(b)). This
demonstrates that SiC particles are present in the hybrid composite. The carbide particles have
a significant impact on the wear behaviour of composite materials because, in contrast to
mono composite and base materials, wear loss is decreased due to the existence of hard
ceramic particulates. Several researchers [36—-39] have reported similar results.

Spectrum 1
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Fig. 11. EDS analysis of (a) mono composites (Al7075 + 1% Al>Oz) and (b) hybrid
composites (Al7075 + 1% Al,Os3 + 1% SiC)

Conclusions
The evaluation of AI-7075, mono composites (Al7075 + 1 % Al.Oz3), and hybrid MMCs
(Al7075 + 1 % Al203 + 1 % SiC) revealed several significant aspects.

Using the stir casting technology, the monolithic alloy, mono, and hybrid composites
were effectively produced in the current experiment. It was observed that adding more tough
ceramic particles increased the material's hardness and tensile strength. In contrast to mono
composites and aluminium alloy, hybrid MMCs exhibited improved tensile and hardness
strength. It has been revealed that the inclusion of SiCp reinforcement produces hybrid
MMCs materials that have excellent wear resistance when it is compared to base materials
and mono MMCs. ANOVA study revealed that the applied load had a stronger influence on
wear rate than sliding speed and the sliding distance. The correlation between the parameters
and wear properties has been studied using Regression Analysis. R-Sq (R2), the coefficient of
determination, was calculated and found to be within acceptable limits. According to the
results of the confirmation test, the error associated with base material, mono, and hybrid
MMCs is less than 10 %. In comparison to mono-composite and monolithic surfaces, worn-
out hybrid composite surfaces exhibit high levels of abrasion wear, as shown by a SEM
image. It's because the developed mono composites and hybrid composites contain strong
ceramic reinforcement like nano sized Al.Oz and SiC content. According to EDS data, mono
composite materials include nano sized Al>Os, while hybrid composite materials contain nano
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sized Al,O3-SiC. According to the results of the confirmatory experiment test, the maximum
error for hybrid MMCs was 9.09 %, but it was significantly lower for the other two
compositions. This falls inside allowable limits.
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