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Abstract

In this research process, Al 7178 is considered as base material, boron carbide (B4C), Titanium dioxide and Flyash are utilized
as reinforcement elements to improve the wear behavior. The sample of the composite is prepared by Stir casting method.
The amount of all reinforcements (3%) is constant. As per the central composite design, wear tests are performed on pin on
disc apparatus with alteration of factors level. The chosen factors are load (15 N, 25, 35 N) and sliding speed (3, 6 and 9 m/s)
and sliding distance (350, 400, 450 m). The observation experiment results shows that Maximum wear rate is recorded as
0.01582 mm3/Nm for a load of 25 N, slide distance of 400 m and slide speed of 6 m/s. The minimum Wear rate is attained as
0.00748 mm3/Nm at parameters combinations of 35N, 450 m and 9 m/s. Analysis of variance (ANOVA) showed that load,
and the interaction between load and sliding distance have the most significant parameters on wear rate trailed by sliding

speed.

Keywords AMCs - Optimization - Wear behavior

1 Introduction

Almatrix composites are generally recommended for making
different light objects in many cases [1]. The characteristics
of Al alloy were created by utilizing nano and tiny reinforce-
ments ceramic grains like TiC, SiC. Most of the additions
with Al were silicon carbide and alumina for enhancing
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mechanical characteristics [2, 3]. Casting is a manufacturing
procedure used for this purpose by pouring the heated liquid
into a solid object or component liquid substance inside a
mold with a desired shape [4]. Porosity is reduced by these
cast products and mix the grain particles equally [5]. Al
alloy7xxx series is frequently used in aerospace structures
field because of their outstanding properties and light weight.
However, the alloys’ weak corrosion resistance makes them
less significant [6, 22]. The aluminum alloy AA7178 from
the different 7xxx family alloys is chosen for this work.
Reinforcing particles can improve the qualities of aluminum
alloys, such as their strength, modulus, and wear resistance
[7, 23]. In these investigations, wear control factors were
examined. It is mostly to determine their influence on wear
rate depending on load [8, 24] and wear rate which was
affected by velocity, reinforcement in and other influences
[9, 25]. Using the stir casting process, the 7075 aluminum-
zinc alloy is reinforced with mixtures of ZrB2 particles. At
weight percentages of 5, 10, and 15, the reinforcements were
incorporated into the base alloy. The hardness and density
of the composites were significantly higher than those of
the parent alloy. Mechanical characteristics including the
UTS and YS showed a considerable variation. Composite
weighing 15 wt% showed an improvement in tensile strength
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of roughly 34% as compared to base alloy [10]. ZrB2 can
improve the mechanical and corrosion performances of Al
7178, and AA7178-ZrB2 metal matrix composite had bet-
ter corrosion resistance than the parent alloy. The rate of
corrosion resistance, hardness, impact strength, and tensile
strength was enhanced by gradually increasing the weight
% of ZrB2 particles in the AA7178 matrix. By including
10% ZrB2 particles into the AA7178 matrix, the hardness
was enhanced by approximately 25% and the ultimate ten-
sile strength by 15% [11]. Hybrid Al/Al,O3/Gr composites
have high wear and friction, As the TiC content in the
AA7T178 composites improved wear rate and coefficient of
friction. decreased [12]. The wear resistance of AA7075
composites integrating Si3N4 particles from stir casting is
examined, SiC reinforcement decreased the volumetric wear
loss of Al7075/SiC matrix [13]. On a pin-on-disc machine,
SiC/TiO; particulate composites in aluminium alloy LM25
is examined. C.O.F. & wear decreased with increasing TiO;
content [ 14]. A resource material for the cement industry and
production facilities of building products is fly ash, which
is generated by thermal power plants based on coal. Addi-
tionally, it is a building material used in the construction of
roads and flyover embankments. After stir casting a 6061
Al-Al,O3 metal matrix composite, the mechanical and wear
characteristics are assessed. The melt stirring method, which
incorporates preheat reinforcement and three phases of mix-
ing, has been utilized to effectively produce composites,
including 6061 Al with 6 to 12 weight percent Al,O3. In opti-
cal micrographs of stir-cast composites, alumina particles are
dispersed rather equally throughout the 6061 Al metal matrix
[15]. With AA7075 acting as the matrix material, alumina,
boron carbide, and carbon are reinforced. The composites’
flexural, tensile, and wear characteristics are also studied
[16]. Al/SiC/mica composites that are made using the stir
casting technique is being studied for their wear and mechan-
ical characteristics Energy dispersive X-ray (EDX) detector
is used to analyze the chemical composition. Al/10SiC-
3mica composites provide the best strength and hardness.
The wear loss of the composites is improved by an increase
in mica’s mass fraction [29]. S. Gopalakrishnan analyses
the dry sliding wear properties of AMC using POD equip-
ment after Al-TiCp castings with various volume fractions
of TiC were created in an argon atmosphere. It is found that
the wear resistance of the composite increased with larger%
of TiC addition [30]. Liquid forging is supported to create
SiCp/2 A50 composite materials. SiCp/2AS50 of the pit initia-
tion has virtually the same corrosion resistance as the matrix
alloy. It is been discovered that once pits begin, the corro-
sion damage caused by pitting is increased because crevices
emerge between the reinforcement and the matrix. The com-
posite and the matrix alloy’s resistance to pitting corrosion
in chloride-containing environments is significantly reduced
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by the SiCp. SiCp speeds up the corrosion rate of compos-
ite materials, causing them to corrode at a rate that is higher
than that of aluminum alloys [31]. The review of the litera-
ture indicated the importance of creating hybrid reinforced
7xxx series composites with high strength and low weight.
However, there hasn’t been much work done to optimize the
wear rate process variables. The innovative aspect of this
study is the use of stir casting to create Al7178/TiO,/B4C/FA
hybrid composites. Additionally, the wear rate of the cast
samples was examined, along with the most effective wear
parameters and the reinforcement’s contribution to the com-
posites’ improved wear behavior. We were able to choose the
optimal parameters from the selected variables Load (LD),
Sliding Speed (SS), and Sliding Distance (SD) using CCD
method. A17178/TiO,/B4C/FA composites are used in many
industrial products such as Aircraft components, Boilers,
Condensers, Heat exchangers and Petroleum refineries.

2 Preparation of the samples

First level is to metal Collection in the process then making
sample of Al7178 matrix composites via stir-cast process.
Following that, produced specimens using ASTM standards
were collected to undergo exams for wear analysis [26]. Most
often, the casting method is utilized to form items into the
required shape using mold components. In this experiment,
the main component of the stirrer is constructed of stainless
steel, and it is used to mix Al-alloy with certain reinforce-
ments at different speeds. Stirrer rotation is kept between
600 and 800 rpm while furnace inserts controls heat to melt
solid metal and particles. Prior to the addition of particles,
the furnace crucible and reinforcements (B4C, TiO,, and FA)
should be preheated to 300 °C. After a solid is transformed
into molten metal and transported to specially constructed
dies, a stir rod needs electricity to undertake mixing opera-
tions with the ingredients. The setup of stir casting is shown
in Fig. 1 and also chemical elements and properties of 7178
Al displayed in Tables 1 and 2 respectively.

3 Dry sliding wear test

Figure 2 depicts pin on the disc is utilized to examine dry
sliding wear behavior of prepared composites according to
ASTM G99 Standard [17, 27]. This test is carried out at
Wear Check Laboratories India Pvt. Ltd, Chennai. The pro-
duced specimen was first cleaned with acetone before being
weighted to determine its initial mass with a machine-based
digital electronics balance. The sample was held against
the steel disc’s rotation. The track diameter was maintained
throughout each wear study while LD, SS and SD were all
varied with the specific range. Until the contact surface wears
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Fig. 1 Stir casting arrangement

down, the load forces the arm to maintain contact specimen
with the disc. The friction is produced which leads to mate-
rial removal on the sample. Utilizing an electronic scale,
the weight loss of each specimen was determined follow-
ing thorough washing with acetone solution [28]. Wear rate
is determined based on the weight loss of the sample during
the wear tests. The level of all parameters selected illustrated
in Table 2.

4 Design of experiment and parameters

The experiments were carried out in accordance with the
CCD in RSM design. To determine the relationship between
anumber of different independent input variables and output
reactions, CCD was used for estimating the second-order
response surface and for an optimization approach [18-20].
The optimization process has been done with an assistance
of design expert software with quadratic model. The design’s
variables were divided into three levels (low, medium, and
high, which were coded as — 1, 0, and + 1, and a total of
20 runs with three replicates were performed to optimize the
level of the selected variables [32, 33].

5 Result and discussion

The experimental results of the wear rate according to CCD
design on Al-based composites are shown in Table 3. The
three parameters LD, SS, and SD are varied at different lev-
els to evaluate WT. 20 tests are carried out in accordance

Table 1 Al 7178 chemical elements

Table 2 Wear test factors

Parameters Level 1 Level 2 Level 3
LD 15 25 35
SD 350 400 450
SS 3 6 9

Fig.2 Pin on disc equipment

with the CCD with modifications to chosen parameters. The
total wear results are exposed in Fig. 3. The maximum and
minimum wear rate are recognized as 0.01582 mm?/Nm and
0.00748 mm?3/Nm respectively. The grouping of factor lev-
els for highest WT is at LD2-SD2-SS2 with the values of
25 N, 400 m and 6 m/s and minimum WT is at LD3-SD2-
SS3 with values of 35 N, 450 m/s and 9 m/s correspondingly.
The results showed that WT is pretty much exactly propor-
tional to the applied Load and distance of the disk which
means WT improves more when both factors LD & SD are
upraised (Fig. 4).

The ANOVA test focuses on variance-based mean dif-
ferences to determine if there is a statistically significant
distinction among two or more category groups [21, 34, 35].
An ANOVA illustrates the significance of many parameters
and how they interact with one another with a 95% confidence
range. If P is 0.05 or below, the influence of the parameter
is deemed significant. There are no crucial model terms in
this situation. Models are not significant if the value exceeds
0.1000. Model reduction may enhance the model’s complex-
ity if it contains a large number of unnecessary terms. Table
4 showed the quadratic model in the ANOVA. The interface

Elements Cr Cu Fe Mg

Mn Si Ti Zn Al

% 0.18 0.9 0.5 2.5

0.09 0.23 0.12 6.9 Balance
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Table 3 Factors combination along with Wear result

Std Run LD®N) SD(@m) SS@m/s) WT (mm>/Nm)
1 35 450 9 0.00748
2 35 350 3 0.00826
10 3 35 400 6 0.00914
4 4 35 450 3 0.00949
19 5 25 400 6 0.00815
16 6 25 400 6 0.01182
7 15 400 6 0.01243
8 15 350 9 0.01315
9 15 450 3 0.01495
10 35 350 9 0.01248
15 11 25 400 6 0.01126
20 12 25 400 6 0.00914
11 13 25 350 6 0.01549
1 14 15 350 3 0.01115
17 15 25 400 6 0.01582
13 16 25 400 3 0.01243
7 17 15 450 9 0.01315
14 18 25 400 9 0.01449
18 19 25 400 6 0.01249
12 20 25 400 6 0.01023

between LD and SD is revealed in Fig. 5. It is noticed that
the WT is increased while increase LD from 15 to 30 N but
WT reduction is noticed while increasing SD values from
350 to 450 m. Figure 6 showed the interaction between LD
and SS on WT. Wear rate is decreasing by increasing SD and
increment of WR value by increasing LD. The more heat
is obtained while the sample contact under various circum-
stances with disc might be too responsible for the change of
Wear rate. Similarly, the effect of interaction of wear param-
eters of other conditions (SS and SD) are reported in the
Fig. 6. WR is decreasing by increasing SD and decreasing
by increment of SD. From ANOVA results, application of
load on sample is first factor to increase wear rate, followed
by Sliding distance and sliding speed and the combination
parameters of LD*SD, LD*SS and SS*SD (Fig. 7). A pre-
dicted against actual plot shows a model effect and compares
it to the null model. The actual WT values and the values the
model predicts are compared using a scatter plot. The plot
shows the actual value fixed in X-axis and the predicted value
in Y-axis as shown in Fig. 8. During the observation of Actual
with predicted values, the WT is nearly contiguous.

The perturbation graph makes it easier to compare each
factor’s (LD/SD/SS) impact at a specific location in the
design space of WT. Plotting the response involves vary-
ing just one element over its range while keeping the other
variables constant. Design-Expert automatically places the
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Fig.4 Perturbation plot

reference point at the middle of all the factors. It is observed
that A term is specified as load factor, B is notified as SD and
Cis SSin the Fig. 4 and the load is more deviated from center
point which means wear rate is increased more due to more
load whereas SD is acted as moderate factor and finally SS
term contribution is very less on wear rate increment. With
help of design expert software, wear rate values can be deter-
mined approximately. Figure 9 is showing the wear rate as
0.0115002 mm?>/Nm due to allotting values for input factors
load of 24.0855 N, sliding diameter of 427.548 m and slid-
ing distance of 6.26674 m/s. In our work, the wear resistance
is improved by adding the three different reinforcements at
constant weight percentage (3%).
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Table 4 ANOVA outcomes

Source SS df MS F P
Model 0.0001 9 8.063E—06 8.73 0.0301
A-LD 0.0000 1 0.0000 6.95 0.0249
B-SD 5.691E—-06 1 5.691E—-06 1.22 0.0492
C-SS 2.527E—-06 1 2.527E—-06 0.5436 0.4779
LD*SD 7.163E—06 1 7.163E—06 7.54 0.0242
LD*SS 5.050E—-07 1 5.050E—-07 0.1086 0.7485
SD* SS 0.0000 1 0.0000 271 0.1310
LD? 6.961E—06 1 6.961E—06 1.50 0.2491
SD? 2.369E—06 1 2.369E—06 0.5096 0.4917
Ss? 5.471E-06 1 5.471E-06 1.18 0.3034
Residual 0.0000 10 4.648E—06
Lack of fit 9.904E—06 5 1.981E—-06 0.2708 0.9110
Error 0.0000 5 7.316E—06
Total 0.0001 19
WT (mm3/Nm)
0.018
0.016 t
0.014 ~—|
0.012 ~——_
_ § 0.01 -
a g 0.008 ~——
& E 0.006 ™~
0.004 gl
450 35
430
410
390
B: SD (m) 370 20 A:LD (N)
15 20 2 30 35 350 15

Fig.5 LD/SD interaction plot

6 Predicted-model equation
WT = +0.003689 +0.001129 LD — 0.000046 SD

Regfession analysis or equatiOI} is the examination of con- + 0.002450 SS—1.89250E —06 LD s SD+8.37500E
nection between dependent variable of LD, SS and SD and
— 06 LD % SS—8.35833E—06 SD+SS—0.000012

independent variable of WT as it depicts how dependent vari-
able will change when the independent variable changes due + 1.63238E — 07 SD? +0.000069 SS> (1)
to factors, the predicted value of wear rate is found at model-

ing process in the optimization software is shown in Eq. (1) For a model to be considered trustworthy, it must be able to

anticipate the reaction with some degree of accuracy before
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Fig.6 LD/SS interaction plot
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Fig.7 SS/SD interaction plot

comparing it to experimental data [36—40]. Model adequacy
is examined using R?, adjusted R?, and anticipated R?. R?
denotes the percentage of overall variation in the model-
predicted response. The better correlation coefficients testify
to the models’ suitability and the accuracy of the derived
constants. In regression analysis, the projected R? is used to
show how accurately the model predicts outcomes for prod-
uct observations. When comparing models, predicted R? can
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be more helpful than adjusted R? because it is determined
using observations that are not considered during model esti-
mation [32]. The R? values is 0.9678 response of wear rate
which ensures a satisfactory fit of the model to the experi-
mental data.
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7 SEM analysis on worn out surfaces

The surface conditions of workpiece before & after wear
test are displayed in Figs. 10 and 11 respectively, the rein-
forcements are dispersed in Al alloy in all over region and
clearly visible in Fig. 10. Figure 11 shows that SEM picture
of Experiment no: 15 under the load — 25N, sliding distance
— 400 mm and sliding speed — 6 m/s. the formation of debris,
groves and cavity are produced due to ploughing action on
the surface. The worn surfaces of the Al based composite
at 6 m/s reveal finer grooves at right side of the surface and

@
15 35
ALD = 24.0855
@
3 9
C:SS = 6.26674

Fig.9 Graph for predicting wear rate with variation of wear factors

. ¢ Groove
Debris!" 4 L

- —_—
R ;
a1 .
2 g

Fig. 11 SEM image of sample no: 15 after wear test

small plastic distortion at the groove edge due to better wear
resistance. Due to application of load 25 N, the debris and
cavities are produced more especially in center and left cor-
ner regions.

8 Conclusion

In the current work, Al17178/TiO,/B4C/FA hybrid composite
are produced by stir casting method. Pin on disc equipment
is selected to execute wear test as per the CCD design. Wear
parameters have been analyzed via design expert software.
The influenced parameters load, sliding speed, sliding dis-
tance and reinforcement on the output response of wear rate

350 450

B:SD =427.548

0.00748 0.01582

WT =0.0115002
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were investigated. ANOVA supports to determine the signif-
icant process parameters. According to observed results, the
following conclusions can be drawn as mentioned-below.

e Load (LD) is significantly affect Wear rate (WT) and
ANOVA exposes that the interaction between LD *SD,
LD*SS and SS*SD on the effect of the wear rate.

e Anincrease in both load and sliding distance increases the
WT, whereas decreasing reinforcement and sliding speed
lead to a decrease in WT

e The contour plot can be used to evaluate and examine pro-
cess factors influences the wear rate. shows that Maximum
wearrate is recorded as 0.01582 mm?3/Nm For load of 25 N,
slide distance of 400 m and slide speed of 6 m/s.

e The minimum Wear rate is attained as 0.00748mm?>/Nm
at parameters combinations of 35 N, 450 m and 9 m/s.
Analysis of variance (ANOVA) showed that load, and the
interaction between Load and sliding distance have the
most significant parameters on wear rate trailed by sliding
speed.
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