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Abstract

Tribological properties determine the elemental factors influencing the performance of the compo-
nents that are subjected to relative motion. Of late, low-density Metal Matrix Composites (MMCs)
have been renowned as materials for the components that are subjected to tribological applications.
This work reports an experimental study of wear and corrosion behavior of Aluminum Metal Matrix
Composites (AMMCs) reinforced with in situ TiB, particles. These composites were synthesized by
a mixed salt route procedure using K,TiFs and KBF, at a temperature of 850°C by using the stir
casting method. Dry sliding wear behavior of AA5754-TiB, in situ composites were compared with
base material for the various loads, sliding speed, and sliding distances. These parameters were
analyzed using Taguchi techniques. It was found that the percentage of reinforcement and load are
the most significant parameters. Scanning Electron Microscopy (SEM) analysis was conducted on
wear scars to find the wear mechanism. The corrosion behavior of in situ composites has been
studied and compared with the base material. Potentiodynamic polarization tests were carried out
to determine the corrosion resistance.
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1. Introduction

n recent years, the investigation has been shifted to

composite materials from undiversified materials to meet

the global demands for lightweight and better performance
materials. High specific strength, wear resistance, excellent
dimensional stability, superior damping capacity, tribological
behavior, good formability, and ability to exhibit superior
strength-to-weight ratio and strength-to-cost ratio have driven
the marine and aviation sectors and automobile, food, and
mineral processing industries toward the new lightweight
structural materials [1, 2, 3, 4]. It is widely thought that the use
of aluminum in automotive manufacturing is a result of recent
trends in development; however, constructing lightweight cars
using modern, revolutionary materials such as aluminum
looks back over a century. However, though most car manu-
facturers prefer steel today, due to rising consumer demand
and new legal requirements about fuel consumption and envi-
ronmental safety, OEM automakers have also increased
weight-reduction attempts. Aluminum can be seen as a possible
engineering alternative in this respect: its density is only about
one-third of steel and aluminum alloys of specific high strength
meet the torsion and rigidity requirements of an automobile
component. The highly formable 5XXX alloys are currently
used primarily for internal panel applications [5,6]. The auto-
motive industry has focused on reducing fuel consumption
and gas emission and tended to employ lightweight and
economic materials. AlI-Mg (AA5754) alloy is widely used in
the inner body and trims panel, due to its good deformability.
For car body applications, pressure vessels, and ships, AA5754
alloy is an important candidate and has thinner gauges than
the plate thickness of about 6 mm usually used in other quoted
reports [7,8]. When Al-Mg alloys are reinforced with hard and
tough particles, there is a significant improvement in both
mechanical as well as tribological properties, based on suitable
combinations of processing techniques, and matrix and rein-
forcement combinations, which in turn increases their usage
in multiplicity applications. These being particulate compos-
ites, being a class of metal matrix composites (MMCs), take
lavish attention in diverse sectors such as automobile, marine,
and aviation because of their lightweight, castability, econom-
ical, immense wear resistance, and isotropic properties [9].
Thus, Al-Mg alloys are becoming more important in this
aspect as Mg offers a high strength-weight ratio, good casta-
bility, and excellent deep drawing and stretch behavior.

The manufacturing of composites is commonly done by
diverse methods, although traditionally enhanced AMMCs has
been produced discontinuously in several “ex-situ” techniques
Collocation reaction between the matrix phase and dispersion
phase and destitute wettability due to surface contamination
of the reinforcement are noticed as the common limitations of
these composites. The potential way to mitigate these is by using
the in situ process whereby desired clean dispersoids can
be homogeneously dispersed. This technique is a novel tech-
nique developed to fabricate AMMC:s for better adhesion and
mechanical properties [10,11]. The molten aluminum alloy was
reinforced with ultrafine ceramic particles through in situ

process. Uniform distribution, fine-sized particle reinforce-
ment, thermodynamically stable, and clear interface formation
can be obtained through this technique [12].

Many researchers studied the wear behavior of aluminum
composites with different weight/volume percentages of TiB,
formed by the mixed salt route method technique. It was
found that the formation/presence of Al;Ti phase along with
TiB, results in wear loss of the composites [13, 14, 15]. It is
therefore important to control the formation of the Al;Ti
phase during the synthesis of in situ Al/TiB, composites in
order to have good wear and mechanical properties. Among
all the existing techniques in synthesizing Al-Si/TiB, [16, 17,
18, 19], in situ is most advantageous as it can control the
phases, with minimal contamination and the possibility of
bulk, and continues casting.

It was observed that Al-4Cu/TiB, in situ composite’s
abrasive wear resistance was compared with matrix alloy resis-
tance. Due to the suppression of the intermetallic AL;Ti phase,
the wear performance of AMMCs was improved [20,21]. In
situ synthesized Aluminum-Titanium Di-boride composite
exhibits good mechanical properties without ductility loss
[22] and has excellent dry sliding [21] and abrasive wear resis-
tance [20] compared to the base material. There was a proper
distribution of both the particulates in the composite. The
interface of the particulates was reaction free and exhibited
good interfacial bonding. Mechanical properties of the in situ
composites indicated that increasing the amount of reinforce-
ment from 4 wt.% to 6 wt.% will lead to an increase in the
UTS, YS, and hardness [23,24].

Radhika et al. [25] reported that output is influenced by
multiple variables. The Taguchi technique is the best technique
to formulate and detect the optimum combination of param-
eters for a given response. Sahin [26] investigated the abrasive
wear behavior of AA2014-15 wt.% SiC composite by L9 Taguchi
design and used analysis of variance (ANOVA) to analyze the
wear parameters. Koksal et al. [27] adopted L9 Taguchi orthog-
onal array to obtain minimum wear levels for the input param-
eters load, sliding velocity, reinforcement ratio, and sliding
distance in the preparation of Al/AIB, composite. Satpal et al.
[28] used the Taguchi technique to identify the dry sliding
wear behavior of Al-SiC-Al,O;-Graphite hybrid composite to
identify the influence of the process parameters. Uvaraju and
Natarajan [29] used the Taguchi technique and identified that
the volume of reinforcement is an imperative factor, followed
by other factors like load, speed, and time for friction and wear
behavior of Aluminum 7075-SiC-B,C composites. Lekatou
et al. [30] developed AMMCs by adding TiC and WC submi-
cron-sized particles, which controlled the corrosion of the alloy
matrix evident from potentiodynamic polarization curves.

Given the above facts, the present work is taken up with
the objective of studying the various process parameters that
are affecting the dry sliding wear behavior of AA5754-TiB,
in situ composites, using the Taguchi technique. It is also
aimed to discover the optimum level of operating parameters
under test circumstances to minimize material loss. The
present investigation also aimed to study the corrosion
behavior of these composites.
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TABLE 1 Quantity of halide salts of K,TiFs and KBF, for
obtaining various compositions of materials.

Quantity of powders added in “g”

Material composition K,TiFg KBF,

AA5754-0 wt.% TiB, 0 0
AA5754-2.5 wt.% TiB, 109.21 113.95
AA5754-5.0 wt.% TiB, 218.42 2279
AA5754-7.5 wt.% TiB, 327.63 341.85

2. Materials and Methods

2.1. Fabrication of In Situ
Composites

Al-Mg (AA5754) alloy was chosen as the matrix alloy, owing
to its good corrosion resistance and mechanical properties. The
chemical composition of the alloy (wt.%) is Mg 2.6 to 3.6, Cr
0.3, Cu 0.1, Fe 0.4, Mn 0.5, Si 0.4, Zn 0.2, and balanced Al
Initially calculated weight of AA5754 was kept in a graphite
crucible and allowed to melt inside an electrical resistance stir
casting furnace maintained at 800°C. To obtain composite
having different wt.% of TiB, reinforcement (2.5, 5, and 7.5
wt.%) by in situ casting technique, the appropriate weights of
halide salts K, TiF; and KBF, to be added are stoichiometrically
calculated (Ti/B ratio at 2.2:1) and the same is given in Table 1.

m Flowchart for synthesizing the composites.

The determined quantity of halide salts is added at 800°C in
the aluminum melt and well stirred to disperse the salt
uniformly in the melt. The exothermic reaction between the in
situ salts yield formed TiB, particles that are distributed
uniformly in the alloy. The speed-regulated motorized stirring
system with stirring rod and stirring blades, both made of mild
steel coated with Zirconia, was mounted to the furnace to
provide adequate mixing of halide salts in the aluminum melt.
The mild steel stirrer was coated with zirconium to avoid
possible contamination of the molten metal with iron. Stirring
was continued for every 10 min up to 1 hour so that the interface
between the particles and matrix promotes better wetting and
finely dispersed particles. C,Cl, was used for degassing [4]. The
exothermic reaction pertained to the above process is as follows:

K,TiF, +4.33A1 - AL, Ti +1.33AlF, + 2KF
2KBF, +3Al — AIB, +2AIF, + 2KF
AL Ti+ AlB, — TiB, +4Al

During the reaction, gases and slag were evolved. Before
pouring the melt into the dies, the slag with low densities was
decanted [3]. Gases that evolved during the reaction are liber-
ated. The melt was poured in graphite split molds. Figure 1
shows the flowchart for synthesizing the composites, and the
details of process parameters, microstructures, and mechan-
ical characteristics are mentioned in an earlier work by the

Required amount of AA 5754 alloy

K,TiF; and KBF, in required mass ratio

AA 5754 alloy melt at 800°C and mixture of salts is added while stirring

Stirring intermittently with graphite for every 10 minupto1 h

¥

Melt was poured in graphite split moulds and allowed to cool naturally

Different composition of composites were manufactured

|

Castings are cut into different shape and size for performing different tests

Wear test

© SAE International
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m (a and b) Pin-on-disk wear testing machine.

(a)

present authors [4]. Castings are obtained and they are cut
into different shapes and sizes for performing different tests
according to their standards. Through the article, the master
alloy AA5754 was again casted without adding halide salts,
which is further referred to as AA5754-0 wt.%.

2.2. Wear Test

Figure 2 shows the pin-on-disk wear testing equipment used
to study the dry sliding wear behavior of the composite, which
was conducted in dry laboratory conditions as per the ASTM
G99-95 standard. The size of the pin was 10 mm in diameter
and 40 mm in length, as shown in Figure 3. The counterpart
disk with 160 mm for the outside diameter and 12 mm in
thickness was fabricated using hardened EN 31 chromium
steel with a hardness of 60 HRC and Ra value of 0.6 mm. The
test specimens were loaded against the disk with a dead

m Specimens for the wear test.
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weight. The specimens were cleaned with alcohol and weighed
carefully using a 0.001 gm accuracy electronic balance, both
before and after the tests. The difference between the initial
and final weights was taken as a measure of slide mass loss.
Literature states the percentage of reinforcement, load applied,
sliding speed, and sliding distance are the influential process
parameters to identify the wear rate in dry sliding conditions.

During the experiment, by applying the load, the pin
specimen was pushed against the rotating disk. To study the
pin’s wear behavior, the wear-free counterpart was selected in
such a fashion that it possesses higher hardness than the pin.
To study the wear behavior of these composites, the end faces
of these specimens and the counterpart were kept completely
smooth so that pin-disk contact is achieved. The surface
roughness of the rotating disk is close to 1 mm. Before and
after the experimentation process, the counterpart disk was
cleaned with acetone and later dried. The difference in weights
after the experimentation process was measured using an
electronic balance (Least Count = 0.001 g). These wear tests
were performed by altering various process parameters. The
samples were weighed after each test to determine the wear
rate in terms of weight loss. The wear tests were carried out
with variable sliding velocity, sliding distance, load, and rein-
forcement. Finally, the worn surfaces were observed under
SEM to investigate the wear mechanisms.

2.3. Experimental Design

Wear tests on AA5754-TiB, in situ composites were performed
to analyze the influence of process parameters to find the Wear
Rate (WR) and Coeflicient of Friction (COF). L16 Taguchi
experimental plan was chosen (Table 3), a standard array for
the statistical analysis. The experimental results were
converted into a signal-to-noise ratio (S/N) in Taguchi’s design
process. In this study, the characteristic performance was
measured in terms of WR and COF. Taguchi’s characteristics
the lower the better performance was chosen. Characteristic
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TABLE 2 Levels of process parameters.

Levels
Control factors Units 1 2 3
% of reinforcement ~ wt.% 0 25 5 75
(A)
Load (B) N 10 20 30 40
Sliding speed (C) m/s 1.5 3 45 6
Sliding distance (D) M 1000 1500 2000 2500

performance is expected to be minimum. For every level of
process parameters, S/N ratios were evaluated. Statistically
significant parameters were determined using ANOVA.
Finally, optimal combinations of test parameters were evalu-
ated. The process parameter levels are shown in Table 2. There
are four levels in each control factor. The influences of the
factors on tribological behavior were also studied.

3. Results and Discussions

3.1. Statistical Analysis

3.1.1. Influence on Wear Parameters on Wear
Behavior Using Design of Experiments (DOE) DoE
is an effective method to find both the individual and interac-
tion effects of various factors affecting the given process.
ANOVA is carried out in order to execute the validity of the
proposed parameters and to go beyond the significant factors.
Based on the literature, load, sliding speed, sliding distance,
and percentage of reinforcement were used as process param-
eters for the experimentation. Among these process param-
eters, the first three are process variables, while the percentage
of reinforcement is a material parameter. The experimentation
process was carried out in dry sliding conditions. DoE deter-
mines the proper combination of the process parameters and
the specimens that are required for conducting the experi-
ments. An L16 orthogonal factor design was selected for the
present study. Statistical WR and COF analysis of Al-TiB, in
situ composites is performed by conducting S/N ratio analysis
and ANOVA. Taguchi recommended using S/N ratio instead
of simple averages of experimental outcomes to obtain opti-
mality, as S/N ratio assessment can study the variability of
experimental outcomes under experimental circumstances.
The WR and COF, which are considered as the objective
function, are converted into S/N ratios, which are regarded
as quality characteristics. Taguchi’s “the lower the better”
quality characteristics are being chosen to minimize the
objective function.

3.1.2. Effect of Load, Sliding Speed, and
Reinforcement on WR and COF Four distinct loads,
10N, 20 N, 30 N, and 40 N, were taken during wear trials to
assess the composite's wear behavior. From the mean effect

plot, it can be seen that any increase in the load applied results
in an increase in the WR and COF, which was similar to the
results of Kumar [31]. The interface temperature had increased
due to increased contact pressure, resulting in a higher rate
of material removal due to increased load increases. As the
load applied increases, more energy is converted as heat
energy; adhesion occurs due to frictional heating, primarily
due to increased removal of material. It can be noted that,
with increased sliding speed, the WR decreases. The reduction
of WR and COF is mainly due to the formation of the oxide
layer that prevents direct contact between the sliding interfaces.

Increasing the weight fraction of TiB, content leads to
wear rate reduction, owing to the high hardness of TiB,, and
leads to significant improvement in wear resistance. The
increase in synthesizing TiB, in the composites increases the
load-carrying capacity of the composites. This in turn
increases the hardness of the composites serving these mate-
rials to reduce the WR and COF of the matrix alloy.

3.1.3. Analysis of Factors Table 3 shows the S/N ratios
calculated using Minitab 16, for analyzing the effect of factors
that influences the WR and COF for all the experimental
trials. Table 4 and Table 5 depict ANOVA and delta values
that are derived from S/N ratios for every individual factor.
These values determine factors influencing the WR in a
systematic and orderly manner from high to low. The order
of influencing factors from high to low are as follows: (1)
percentage of reinforcement, (2) load, (3) sliding speed, and
(4) sliding distance, respectively.

The optimum level of each control factor can be easily
determined from the graph by considering “the lower the best”
performance characteristics. Figure 4 suggests the optimum
conditions for minimum WR of the combinations A3B1C2D3
levels of the respective control factors. This clearly makes us
understand that to reduce the wear rate of the composites,
applied load and sliding speed have to be lowered and the
percentage of reinforcement has to be increased. From the
graph, it is clear that the wear rate is greatly influenced by the
load compared with other factors. From previous studies, it
hasbeen evident that load is the critical factor controlling the
wear behavior, which was indicated by Koksal [32]. It was
reported that the wear rate increases with increasing load. The
next influencing factor for wear rate is sliding speed. In
general, the wear rate of matrix alloy increases with sliding
speed. Kumar et al. [33] also reported that the wear rate
increases with the sliding speed.

The most effective parameter for the decrease in wear rate
is the percentage of reinforcement. The wear rate of composites
has been observed to decrease with increased content of TiB,
in the matrix. However, for a given percentage of reinforce-
ment, the composite possesses a lower wear rate than the base
material. The improved wear resistance of the composite with
increased content of TiB, reinforcement can be attributed to
the improvement of the hardness of the material. It has been
clearly observed that the presence of ceramic reinforcements
improves the wear resistance of the aluminum matrix alloys.
The main effect plot also shows that the WR has a strong
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TABLE 3 Experimental design using L, orthogonal array.

Sliding Sliding
Experiment no. % of reinforcement Load speed distance
1 0 10 1.5 1000
2 0 20 3 1500
3 0 30 4.5 2000
4 0 40 6 2500
5 2.5 10 3 2000
6 2.5 20 1.5 2500
7 2.5 30 6 1000
8 25 40 4.5 1500
9 5 10 4.5 2500
10 5 20 6 2000
n 5 30 15 1500
12 5 40 3 1000
13 75 10 6 1500
14 75 20 45 1000
15 75 30 3 2500
16 7.5 40 15 2000

influence on the percentage of reinforcement followed by load
and sliding speed.

Table 6 and Table 7 depict ANOVA and delta values that
are derived from S/N ratios for every individual factor. These
values determine factors influencing the COF in a systematic
and orderly manner, from high to low. The order of influencing
factors from high to low are as follows: (1) percentage of rein-
forcement, (2) load, (3) sliding distance, and (4) sliding speed,
respectively. Using the main effects plot and interaction plot,
the influence of each design factor on the COF can be analyzed.
The optimum level of each control factor can be easily deter-
mined from the graph by considering “the lower the best”

TABLE 4 ANOVA for S/N ratios of wear rate.

Source DF Seq SS Adj MS
% of reinforcement 3 70.3775 23.4592
Load (N) 3 101630 3.3877
Speed (m/s) 3 0.3593 0.1198
Distance (m) 3 0.8982 0.2994
Residual error 3 0.1831 0.0610
Total 15 81.9812

Wear rate S/N ratio S/N ratio
3.642233 -11.227 0.387 8.245
3.99572 -12.031 0.422 7.493
4.446822 -12.961 0.435 7.23
5.397895 -14.644 0.452 6.897
3.0173 -9.592 0.329 9.656
3.613697 -11159 0.352 9.069
4182391 -12.42 0.399 7.980
4.517567 -13.09 0.405 7.850
2.342429 -7.393 0.251 12.006
2.812199 -8.980 0.283 10.964
2.650338 -8.466 0.341 9.344
2.687355 -8.586 0.35 9118
3.451995 -10.76 0.191 14.379
3.570894 -11.05 0.227 12.879
3.576042 -11.06 0.23 12.765
3.597289 -1 0.247 12.146

performance characteristics. Figure 5 suggests the optimum
conditions for the minimum COF of the combinations
A4B1C4D4 levels of the respective control factors. It is scru-
tinized that the COF for reinforced material is higher than
that of base material due to adhesive wear behavior of the
matrix material. Composite with 7.5% reinforcement has lower
COF when compared to other reinforcement percentages. It
is due to the fact that, when the particles are exposed during
sliding, the real contact area of the lower percentage reinforced
composite is low when compared to the higher percentage
reinforced composite. As percentage reinforcement increases,
the COF also increases proportionally due to the increase in

F P % contribution
384.29 0.000 85.84

55.49 0.004 12.39

1.96 0.297 0.43

4.90 0.112 1.09

TABLE 5 Response table for wear rate S/N ratios (smaller is better).

Level % of reinforcement A Load (N) B
1 -12.716 -9.744

2 -11.569 -10.807

3 -8.357 -11.231

4 -11.001 -11.862
Delta 4.359 2119

Rank 1 2

Sliding speed (m/s) C Sliding distance(m) D

-10.493 -10.824
-10.320 -11.089
-Nn127 -10.663
-11.704 -11.066
1.384 0.426
3 4
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m Main effects plot for wear rate on AMMC'’s S/N ratio.
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the real contact area and also due to the increase in wear debris
entrapped between the sliding surfaces.

3.2. ANOVA Analysis

To find out the significance of the parameters on the WR, a statis-
tical tool ANOVA is used. From ANOVA, S/N ratios of WR are
depicted in Table 4, with computed R-Sq of 97.91%. Composition
and Load are keyed out as the significant parameters with 85.84%
and 12.39% contribution, respectively. The parameters such as
sliding speed and sliding distance are found to be insignificant
parameters on the WR with very low percentage contributions.

From ANOVA, S/N ratios of COF are depicted in Table 6,
with computed R-Sq of 98.88%. Composition and Load are
keyed out as the significant parameters with 86.03% and
12.42% contribution, respectively. The parameters such as
sliding distance and sliding speed are found to be insignificant
parameters on the COF with very low percentage contributions.

TABLE 6 ANOVA for S/N ratios of COF.

© SAE International

m Main effects plot for COF on AMMC’s S/N ratio.

Main effects plot for SN ratios

data means
Compaosition Load (N} Speed {m/s) Distarce {m}

12 »

17 f
8
Eu / 4
g ’
B w -, e e o

/ - o
§ ! -
-

= 8 / e

o 25 H0: 135 . 10 W0 30 40 13 30 45 6D 1000 15‘]) 000 #5000

Sigpal-ta-moise Smatler is better

3.3. Correlation

Percentage of reinforcement and load are the effective factors,
and quality characteristics (specific WR) are correlated by a
multiple linear regressions. This is represented by correlation
equations as follows:

WR =3.5939+0.7768 A1+0.2389 A2 -0.9708 A3
—0.0448 A4 —-0.4804 B1-0.0958 B2 +0.1200 B3
+0.4561B4-0.2180C1-0.2748 C2+40.1255C3+0.3672 C4

COF =0.33131+0.09269 A1+ 0.03994 A2 —-0.02506 A3
—0.10756 A4 —-0.04181B1-0.01031B2+0.01994 B3
+0.03219 B4 +0.00044 C1+0.00144 C2-0.00181C3
—0.00006 C4 +0.00944 D1+0.00844 D2
—0.00781D3-0.01006 D4

Source DF Seq SS Adj MS F P % contribution
% of reinforcement 3 70.3775 23.4592 384.29 0.000 85.85

Load (N) 3 10.163 3.3877 55.49 0.004 12.40

Speed (M/s) 3 0.3593 0.1198 1.96 0.297 0.44

Distance (m) 3 0.8982 0.2994 49 0.112 110

Residual error 3 0.1831 0.061

Total 15 81.9812

TABLE 7 Response table for COF S/N ratios (smaller is better).

Level % of reinforcement A Load (N) B
1 7.467 11.072

2 8.639 10102

3 10.359 9.33

4 13.043 9.003
Delta 5.576 2.069
Rank 1 2

Sliding speed (m/s) C Sliding distance(m) D

9.701 9.556
9.758 9.767
9.992 9.999
10.055 10.185
0.354 0.628
4 3
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3.4. Analysis of Wear Surface
and Debris

Characterization of AMMCs, specifically worn surface micro-
structure, is more perplexed than the metals and alloys. To
disseminate and analyze the mechanism of wear of AMMC:s,
SEM analysis of wear surface and wear debris formed during
the process was studied. Figure 6 shows the low magnification
of SEM micrographs of master and in situ composites that are
tested at 40 N. From Figure 6(a), a unique pattern of grooves
and ridges can be observed that are running parallel to each
other in the master composite AA5754-0 wt.% TiB,.
Figures 6(b), (c), and (d) exemplify that grooves in in situ
composites are much shallower than the master composite
AA5754-0% TiB, grooves because of the existence of TiB,
particles. Extravagantly from Figure 6(c), grooves are much
finer, tightly spaced owing to their sliding action of debris and
tough particles in AA5754-5 wt.% TiB,. Furthermore, the

examination of the master alloy AA5754-0 wt.% TiB, alloy’s
trailing edge shows a gross plastic deformation attributed due
to the lack of in situ particles [Figure 6(a)], whereas in the in
situ composites demonstrates gentle edge profile [Figure 6(b),
(c), and (d)]. Some patches of oxygen-rich material are also
observed, which are evenly distributed across the worn surface
and eventually break off to form the loose debris.

Figure 7(a) to (d) show the high magnification of SEM
micrographs of composites that are tested at 40 N. In the case
of master composites, the deformation range is quite high

Figure 7(a)]; whereas in situ, a composite demonstrates fewer
and smaller cracks [Figure 7(b), (c), and (d)].

The extent of the wear debris produced has an immense
impact on the in situ composites in terms of WR and COF.
The present work exhibits the size and morphology of the wear
debris. They are distinctly different and largely depend upon
theload and the formation of TiB, particles. SEM micrographs
shown in Figure 8(a) and (b) depict coarse flaky and fine

m (@) 0 wt.%, (b) 2.5 wt.%, (0) 5 wt.%, and (d) 7.5 wt.% SEM images (lower magnification) of wear surfaces of AA5754-

TiB, in situ composites at 40 N load.

© SAE International
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IETTLEEA ) 0 wt.%, (b) 2.5 wt.%, (©) 5 wt.%, and (d) 7.5 wt.% SEM images (higher magnification) of wear surfaces of Al5754-

TiB, composites at 40 N.
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equiaxed debris that is produced during the sliding wear. The
fine fragments are known to be the most numerous regardless
of the actual load [1]. As the load enhances from 10 to 40 N,
the quantity and size of the flaky debris increases, which indi-
cates the delamination of wear mechanism. Figure 8(d)
demonstrates the existence of both longitudinal and trans-
verse cracks within the debris.

At long last, these cracks further propagate to produce
finer debris. Figure 9 depicts a comparison in the size of in
situ composite wear debris with different wt.% of TiB,. The
wear debris consists of mixed morphology of particles, with
the dominant being the equiaxed type. This is mainly due to
the interaction during the sliding wear between hard TiB,
particles and coarse flaky debris. For the AA5754-2.5 wt.%
TiB, composite, the size of the debris [Figure 9(a) and (b)] is
marginally larger than that of the 5 wt.% and 7.5 wt.% TiB,
composite [Figure 9(c), (d), (e), and (f)] on the same conditions.

Figure 8 depicts the rise in load also makes it possible to
form finer debris. This is in contrast with many of the earlier

results where coarse debris is formed at higher loads [31]. A
larger quantity of TiB, particles and higher loads are favored
by the system, similar to a high energy ball milling, to generate
finer debris. This is very much comparable to the previous
outcomes. Thus, the transformation from mostly flaky in
metal (Figure 9) to mostly equiaxed in composites in wear
debris morphology (Figure 9) can significantly change the
wear mechanism.

3.5. Pitting Corrosion

The pitting potential values of the master alloy and the in situ
composites are given in Table 8. Figure 10 depicts the poten-
tiodynamic polarization curves. TiB, formed due to the mixed
salt route method greatly influences resistance to corrosion,
when compared with the master composite, i.e., AA5754-0 wt.%
TiB,. The hard and tough particles are used as insulators and
avoid the galvanic coupling between the matrix and the
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m (@ and (b) 10 N, (c) and (d) 40 N SEM micrographs of wear debris of AA5754 alloy at two different loads.

precipitates, thereby increasing resistance to pitting corrosion.
There was a significant improvement of pitting corrosion
resistance in 5 wt.% and 7.5 wt.% TiB, in situ composites.
AA5754-5 wt.% TiB, has shown good corrosion resistance
compared to other in situ composites. Figure 11 shows the
optical micrographs of specimens after pitting corrosion testing.
It is distinct that the formation of pits is very less in the in situ
composites whose percentage of reinforcement is greater when
compared to the master composite, i.e., AA5754-0 wt.% TiB,,
which is a good sign of improved pitting corrosion resistance.

4. Conclusion

In the current study, AA5754-TiB, in situ composites were
fabricated using the stir casting method. The mixed salt route

© SAE International

method was successfully adopted in the preparation of Al-Mg-
xTiB, (x=2.5, 5,and 7.5 wt.%) composites. Based on the prin-
ciples of Taguchi, the orthogonal array of L16 was considered
to optimize the parameters such as Percentage of
Reinforcement, Load, Sliding Speed, and Sliding Distance to
minimize the WR of in situ composites and the master alloy.
ANOVA was conducted to observe the significance of input
parameters and their interactions. From the study, the
following conclusions are drawn:

* TiB, was successfully synthesized in AA5754 through
the mixed salt route method. Reinforcing TiB, in the
matrix of AA5754 has a significant influence on the wear
behavior of the material.

® Dry sliding tests at room temperature were conducted on
in situ composites. There was a significant increase in the
wear of these in situ composites. This is mainly due to
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m SEM photomicrographs of wear debris of Al5754-TiB, composites at three different loads of 10 N and 40 N for (@)
and (b) 2.5 wt.%, (c) and (d) 5 wt.%, and (e) and (f) 7.5 wt.%.
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TABLE 8 Pitting potential values (mV) of base material and TiB,-reinforced material.

% of reinforcement Ecorr (MV) leorr (MA/cm?) Corrosion rate (mm/year)
AA5754-0% TiB, -1210 0.0142795 0.158787

AAS5754-2.5% TiB, -1395 0.0042139 0.046858

AA5754-5% TiB, -1149.6 0.0004827 0.0053674

AA5754-7.5% TiB, -1363.5 0.0126636 0.1408194

the synthesizing hard and tough particles of the TiB, in
the AA5754 matrix and the formation of a protective
layer between the pin and the counter face that enables
wear resistance of the material.

* Based on the literature, it is found that the wear rate is
significantly increased when compared with the
composites that are synthesized by using the ex situ
method or any other conventional methods.

¢ The wear factor that has the greatest physical and
statistical effect on the wear of the composites is the
percentage of reinforcement. AA5754-xTiB, in situ
composites present a contribution of the percentage of
reinforcement (85.84%) and load (12.39%).

* The COF factor that has a great effect on the composites
is the percentage of reinforcement. AA5754xTiB, in situ

m Potentiodynamic polarization curves.

composites present a contribution of the percentage of
reinforcement (86.03%) and load (12.42%).

Interactions between sliding speed and sliding distance
on the dry sliding are of a small percentage, yet they are
considered statistically insignificant.

The SEM micrographs clearly show the wear scars are
being increased due to the increase in load and the
formation of transverse and longitudinal cracks formed
on the base material. But a remarkable difference has
been observed on increasing the reinforcement of TiB,
into the composites.

The corrosion resistance of the material increases with
increased TiB, content in the in situ composites. The
potentiodynamic polarization curves and Ecorr shows
AA5754-5 wt.% TiB, has good corrosion resistance.

Al-TiB2
T |
-600 — AAS754 - 0%TiB: Ecorr:  -1210 mV —
AAS754 - 2.5%TiB: Ecorr: -1395 mV
-700 - AA5754 - 5%TiB: Ecorr:  -1149 m\ ]
AAS754 - 7.5%TiB2 Ecorr: -1363.5 mV
-800 —
S -900+
E
© -1000 —
§
5 -1100 —
o
-1200 —
-1300 —
-1400 =

Current (mA/cm?)
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m Optical micrographs of base material and TiB,-reinforced material after pitting corrosion test.
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