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The present work aims to study the corrosion and tribocorrosion behaviors of pure Al and Al-30 vol.% B4C
fabricated by a combination of mechanical milling and hot-pressing processes. Structural analysis and
phase composition of the pure Al and the Al-30 vol.% B4C composite were evaluated by field emission-
scanning electron microscopy and x-ray diffractometry, respectively. The corrosion behavior was investi-
gated using electrochemical impedance spectroscopy and potentiodynamic polarization in a 3.5 wt.% NaCl
solution. Tribocorrosion tests were performed under an open-circuit potential in the same solution with a
ball-on-flat configuration, and Al2O3 balls were used. Electrochemical studies revealed that the composite
with 30 vol.% B4C presented lower resistance to corrosion as compared to the pure Al evidenced by a
decrease on the corrosion potential, an increase on the corrosion current density and a smaller diameter of
the semicircle presented in the Nyquist diagram. The results from the potentiodynamic polarization mea-
surements showed that pure Al corroded at 58% slower rate when compared to the corrosion rate of Al-30
vol.% B4C composite. However, tribocorrosion tests showed that B4C particle addition to the Al matrix
decreased the wear volume of the resulted composite from 1.48 to 0.03 mm3.

Keywords aluminum, boron carbide, corrosion, metal, matrix
composite, tribocorrosion

1. Introduction

Aluminum (Al) and its alloys have been gathering a lot of
interest in the aircraft, automotive, construction, packaging,
electronics and military industries due to their high strength to
weight ratio as well as their environmental resistance to
degradation in many corrosive media, including atmospheric
environments, fresh and salt waters, and in many chemicals and
chemical solutions (Ref 1). When exposed to air, Al alloy does
not oxidize progressively because an inert and protective oxide
film forms on the surface and seals the metal from the
environment. The mechanical strength is strongly required in
the actual use. The high performance tribological applications,
however, is also important when using them in corrosive
medium, such as valves, impellers and pumps. The tribocor-
rosion properties of monolithic Al alloys were discussed (Ref
2). It showed that the material removal was mainly by a high
plastic deformation around the wear track and ductile charac-
teristic of the Al alloy. As a result, a poor tribocorrosion
resistance and low seizure loads prevent a direct use of
monolithic Al alloys due to the intensive friction and mechan-
ical loading. The corrosion and tribological phenomenon
impose a huge damage to economy and industry. It has been
reported that 10% of the material degradation in engineering

parts occurs due to corrosion, while 30% is due to abrasion,
15% is due to adhesion and 10% is due to tribocorrosion (Ref
3).

Silicon carbide (SiC), Aluminum oxide (Al2O3) and Boron
Carbide (B4C) are widely used as potential hard ceramic
reinforcements in Al matrix composites. Although it is
expensive compared to other ceramic types, B4C is preferred
as a reinforcement material due to its low density (2.51 g/cm3)
(Ref 4) that is lower than that of Al2O3 or SiC, high hardness
(> 30 GPa) and wear resistance, high chemical inertness (Ref
4, 5) and neutron absorption capacity (Ref 6). Al-B4C metal
matrix composites (MMCs) can be an attractive candidate for
neutron absorber materials to fabricate the inside basket of
transport and storage casks for spent nuclear fuels in the nuclear
industry (Ref 7). Adding of B4C particles to the Al matrix alloy
through various composite production techniques to enhance
the mechanical property (hardness and wear resistance) could
also significantly decrease its corrosion resistance (Ref 8). Han
et al. (Ref 4) reported that Al-B4C composites showed lower
corrosion resistance than Al alloys. Moreover, the electrochem-
ical resistance of such composites decreased with increasing the
B4C content in the produced composites. It was found that the
galvanic corrosion of Al-B4C composites was limited by the
slow rate of oxygen reduction at the B4C particles which did
not promote the galvanic corrosion (Ref 9). It was reported that
Al-B4C composites exhibited lower corrosion rates when
exposed to the NaCl solution (Ref 10). Alaneme and Olubambi
(Ref 11) studied the corrosion properties of Al alloy reinforced
with Al2O3 and rice husk ash in a 3.5% NaCl solution. It was
reported that the composite with a higher weight percentage of
Al2O3 with higher density (3.9 g/cm3) exhibited the enhanced
corrosion resistance compared to the composite with a higher
weight percentage of rice husk with lower density (0.3 g/cm3).
Ashraf et al. (Ref 12) demonstrated Al-30Fe3O4-20SiC com-
posite had the excellent corrosion resistance in simulated
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seawater media. Abu-Warda et al. (Ref 13) studied the
corrosion properties of A6005-TiB2 nanocomposites in a
3.5% NaCl solution. It was reported that mechanical alloying
processing and 5 wt.% nano-TiB2 addition did not produce
significant negative effects on its corrosion resistance.

It has been expressed that Al-B4C composites produced by
powder metallurgy (P/M) offer significant advantages com-
pared with conventional casting because of its low process
temperature, which presents less interaction between the Al and
the B4C (Ref 14, 15). An additional advantage of P/M process
is its low processing costs along with its high versatility. But
still, to obtain a defect-free microstructure with an enhanced
mechanical property, it is essential for the particles to be
uniformly dispersed into metal matrices (Ref 15). However, due
to the poor wettability in Al-B4C system, and a large surface-to-
volume ratio, the uniform dispersion of fine B4C particles in the
Al matrix is an important problem for processing of compos-
ites. Hot pressing is a P/M process that combines the pressing
and sintering steps simultaneously and therefore, provides a
simpler production route with better mechanical and electro-
chemical properties as compared to the conventional techniques
(Ref 16). Because of this, a P/M process involving a hot-
pressing step is accounted as an excellent technique for the
consolidation of Al-B4C powders (Ref 14). It should be noted
that, a study has focused on the both corrosion and tribocor-
rosion properties of Al composites with 20 vol.% B4C prepared
through stir casting approach (Ref 8). This work aims to
develop a fundamental understanding of Al and Al-B4C
composite, their structure and their corrosion and degradation
mechanisms during tribocorrosion. Al was chosen as the matrix
for its high corrosion resistance and passivity in 0.6 M NaCl
aqueous solution, while B4C particles were chosen because
they were stable compounds, which were not dissolved by
aqueous alkalis and mineral acids (Ref 10). Since the in-service
properties of Al composite with 30 vol.% B4C fabricated

through a cost-effective processing technique based on P/M
route is highly essential besides mechanical properties in order
to expand their potentiality under wear and corrosive conditions
such as nuclear, offshore, aircraft and military components (Ref
6, 17, 18), it would therefore be of interest to evaluate
microstructure, hardness, corrosion and tribocorrosion behavior
of Al matrix composite with 30 vol.% B4C in the as-received
state against the threat of wear and corrosion.

2. Materials and Methods

High purity Al powders (99.9% purity) with average particle
size of 27 lm were used as the matrix alloy. Angular shape B4C
particles (Grade HS, HC Starck, Berlin, Germany) with an
average size of 3.5 lm were added as reinforcement. To obtain
uniform particulate distribution, powders were milled using a
planetary ball mill. The tungsten carbide milling vial and balls
were selected as the milling medium. Milling parameters were
selected as follows: ball to powder ratio 10:1, planetary-disk
rotation speed 400 rpm and with stearic acid (CH3 (CH2)
16CO2H) addition as process control agent (PCA). Al-30 vol.%
B4C powders, which were milled for 24 h, were uniaxially
cold-pressed in a steel mold of 30 mm in diameter with an axial
pressure of 700 MPa. Since the hard B4C particles restricted the
deformation of the composite (Ref 19), the mixture were then
hot-pressed at 773 K with a pressure of 1600 MPa in a steel
mold for 1 h and allowed to cool at atmospheric temperature, so
discs with 30 mm diameter and 10 mm thickness were
obtained. The pure Al has an exact hot consolidation process
similar to composite as a reference.

Microstructural evaluations were carried out by a field
emission-scanning electron microscopy (FE-SEM) equipped
with the energy dispersive x-ray (EDX) spectroscopy and an

Fig. 1 Schematic view of reciprocating tribometer coupled with electrochemical cell used in this study: (1) Reference Electrode (RE), (2)
Counter Electrode (CE), (3) Working Electrode (WE), (4) Al2O3 ball, (5) Electrolyte, (6) Load
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optic microscope (OM), respectively. The phase identification
was carried out using x-ray diffraction (XRD) performed at 2h
sweeps from 10 to 90� with a Cu Ka (k = 1.54 A�) radiation
source, and the crystallite size was determined by applying the
Scherrer Eq 1 (Ref 20).

L ¼ K:kð Þ= b: cos hð Þ ðEq 1Þ

where L is the crystallite size, K is a constant related to
crystallite shape, b is the full width at half maximum (FWHM),
k is the wave length and h is the peak position. The hardness
measurement was accomplished using Knoop diamond inden-
tation under a 500 g load for a period of 15 s. The obtained
results were the average of five measurements. The theoretical
density of the pure Al and the composite with 30 vol.% B4C
was computed using rule-of-mixture, while experimental
density was evaluated using helium-gas-based pycnometer
technique. More detail regarding the void content calculation
used in this work has been reported elsewhere (Ref 21).

The electrochemical corrosion response of the samples was
detected by means of a Gamry model PCI4/750 Potentiostat/
Galvanostat controlled by a computer with DC105 corrosion
analysis software at room temperature using a three-electrode
cell, consisting of a working electrode, a saturated calomel
electrode and a platinum electrode. The potentiodynamic
polarization (PDP) measurements were conducted in 100 ml
solutions of 3.5 wt.% NaCl by sweeping the potential from
cathodic to anodic direction at a constant scan rate of 1 mV s�1,
starting from � 1.2 up to � 0.60 V. Electrochemical impedance

spectroscopy (EIS) was conducted at the frequency range from
100 kHz to 0.002 Hz. The impedance spectra were analyzed in
3.5 wt.% NaCl at the open-circuit potential (OCP). Prior to
electrochemical tests, the samples were allowed to stabilize to
obtain a stable OCP. Finally, the corroded surfaces were
analyzed by FE-SEM/EDX in order to identify the morpholo-
gies of the corrosion surfaces.

Tribocorrosion experiments were conducted in a three-
electrode chemical cell containing 25 ml of 3.5 wt.% NaCl
solution installed on a linear reciprocating ball-on-plate con-
figuration (Fig. 1). For the tribocorrosion tests, machined
samples of 59 109 20 mm were soldered to a wire for
electrical contact and embedded in an epoxy resin holder.
Before the tribocorrosion tests, the surface of samples was then
abraded up to 1200 mesh emery paper, mechanically polished
down to 1 lm alumina paste to reach an average surface
roughness (Ra) of 0.08± 0.01 lm. The testing sample serves as
the working electrode (WE), and its potential is monitored
using a Gamry model PCI4/750 Potentiostat/Galvanostat. The
reference electrode (RE) was an Ag/AgCl, and the counter
electrode (CE) was a platinum rod. Hubner and Wranglerr
reported that pits do not nucleate on Al in the OCP condition
(Ref 22). Therefore, reciprocating sliding tests were carried out
under OCP conditions. The OCP was recorded before, during
and after reciprocation sliding contact with the Al2O3 ball of Ø
= 10 mm. The tribocorrosion tests consisted of the three steps:
(1) OCP stabilization for 600 seconds before sliding; (2) OCP
variation for 2700 seconds during sliding; (3) OCP stabilization
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Fig. 2 Low and high magnification OM photographs of the pure Al and Al-30 vol.% B4C composite. The arrows show some of the micro-
voids present in the composite

Table 1 The void content, Knoop hardness and density test results

B4C content, vol.% Void content, % Knoop hardness, HK0.5 Experimental density, g/cm3

0 1.8 181 ± 7.5 2.65
30 2.4 214 ± 15 2.58

9142—Volume 30(12) December 2021 Journal of Materials Engineering and Performance



for 600 seconds after sliding. Tests were performed under a
load of 5 N, a stroke length of 11.5 mm, a speed of 1.9 cm s�1

and a total sliding distance of 57.5 m. During the test, an
exposure area of � 2 cm2 was exposed to the corrosive
electrolyte. The coefficient of friction (COF) was recorded by
the load cell. After tribocorrosion tests, the wear scars were
cleaned in acetone and the contact surfaces of wear scars were
examined by a FE-SEM. Total material loss rates were
determined by measuring the 2D cross-sectional area profile

Fig. 3 (a) Low- and (b) high-magnification FE-SEM photographs showing the uniform distribution of B4C particles in the Al-30 vol.% B4C
composite and (c) XRD patterns of pure Al and Al-30 vol.% B4C composite.

Fig. 4 (a) FE-SEM photograph showing the interface of Al-30
vol.% B4C composite and (b) EDX spectra showing the elements
present at the interface of Al-30 vol.% B4C composite

Fig. 5 Potentiodynamic polarization curves of pure Al and Al-30
vol.% B4C composite recorded in 3.5 wt.% NaCl solution
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of the wear scars (in three locations) by using a contact
profilometer (Mitutoyo Surtest SJ-400) and converting this to a
wear volume by taking account of the scar length. By the end of
the OCP tribocorrosion tests, optical densities of test solution
were measured using a UV-spectrophotometer (T80 UV/VIS
spectrometer P6 Instruments Ltd.) in order to determine the
density of their wear products in the test solution. Freshly
prepared 3.5 wt.% NaCl solution was analyzed as the reference
to evaluate the optical densities of solutions. After the
spectrophotometric measurement of freshly prepared 3.5 wt.%
NaCl solution by using fix visible light (wave length: 202 nm),
the data obtained were automatically adjusted to zero in order
to determine the optical densities of the test solutions utilized in
the OCP tribocorrosion tests.

3. Results and Discussion

The microstructure of pure Al shows almost pore-free
(Fig. 2). In hot press process, when the temperature is below the
melting point of Al, applied pressure can deform the soft Al
particles and the space between particles is reduced, causing a
reduction in voids (1.8%). In the case of Al-30 vol.% B4C
(Fig. 2), since the hard B4C particles suppress the deformation
there are micro-voids (2.4%) in the approximate size of 3-4 lm
in the microstructure of hot-pressed composite. The void
content, Knoop hardness and density test results are given in
Table 1. Since the Knoop hardness of the Al-30 vol.% B4C
composite was found to be almost 18% greater as compared to
the pure Al, it can be concluded that the production process was
carried out perfectly (Ref 23). On the other hand, the density
was observed to decrease with the existence of B4C particles

Fig. 6 OCP time response of pure Al and Al-30 vol.% B4C
composite recorded in 3.5 wt.% NaCl solution

Fig. 7 Nyquist plots of pure Al and Al-30 vol.% B4C composite
recorded in 3.5 wt.% NaCl solution

Fig. 8 Low- and high-magnification FE-SEM photographs of the pure Al and Al-30 vol.% B4C composite after the corrosion tests
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which is thought to be related to the relatively lower density of
B4C (2.52 g/cm3) compared to Al (2.7 g/cm3) (Ref 17). The
crystallite sizes of the pure Al and Al-30 vol.% B4C composite
were measured as 47 nm and 38 nm, respectively. A decrease in
the crystallite size value was observed with addition of B4C
particles to the Al matrix. The decreased value recorded in the
Al-30 vol.% B4C composite could be as a result of the milling
process used to achieve effective dispersion of the B4C particles
within the Al matrix. On the other hand, during hot deformation
the B4C particles can stimulate the dynamic recrystallization
nucleation, restrain the grain growth and reduce the preferential
orientation of the Al grains (Ref 24).

Figure 3 depicts the distribution of B4C particles in the Al
matrix. It can be observed that fabrication of this composite via
hot press process lead to reasonably uniform distribution of
B4C particles in the Al matrix and minimum clustering or
agglomeration of the B4C particles (Fig. 3a). However, micro-
voids observed at the particle/matrix interface of the composite
with 30 vol.% B4C can be trapped between agglomerated B4C
particles and survive even after hot press process, as shown in
Fig. 3(b). The XRD patterns of the pure Al and Al-30 vol.%
B4C composite are given in Fig. 3(c). Al peaks were identified
at 2h angle of 38.43�, 44.69�, 65.04�, 78.18º and 82.39�. The
miller indices of these peaks are found out to be (111), (200),
(220), (311) and (222), respectively. B4C peak can be seen at a
diffraction angle of 37.74�. However, it was observed that there
was a decrease in the height of Al peaks in the composite with
30 vol.% B4C due to structural refinement. From the XRD
patterns, it can be confirmed that only Al and B4C peaks are

found and no other intermetallic phases were formed after 24
hours milling. Similar results were found in the various
literatures (Ref 5, 14, 17). Figure 4 shows the SEM micrograph
of Al-B4C interface with EDX result in the Al-30 vol.% B4C
composite. Small B4C particles ( £ 3.5 lm) tended to debond
by interfacial decohesion, resulting in micro-voids. The EDX
spectrum revealed the presence of the elements Al, B and C in
the Al-B4C interface. The EDX result is well consistent with
the XRD results shown in Fig. 3(c).

The corrosion properties of the pure Al and the Al-30 vol.%
B4C composite were examined using the PDP technique. To
achieve the equilibrium potential, the area of � 0.25 cm2 of
samples was immersed in the solution of 3.5 wt.% NaCl for
about 2700 seconds. As seen in the Fig. 5, the pure Al shown
higher cathodic current density at the given potential compared
to Al-30 vol.% B4C composite. But, pure Al exhibited smaller
anodic current density compared to Al-30 vol.% B4C compos-
ite. The oxidation of Al and evolution of hydrogen gas/oxygen
reduction occur at the anode and cathode, respectively. The
polarization curves as represented in Fig. 5 demonstrate a
decrement in corrosion performance of monolithic Al by the
incorporation of B4C particles as it indicated by reduction in
corrosion potential (from – 954 to � 1050 mV), increase in
corrosion current (from 2.64 9 10�6 to 6.26 9 10�6 A/cm2)
and increase in corrosion rate (from 93.68 9 10�3 to 223.00 9
10�3 mmpy). Pure Al corrodes at 58% slower rate when
compared to the corrosion rate of Al-30 vol.% B4C composite.

To further probe the corrosion results, EIS was measured for
the pure Al and its composite in 3.5 wt.% NaCl solution. Before
the EIS tests, the evolution of the OCP values of the pure Al
and Al-30 vol.% B4C composite with time is presented in
Fig. 6. The OCP value can be used to measure the corrosion
tendency of the sample in an aqueous solution, and a higher
OCP value means lower corrosion tendency (Ref 25). It is
inferred from Fig. 6, that the OCP value of the Al-30 vol.%
B4C composite was lower compared to the pure Al during the
entire corrosion cycle. It is observed that the OCP is stabled at
� � 824 and � � 976 mV for the pure Al and Al-30 vol.%
B4C composite, respectively.

The poor corrosion performance for the Al-30 vol.% B4C
composite is also determined by the EIS results shown in
Fig. 7. As can be observed in the Nyquist plots (Fig. 7), the
pure Al presented a noble corrosion behavior with a larger
diameter of the semicircle when compared to the Al-30 vol.%
B4C composite. From these results, it is evident that introduc-
tion of B4C particles into Al matrix can break the continuity of
the protective Al oxide layer, increasing a possibility of blisters
on the composite surface.

Figure 8 shows the surface morphologies of the pure Al and
Al-30 vol.% B4C composite which are immersed into chloride-
containing solution. Uneven layers of corrosion products were
formed on the surface of the pure Al. In NaCl solution, the
corrosion reaction of Al can be described as follows (Ref 26):

4Alþ 3O2 þ 6H2O ! 4Al OHð Þ3 ðEq 2Þ

The corrosion product Al (OH)3may also undergo additional
reactions to form Al2O3:

4Al OHð Þ3! 2Al2O3 þ 6H2O ðEq 3Þ

It was found that the Al can react with other elements to
produce Al (OH)3 or Al2O3 according to the Eqs 2 and 3. It is
worth noting that the EDX examination on the selected spotsFig. 9 (a) OCP an (b) COF monitoring for pure Al and Al-30

vol.% B4C composite during the OCP tribocorrosion tests
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shown in Fig. 8 detected layers consisting of rich in Al oxides.
Chlorides were observed in the three spots (X, Y and Z), and
chloride and Al oxides were detected near the surface denoting
penetration of chlorine through the pure Al. It was noted that
the corrosion rate of the high purity Al samples with a range of
grain sizes, from � 100 to � 2000 lm, produced using
different processing routes tended to decrease with decreasing
grain size, in neutral NaCl solutions, that serves to decrease
corrosion rate through faster growth of a protective oxide (Ref
27). It is generally claimed that fine-grained Al alloys exhibit
improved resistance to pitting, decreased cathodic kinetics,
better results in mass-loss testing, and in some circumstances,
better resistance to stress corrosion cracking (SCC). A different
view, that corrosion rate increases or decreases as grain size
decreases for Al samples depending on whether grains were
equiaxed or columnar, has also been presented (Ref 28). Also
apparent from this work, however, is that chloride ions show a
strong attack to passive film, resulting in facilitating the
dissolution of the protective passive film in the pure Al. The
research of Durai et al. showed that the milling procedure
improves the composite corrosion resistance in passive condi-
tions (Ref 29). In this study, it has been found that the milled
Al-Zn/ Al2O3 composite offers higher corrosion resistance
compared to unmilled Al-Zn/ Al2O3 composite. The corrosion
behavior of MMCs depends on various factors like composi-
tions of the alloy used and the reinforcing particles, their size
and distribution in the matrix, and the nature of the interface

between the matrix and the reinforcement (Ref 26, 29). In the
present case, the Al-30 vol.% B4C composite were not attacked
by the pitting corrosion since there were no severe pits on the
composite surface as shown in Fig. 8. Besides, the presence of
blisters observed on the composite surface indicated that the
localized dissolution happened at the Al/B4C interfacing
beneath the oxide layer (Ref 10). The Al1100-16 vol.% B4C
composites fabricated by Han et al. (Ref 4) have showed the
higher corrosion rate owing to the B4C reinforced into Al
matrix than corresponding monolithic Al1100 alloy. These
observations indicate that addition of B4C particles to the
monolithic Al can reduce the corrosion resistance in NaCl
solution, which was reflected by the polarization and
impedance measurements.

The evolution of the OCP as a function of time before,
during and after the sliding motion is illustrated in Fig. 9 for the
pure Al and Al-30 vol.% B4C composite, along with their
corresponding COF values obtained during the OCP tribocor-
rosion tests. In the pure Al, when sliding started, OCP values
dropped down sharply (from � 740 to � 1310 mV), it means
that the native passive oxide film was damaged due to the shear
stress generated by the contact between the ball and the surface
under a test load of 5 N. Galvanic corrosion would occur due to
the differences in potential cathode/anode (Ref 30, 31).
Consequently, in the sliding track fresh active pure Al becomes
exposed to the solution, which causes the drop in the OCP (Ref
32–35). The pure Al showed low fluctuations in the OCP, but
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Fig. 10 3D view, low and high magnification FE-SEM photographs of the wear tracks of the pure Al and Al-30 vol.% B4C composite after the
OCP tribocorrosion tests. The arrows show partially oxidised wear debris emerged from the worn surface

Table 2 Tribocorrosion test results

B4C content, vol.% Optical density, a.u. Friction coefficient, COF Wear volume, mm3

0 1.87 ± 0.02 0.81 ± 0.05 1.48 ± 0.03
30 1.55 ± 0.01 0.63 ± 0.03 0.03 ± 0.01
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did not exhibit big local increments and decrements. Once the
sliding was stopped, the OCP progressively increased due to
the partially repassivation on the surface in the wear track and
did not reach the initial OCP. However, an opposite behavior
was observed for the Al-30 vol.% B4C composite. When
sliding started, instead of decreasing, the OCP slightly
increased to the positive direction abruptly and then fluctuated
around a characteristic value until the end of the friction test. At
the end of sliding, the OCP decreased from � 709 to � 730
mV. Initial OCP after immersion of the pure Al in the
electrolyte was more positive than in the case of composite with
30 vol.% B4C. However, the recorded OCP after the start of
sliding was higher for the Al-30 vol.% B4C composite
compared with the pure Al. Besides, the variation of COF of
pure Al and Al-30 vol.% B4C composite is shown in Fig. 9(b).
Friction coefficient of the Al-30 vol.% B4C composite started
off from a high value and decreased with sudden fluctuations at
certain time intervals (marked with circles). In contrast to the
Al-30 vol.% B4C composite, the pure Al reached a steady state
regime and showed a stable friction behavior. The COF was
high for the pure Al when compared with the Al-30 vol.% B4C
composite. The reduction in COF is the cause of the presence of
very hard B4C particles in Al matrix (Ref 36, 37) and
prevention of direct contact of soft Al matrix into Al2O3 ball.
The composite with 30 vol.% B4C was mainly in contact with
the Al2O3 ball due to the load bearing effect of the hard B4C
particles.

The FE-SEM micrographs of worn surfaces after tribocor-
rosion tests are shown in Fig. 10. In the case of pure Al, a wide
sliding track including excessive plastic plowing and cutting
was observed along the sliding direction (Fig. 10). This could
be attributed mainly to the plastic deformation by the abrading
action of the Al2O3 ball at high Hertzian contact pressures (562
MPa) under a test load of 5 N, that was higher than the yield
strength of the monolithic Al (approx. 167 MPa (Ref 35)). The
degree of surface damage in the wear track of the Al-30 vol.%
B4C composite was shown to be lower in comparison with the
worn surface of the pure Al (Fig. 10). Besides, due to the lower
hardness of the Al matrix than the B4C particles, partially
oxidized wear debris (marked with arrows) emerged from the
worn surface were kept between the B4C particles. Since the
wear debris were entrapped between the B4C particles, the
optical density obtained from the Al-30 vol.% B4C composite
in the tribocorrosion test solution was fewer as compared to the
pure Al (Table 2). In a tribocorrosion work by Toptan et al. (Ref
8), an increase on the OCP values of Al-B4C composites
fabricated through stir casting technique was occurred due to
the accumulated wear debris that acted as a protective layer was
reported. As sliding continued, when the Al2O3 ball met a
protruded B4C particle, abrupt fluctuations (marked with
circles) were recorded on the OCP and COF values as
illustrated in Fig. 9. When the Al2O3 ball slided against the
Al-30 vol.% B4C composite, almost circular scar was obvious
on the worn surface of Al2O3 ball (Fig. 11a). However, the
corrosion products developed on the worn track were trans-
ferred on the worn surface of the Al2O3 ball after sliding against
the pure Al (Fig. 11b). Therefore, the pure Al presented
relatively stable OCP and COF values against the variation of
the sliding time (Fig. 9).

4. Conclusion

In this paper, Al matrix composite with 30 vol.% B4C was
successfully prepared by a combination of mechanical milling
and hot-pressed sintering techniques. The following results are
obtained:

• Microstructural studies conducted on the composite with
30 vol.% B4C indicated that the distribution of B4C parti-
cles was reasonably uniform in the Al matrix while small
B4C particles ( £ 3.5 lm) tended to debond by interfacial
decohesion, resulting in micro-voids.

• When compared to the pure Al, the Knoop hardness of
the composite was namely about 18% higher due to the
dispersion of hard B4C particles.

• The composite with 30 vol.% B4C presented lower resis-
tance to corrosion as compared to the pure Al evidenced
by a decrease on the corrosion potential, an increase on
the corrosion current density and a smaller diameter of the
semicircle presented in the Nyquist diagram. The results
from the potentiodynamic polarization measurements
showed that pure Al corroded at 58% slower rate when
compared to the corrosion rate of Al-30 vol.% B4C com-
posite.

• The composite with 30 vol.% B4C exhibited a reduction
of up to 98% in the wear volume loss value as compared
to the pure Al, indicated a better resistance to wear in
3.5 wt.% NaCl solution.

Fig. 11 FE-SEM photographs of the Al2O3 balls sliding against (a)
Al-30 vol.% B4C composite and (b) pure Al

Journal of Materials Engineering and Performance Volume 30(12) December 2021—9147



• The Al-30 vol.% B4C composite showed a decrease in the
optical density and COF values along with an increase in
the OCP values throughout testing time compared to the
pure Al.
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