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Abstract

The use of aluminium based composite is becoming widespread in the industries where enhanced mechanical and improved
corrosion resistance properties are required. Microstructural analysis, hardness and corrosion properties of aluminium based
composites reinforced with particles of silicon carbide (SiC) and ferrotitanium (TiFe) were investigated. The composites were
produced using stir casting technique, with the dispersion of different weight percentages of single and dual reinforced particles
within the aluminium matrix. The microstructural evolution, microhardness and nanohardness properties of the as-cast specimens
were investigated. Electrochemical testing of specimens was carried out using potentiodynamic polarization and potentiostatic
techniques in 3.5 wt.% sodium chloride (NaCl) solution. The microstructural examinations conducted showed a homogeneous
dispersion of the SiC and TiFe reinforcements within the aluminium matrix. The hardness (micro and nano) properties of the
reinforced specimens were enhanced due factors which include effective load transfer mechanism between the reinforcements
and matrix, and an impediment to dislocation movement within the composite. The specimens reinforced with particles of 5%
SiC +2% TiFe and 5% SiC exhibited the most improved corrosion resistance from the potentiodynamic polarization and
potentiostatic tests conducted. This was confirmed by the surface analysis of corroded specimens carried out using a field
emission scanning electron microscope (FE-SEM). The formation of filiform structure on the surface of the unreinforced
aluminium alloy and several pits on the surface of the composites was attributed to the aggressive effect of the chloride ions
present in the test electrolyte.

Keywords Aluminium matrix composite - Ferrotitanium - Silicon carbide - Potentioststic - Potentiodynamic polarization -
Nanohardness

1 Introduction like bicycle frames, automobile drive shaft, cylinder block,

automotive pistons [2, 3].

Progressive research in the field of composite materials devel-
opment is required to match up with increasing demands for
properties such as low density, high strength, high hardness,
and improved corrosion resistance in the modern industries
[1]. Aluminium based composites that possess properties such
as high strength, excellent thermal conductivity, and good
damping is suitable for the fabrication of engineering parts
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Several fabricating techniques have been employed for the
development of metal matrix composites. The stir casting
technique has found extensive usage due to its cost-
effectiveness and simplicity, which makes it appropriate for
production in large quantities [4, 5]. In comparison with other
fabricating techniques such as additive manufacturing, pow-
der metallurgy, and compocasting. Stir casting is known for
promoting excellent bonding between the reinforcement par-
ticles and the matrix, thereby leading to improved mechanical
and corrosion properties of fabricated composites [6]. To
achieve a homogeneous dispersion of the reinforcement par-
ticles within the aluminium matrix, the wettability between the
aluminium and reinforcement particles must be adequately
optimized [7]. This can further enhance the use of these com-
posites for various applications in the engineering sector.
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Silicon carbide remains one of the most commonly used
reinforcements in the fabrication of aluminium based compos-
ites [8], due to its suitability for applications where low
strength to weight ratio and improved tribological properties
are required [9, 10]. The addition of magnesium during cast-
ing is also essential as it helps promote wettability between the
matrix and reinforcement particles, which results in excellent
bonding between the particles [11]. Ferrotitanium, which is
produced from low-grade titanium ingots through reduction
or melting process is used as additives for producing flux-
cored wire as well as the production of military aircraft and
stainless steel processing units due to their improved corrosion
and mechanical properties [12]. Ferrotitanium which is highly
reactive with elements such as oxygen, carbon, and nitrogen
has improved features, which include enhanced strength, low
density, and improved corrosion resistance [13]. The mechan-
ical properties of silicon carbide particles include thermal
shock resistance, high-temperature strength, and excellent
wear resistance [14].

The corrosion and hardness properties, among other engi-
neering properties of silicon carbide and ferrotitanium rein-
forced aluminium based composites fabricated by casting
technique, have been reported by different authors [15, 16].
These researchers stated that aluminium based composites are
susceptible to pitting corrosion in NaCl electrolyte due to the
initiation of pits at secondary phases present in the composite.
Rodriguez [17] described the formation of an interface be-
tween the aluminium matrix and reinforcement particles as
the weakest site in a composite. This, however, indicates that
the strength of the interfacial bond is essential in determining
the corrosion resistance of the composite.

Alaneme et al. [ 18] also reported on the microstructural and
mechanical behaviour of aluminium matrix reinforced with
silicon carbide and rice husk ash particles. The hardness and
tensile properties of fabricated composites were improved up-
on the addition of silicon carbide particles. However, the frac-
ture toughness of the composites was reportedly improved
with increased content of groundnut shell ash. A study on
the corrosion and mechanical behaviour of silicon carbide
and titanium carbide reinforced aluminium matrix composites
fabricated by stir casting technique was investigated by
Sambathkumar et al. [19].. The corrosion testing of specimen
performed in 3.5 wt.% NaCl showed that the corrosion resis-
tance of the composites was enhanced with an increase in
volume percentage of silicon carbide and titanium nitride re-
inforcements. The hardness and tensile properties of the com-
posites, when compared with the unreinforced aluminium al-
loy, were also reported to be improved.

Recent studies have shown that incorporation of a higher
proportion of silicon carbide reinforcement into the matrix of
aluminium would result in reduced mechanical properties of
the resulting composite through the formation of brittle alu-
minium carbide (Al4Cs) phase, thereby limiting its application
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in the engineering industries [20, 21]. Due to the little existing
literature on the microhardness, nanohardness and corrosion
studies of stir cast aluminium based composites reinforced
with particles of ferrotitanium and silicon carbide, this present
research is aimed at investigating the microhardness and
nanohardness properties of stir cast ferrotitanium and silicon
carbide aluminium matrix composites, and their corrosion re-
sistance in 3.5 wt% NaCl solution.

2 Materials and Method
2.1 Materials

Ingot of commercially pure aluminium (1000X series) sup-
plied by Insimbi alloys South Africa was used as the matrix.
At the same time, ferrotitanium (APS: 176 um) and silicon
carbide (APS: 7 pum) powders supplied by industrial analytical
were used as reinforcements. The chemical composition of the
aluminium ingot and starting powders are shown in Tables 1
and 2 respectively. Figure 1 presents the morphology of the
reinforcement particles as analysed with SEM. Figure la
shows irregular and pointed-edged particles of SiC particles.
A remarkable characteristic of SiC crystal structure is the
polytypic structure it exhibits, and this accounts for variation
in stoichiometric ordering in the arrangement of silicon and
carbon atoms [22]. The particles of ferrotitanium which ex-
hibits a rocky shaped as seen in Fig. 1b has been reported in a
study by Shah et al. [23] to contain a (3-Ti, «-Ti and FeTi
phases, with (3-Ti phase bring thermodynamically unstable
at ambient temperature. The presence of other non-
equilibrium phases may also exist in the particles due to vary-
ing processing conditions.

2.2 Method
2.2.1 Fabrication of Specimens

An electrical resistance furnace was used for melting the as-
received aluminium ingot at a temperature of 720 °C.
Ferrotitanium and silicon carbide powders were preheated at
a temperature of 300 °C in a muffle furnace to eliminate any
moisture present in the powders. The preheated powders and
1 g of magnesium were added to the melt of aluminium and
manual stirred for 10 mins to ensure proper dispersion of the
reinforcement particles in the aluminium matrix. Magnesium

Table 1 Elemental composition of as-received aluminium alloy

Element Si Fe Cu Mn Mg Al

% Composition ~ 0.15 034  0.05 0.01 0.06  Balance
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Table 2  Elemental composition of silicon carbide powder and ferrotitanium powders

Elements Al Fe Ba Mn Ca K Mg Cr Ni Si Ti
SiC 0.21 0.23 0.05 - 0.04 0.04 0.01 - 0.01 99.21 0.02
TiFe 0.36 56.55 - 0.07 0.03 - 0.09 0.03 0.11 0.56 41.67

was added to the melt to improve the wettability between
particles of the matrix and reinforcements. To ensure fluidity
of the molten metal, the die mould was preheated for 2 h. The
pictorial representation of the as-cast specimens and the di-
mension of the die mould are shown in Fig. 2a and b
respectively.

2.2.2 Evaluation of Microstructural and Hardness Properties

The specimens for microstructural examination were prepared
using standard metallography procedures, after which they
were examined on a ZEISS SIGMA VP Field Emission
Scanning Electron Microscope. The phase analysis was inves-
tigated using a PW 1710 Philips diffractometer, which is
equipped with a monochromatic Cu-K« radiation at 20 mA
and 40 kV. The hardness property of the specimens was de-
termined using a Falcon 500 microhardness tester. A load of
100 g with a dwell time of 10 s was maintained throughout the
test. A total of five points were indented across the matrix and
reinforcement phases as shown by the microscope attached to
the hardness tester, and the hardness value of each specimen
was obtained from the average values from each indent.
Nanohardness testing of specimens was performed on a
UNHT3 HTV Anton Paar Ultra nanoindenter, equipped with
a high precision Berkovich diamond indenter. A load of 50
mN was applied at a loading and unloading rate of 60 mN/
min, while the contact force and acquisition rate were main-
tained at 10 mN and 10 Hz, respectively. The nanohardness
value of each specimen was obtained from the average of the
values recorded from 10 indentations, at a spacing of 8 um.
Adequate spacing is essential to prevent work hardening on
the specimen surface [24]. The microhardness and

Fig. 1 SEM morphology of (a)
silicon carbide and (b)
ferrotitanium reinforcement
particles

nanohardness testing of the specimens were carried out in
accordance with ASTM E-92 and ISO 14577-1 standards,
respectively. The micro and nanohardness tests were conduct-
ed due to the slight variation observed between the
nanohardness and microhardness values recorded by the spec-
imens. During nanoindentation measurements, indents are
made at the centre of the grains, and the nanohardness value
is evaluated from the maximum area of indent, and maximum
force applied [25]. Conversely, the indented area on the spec-
imen is only considered after indentation during microhard-
ness measurement.

2.2.3 Corrosion Testing

Electrochemical measurements were carried using
potentiostatic and potentiodynamic polarization techniques
according to ASTM 94, using a Versastudio software on
VersaSTAT 4 electrochemical testing machine. This equip-
ment is equipped with a conventional three-electrode system
consisting of reference, counter, and working electrode
probes. The specimens used as working electrodes were pre-
pared by attaching a copper wire to one end of the sectioned
samples, after which they were cold mounted in epoxy resin.
The surface was prepared for the corrosion test by grinding the
surface of the specimen to 800 silicon carbide paper and
polishing with 6 pm suspension on an Aka Daran disc. A
graphite rod and silver/silver chloride (Ag/AgCl) electrode
were used as the counter and reference electrodes, respective-
ly. Potentiodynamic polarization measurement was carried
out at a scan rate of 0.2 mV/s starting from —1 V to 0.5 V.
In contrast, potentiostatic tests were carried out for 2 h, using
the value of corrosion potential from each specimen. A time
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Fig. 2 a Images of fabricated
specimens (b) engineering
drawing of die mould used for
casting
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per point of 0.5 was used for all the specimens. Electrolytes
were replaced after each scan, and tests were repeated three
times for reproducibility purposes. The corrosion rate of the
specimens was calculated according to Eq. 1 [26]. The surface
of the test specimens was examined using an FE-SEM to
determine the nature of pits formed after the corrosion tests.

0.00327 x Corr; X E,,
Cr= 5 (1)

Where Cg = Corrosion rate (mm/yr), 0.00327 = Corrosion rate
constant, Corr; = Corrosion current density, E,, = Equivalent
weight, s = Density.

3 Results and Discussion

3.1 Microstructural Characterization and Phase
Analysis of as-Cast Specimens

Figure 3a shows the SEM analysis of the as-cast aluminium
alloy and composites reinforced with varying proportions of
SiC and TiFe reinforcements. The presence of silicon parti-
cles, which is the major alloying element of the as-cast alu-
minium alloy is visible across the micrograph shown in
Fig.3a. Furthermore, Fig. 3b and c reveal the homogeneous
distribution of single particles of SiC and TiFe reinforcements
within the aluminium matrix. The even dispersion observed
can however, be ascribed to the adequate frictional force gen-
erated between the reinforcements and aluminium particles
during stirring [27]. A similar observation was also reported
in a study by Lin et al. [28] . Figure 3d and e shows the
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distribution 2% SiC +2% TiFe and 5% SiC and 5% TiFe
reinforcements in the aluminium alloy matrix. The clustering
of the reinforcement particles, as seen in the micrographs,
represents a clear interface between the aluminium matrix
and reinforcements [29]. It should be further noted that the
enhanced wettability between the reinforcement particles
and aluminium matrix would improve the interfacial bond
strength of the resulting composites [30, 31].

The XRD analysis of the binary and ternary reinforced
composite systems is presented in Fig. 4a and b, respectively.
The miller indices at which different peaks are formed due to
the dispersion of SiC and TiFe particles within the aluminium
matrix as identified by the analysis carried out on X’pert
Highscore software is given as (110), (200), (220), (311) and
(222). The software further reveals that the atomic arrange-
ment of the composite is represented as a hexagonal closed
packed system. Some of the phases formed in the binary com-
posite system (Fig. 4a) include AlTi, AlgSi, Aly sFe;Sig s and
Al FeSi, while the phases of Al;SiO4,, AlgSigMgsFe, and
Fe7.Al4Si are dominant in the ternary system composites
(Fig. 4b). However, it noteworthy that the cubic arrangement
of the formed phases is sufficient to confirm the polycrystal-
line structure of the composites. A similar observation was
reported in a recent study by Albiter et al. [32]

3.2 Hardness Properties of Aluminium Alloy and
Composites

The microhardness values obtained for the fabricated alumin-
ium alloy and composites are presented in Fig. 5. The highest
hardness value of 35.8 HV was seen in the specimen with
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Fig. 3 SEM examination of (a)
Alalloy (b) Al+2% SiC (c) Al +
2% TiFe (d) Al+2% SiC +2%
TiFe (e) Al+ 5% SiC +5% TiFe

5 wt.% SiC reinforcement, while as-cast aluminium alloy re-
corded the lowest value of 25 HV. The improvement in hard-
ness observed in reinforced specimens can be ascribed to
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Fig. 4 Phase analysis of as-cast aluminium alloy and composites

microstructural refinement caused by the incorporation of re-
inforcement particles into the aluminium alloy matrix. The
homogeneous dispersion of TiFe and SiC particles within

(b)

*(111)
(200)
<(220)
»>(311)
(222)

Al+ 5%SiC+ 5%TiFe

Al+ 5%SiC+ 2%TiFe

Al+ 2%SiC+ 5%TiFe

Intensity AU

Al+ 2%SiC+ 2%TiFe

Al alloy

40 50 60 70 80
20

@ Springer



2226

Silicon (2021) 13:2221-2232

35+

W
o
[

Hardness (HV )
N
i

Fig. 5 Hardness plot for fabricated aluminium composite systems

the matrix hinders the movement of dislocation, thereby
disrupting the dislocation paths as they continue to bend and
enclose the particles present in the matrix completely before
the dislocation motion continues. This process is referred to as
the Orowan strengthening mechanism [33]. However, the
presence of the enclosed particles leads to increased disloca-
tion density of composites when compared to the as-cast alu-
minium alloy. Moreover, the formation of extra dislocations
within the composite can be as a result of differential defor-
mation and thermal mismatch between the reinforcement par-
ticles and aluminium alloy matrix. A similar observation was
reported in an investigation by Casati and Vedani [34].
Strengthening by the coefficient of thermal expansion mis-
match is caused by the formation of dislocation accommodat-
ed by the mismatch between the matrix and reinforcement
particles during cooling. The coefficient of thermal expansion
can, therefore, be calculated using Eq. 2.

AUCTE = BMsb\/DCTE (2)

Where B =1.25, M, =shear modulus of matrix, b =Burgers
dislocation vector and D™ = dislocation density.

However, Ms. and D™ can be calculated using Eqs. 3 and
4.
E
My=_——"_ 3
T2+ V) 3)
and

D = g Aa ATV,
bd, (I_Vp)

(4)

Where E, = young modulus, V = Poisson’s ratio, A« = differ-
ence in coefficient of thermal expansion between matrix and
reinforcements, ‘a’ = constant value of 12, AT = difference
between room and pouring temperature, V, = volume fraction
and d, = average particle size.
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Furthermore, the thermal contraction difference be-
tween reinforcement particles and aluminium matrix can
result in a hardening effect [27, 35]. The Hall-Petch rela-
tionship describes the hardness property of aluminium
based composites based on grain size effect [36]. The grain
size of fabricated composites is, however, smaller com-
pared to that of aluminium alloy matrix as a result of the
refinement of reinforcement grain particles. This leads to
an appreciable increase in the hardness property of the
fabricated composites. The relationship between the aver-
age grain size of composites and Hall Petch coefficient is
represented by Eq. 5.

AUHP = KA(GiO'S) (5)

Where K =Hall-Petch Coefficient and G =average grain
size.

Further, an increase in weight percentage of SiC and
TiFe reinforcements can reduce the inter-particle distance
within the composite, thereby resulting in an increase in
the stress required for dislocation movement between the
particles [37, 38]. The dispersion of both SiC and TiFe
reinforcements in varying proportions within the alumini-
um matrix is also seen to improve the hardness property of
the resulting composites. However, a decrease in hardness
value was further observed in composites reinforced with a
higher proportion of SiC (5% SiC +2% TiFe and 5% SiC
+5% TiFe) due to the formation of brittle intermetallic
phases which resulted from the interaction between the
reinforcement and the aluminium matrix particles [39,
40]. Most of the loads are therefore assumed to be borne
by the interphase formed between the aluminium alloy ma-
trix and the TiFe reinforcement particles. The hardness
values of fabricated aluminium alloy and composites are
also presented in Table 3.

Figure 6 shows the plot of nanohardness values for the as-
cast specimens. The nanohardness property of all reinforced
composites is observed to be enhanced when compared with
the unreinforced aluminium alloy. The composite reinforced
with 5% SiC recorded a nanohardness value of 1458 MPa,
while the least value of 460 MPa was recorded by the unrein-
forced aluminium specimen. The improved nanohardness
properties evident in the reinforced composites can be as a
result of an impediment to both dislocation movement and
plastic deformation within the composites due to the presence
of SiC and TiFe reinforcement particles [13, 41]. Further, the
outstanding nanohardness value observed in the composite
reinforced with 5% SiC reinforcement can be attributed to
the formation of secondary carbide phase (aluminium carbide)
due to the interaction between the aluminium and silicon car-
bide. This carbide helps in improving the mechanical proper-
ties of composites.
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Table 3 Corrosion rate and Tafel properties of specimens in NaCl electrolyte
Specimen Corrosion current density (pLA) Corrosion potential (V) Cathodic slope, Anodic slope, Corrosion rate
Be (V/Dec) Ba (V/Dec) (mm/yr)

Al 289.15 -1.05 0.23 0.23 3.15
Al+2%SiC 5.83 —0.68 0.31 0.31 0.06
Al+2%TiFe 208.34 -1.01 0.24 0.24 227
Al+2%SiC+2%TiFe 87.45 —0.98 0.18 0.18 0.95
Al+2%SiC+5%TiFe 0.51 —0.23 0.19 0.11 0.01
Al+5%SiC+2%TiFe 1.93 —0.39 0.042 0.34 0.02
Al+5%TiFe 75.13 —0.92 0.34 0.34 0.82

Al + 5%SiC 3.28 —0.66 0 0.58 0.41
Al+5%SiC+5%TiFe 405.45 -1.07 0.23 0.23 442

3.3 Potentiodynamic Polarization

Figure 7 shows the polarization plots for single-particle rein-
forced aluminium composites in 3.5 wt.% NaCl, with all the
curves showing similar passivation characteristics and polari-
zation trend. Further observations show that the presence of
chloride ions in the electrolyte dissolves the passive layers
formed on the specimen surface, thereby resulting in the an-
odic dissolution of the composites. The highest corrosion rate
of 3.15 mm/yr recorded by the unreinforced aluminium alloy
can be as a result of the galvanic coupling between the
alloying elements and the aluminium matrix, leading to the
rapid dissolution of the alloy in the electrolyte, accompanied
by a positive shift in current density. However, improved cor-
rosion resistance observed in the specimen with 5% SiC rein-
forcement (corrosion rate of 0.41 mm/yr) can be attributed to
the anodic inhibition effect of SiC particles. The negative shift
in potential values of —0.68 V and—0.92 V seen in
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Fig. 6 Nanohardness plot for fabricated aluminium composite systems

composites reinforced with 2% SiC and 5% TiFe particles
respectively, shows the cathodic inhibition of hydrogen evo-
lution and oxygen reduction at the surface of Al/SiC and Al/
TiFe interfaces [42]. This improved corrosion resistance ob-
served in the reinforced composites can also be attributed to
the formation of chloride oxide complexes formed on the sur-
face of the composites, due to oxygen reduction. Moreover,
the passivation behaviour observed in all specimens is also a
confirmation of chloride ions complexes, which leads to a
break down of formed oxide films after the displacement of
oxygen from the transpassive region of the curve [43].
Aluminium alloys are known for their ability to resist cor-
rosion attack in aggressive environments, due to their ability
to form protective oxide layers. These oxide films act as a
kinetic barrier that prevents the oxidation of the underlying
reactive metal in a process called passivation. The formed
passive film becomes unstable and degrades locally in the
chloride environment, resulting in rupturing of films and lo-
calized corrosion. This form of corrosion occurs according to
the following mechanisms in chloride environment: (i) ion

O’Gj Al alloy

0.4 Al + 2 wt% SiC
< Al + 2 wt% TiFe
=0,2- Al + 5 wt% TiFe
Q Al + 5 wt% SiC
< 0,01
>
<-0,2
[72]
20,4
o
©-0,6 -
8
20,8

1,0

1E-7 1E-5 1E-3 0,1

Current density (Alcmz)

Fig. 7 Potentiodynamic polarization curves for aluminium alloy and
single particle reinforced composite
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Fig. 8 Potentiodynamic polarization curves for aluminium alloy and dual
particle reinforced composite systems

migration/penetration of oxide (ii) displacement of ions
resulting in thinning of oxides (iii) rupturing and repair of
oxide layers.

The polarization curves for unreinforced aluminium alloy
and the dual particle reinforced aluminium composites are
presented in Fig. 8. As a result of the corrosive nature of the
electrolyte, the deterioration observed on the surface of the
specimen with 5% SiC +5% TiFe reinforcement was severe
as it records a corrosion rate of 4.42 mm/yr. However, the
corrosion potential (Ecorr) values determine the thermody-
namic stability and tendency of the reinforced composites to
corrode in the aggressive chloride electrolyte. The Ecorr value
of —0.23 V recorded by the specimen reinforced with 2% SiC

Corrosion Rate (mm/yr)

> 3 o o o
T N8 & & & 6
S L g g g F L g
T e @ ¢ ¥ v @9

N . N

A 5 < <

Fig. 9 Plot of corrosion rate for fabricated aluminium alloy and
composites
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Fig. 10 Potentiostatic curves for single particle reinforced aluminium
composite

+5% TiFe particles is observed to be more electronegative due
to a reduction in the selective adsorption of the chloride anions
on the surface of formed passive oxide layers. The enhanced
corrosion resistance exhibited by composites with 2% SiC
+5% TiFe reinforcements and 5% SiC +2% TiFe reinforce-
ments further confirms the formation of passive layers across
the surface of the specimens, due to the reduction reaction of
oxygen atoms [44]. Also, the overall improved corrosion re-
sistance in silicon carbide reinforced composites confirms the
effect of SiC particles addition on the corrosion resistance of
the aluminium alloy, as this affects the stability of the formed
oxide layers in the chloride media. Mayyas et al. [45], how-
ever, gave a similar report on the effect of SiC addition on the
corrosion behaviour of aluminium matrix composites. The
polarization data and the corrosion rates for all specimens
are further presented in Table 3. The table illustrates the de-
structive action of the chloride ions on the aluminium alloy
and composites as a result of the synergistic effect which
occurred between the matrix and the reinforcements at the
interfacial layers during redox electrochemical process [46].
The plot of corrosion rates for the as-cast aluminium alloy and
reinforced composites is shown in Fig. 9.
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Fig. 11 Potentiostatic curves for aluminium alloy and dual particle
reinforced composite systems
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3.4 Potentiostatic Polarization

Potentiostatic tests were further conducted on the specimens
to have an additional understanding of the corrosion process.
This test is carried out by monitoring the change in current at a
constant corrosion potential E.,. Potentiostatic tests were
conducted for 2 h using the E., values obtained from open
circuit potential tests [47]. Figure 10 shows the potentiostatic
curves for unreinforced aluminium alloy and single reinforced
aluminium matrix composites. Upon the application of corro-
sion potential of —0.71 V to the unreinforced aluminium alloy,
a sporadic rise in current density from 0 A to 1.4 x 10* A is
observed, after which steady oscillations were evident till the
end of the test. These oscillations can be ascribed to the insta-
bility of the passive layer formed on the surface of the speci-
men. However, minor fluctuations at lower current densities

Fig. 12 Surface morphology of
(a) aluminium alloy (b) Al+
2%SiC (¢) Al+2%TiFe (d) Al +
5%SiC after exposure to
corrosive medium

seen in specimens with 5% SiC and 5%TiFe reinforcement
shows that the surface of the specimen is adequately coated
with passive layers in the electrolyte [48]. The slight increase
in current density seen in composite reinforced with 2% TiFe
can be ascribed to partial removal of formed oxide layer dur-
ing the test. The stable curve observed in composite with 2%
SiC reinforcement indicates that the occurrence of galvanic
coupling between the aluminium matrix and reinforcement
is less significant, thereby leading to the improved corrosion
resistance of the specimen [49].

Figure 11 shows the plot of current density against time for
the dual particle reinforced composite systems. An increase in
current density with increasing time was observed in compos-
ite reinforced with 2% SiC +5% TiFe particles. Conversely,
the steady current density after the first 300 s seen in compos-
ites reinforced with 2% SiC +2% TiFe and 5% SiC +5% TiFe
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shows the growth of metastable pit initiated on the surface of
the specimen [50]. Metastable pits are known to initiate and
grow for a while before the material repassivates [51].
However, the current density of composites with 2% SiC
+5% TiFe and 5% SiC +2%TiFe reinforcements were seen
to be more stabilized from start to the end of the test. This
connotes the formation of a passive layer on the specimen
surface. The slight increase in fluctuations observed after the
first 200 s in composite with 5% of SiC +5% TiFe can further
be attributed to the initiation of the oxygen evolution reaction.
The current density response is mainly a function of factors
such as oxygen evolution process, passive layer formation,
and passive layer dissolution.

3.5 Microstructural Analysis of Substrates

Figure 12 shows the SEM morphology of the specimens
after the potentiodynamic polarization test in the chlo-
ride electrolyte. Figure 12a presents the dissolution of
aluminium alloy in the electrolyte with evidence of pit
formation on several sites along the grain boundaries.
The corrosion reaction, which was initiated at different
pitting sites was also observed to spread across the sur-
face of the specimen. The SEM morphology of the cor-
roded surface of the aluminium alloy, it is seen to ex-
hibit a filiform type of corrosion which is often charac-
terized by fine thread-like filaments emerging from sev-
eral sites in different directions [52]. The distribution of
pits across the surface of composite with 2% SiC rein-
forcement shown in Fig. 12b is observed to be lesser,
thereby resulting in a reduced corrosion rate, which

Fig. 13 Surface morphology of
(a) Al+2%SiC+2%TiFe (b)
Al+5%SiC+5%TiFe composites
after exposure to corrosive
medium

Signal A = SE2
Mag= 500X

Date :18 Jun 2019
Time 12:1947

could be ascribed to the formation of an intermediate
phase between the SiC reinforcement particles and the
aluminium matrix [53]. This intermediate phase im-
proves the corrosion resistance of the composite by
preventing the formation of more pits across the surface
of the composite. Figure 12c presents the deteriorated
surface of the composite with 2% TiFe reinforcement,
resulting from the weakening effect of the chloride an-
ions present in the test electrolyte, which further causes
the discharge of metal ions in the electrolyte.
Figure 12d shows the surface of the specimen rein-
forced with 5% SiC. The improved corrosion resistance
seen in this specimen can be ascribed to the lesser for-
mation of pits in areas with defects such as inclusions
and pores. These pits are often formed from the chem-
ical interaction and adsorption between the chloride an-
ions present in the electrolyte, and the passive oxide
layers formed around the defects [54].

Figure 13a shows that the dispersion of different propor-
tions of SiC and TiFe reinforcements within the matrix of
aluminium can reduce the attack of the chloride ions on the
surface of the resulting ternary aluminium-based composites.
Figure 13b shows the aggressive effect of the chloride ions as
they penetrate through the weaker points and breakages pres-
ent on the formed passive oxide fills, thereby resulting in
deterioration of the specimen surface. This is also an indica-
tion that excessive distribution of the reinforcement particles
within the matrix of the aluminium alloy can lead to rapid
deterioration of the resulting composite due to increased gal-
vanic corrosion between the matrix and the reinforcements
[55, 56].
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4 Conclusion

The microstructural properties, hardness (micro and nano),
and corrosion properties of SiC and TiFe reinforced alumini-
um matrix composites fabricated by stir casting technique
were investigated. The effectiveness pf the stir casting tech-
nique was confirmed in this study as particles of SiC and TiFe
reinforcements were confirmed to be homogeneously dis-
persed within the matrix of aluminium alloy by the SEM
and XRD analysis. The improved microhardness recorded in
the reinforced composites was ascribed to mechanisms such
as Orowan strengthening and thermal expansion coefficient.
The nanohardness property of the reinforced composite was
also enhanced due to impediment to dislocation movement
due to the presence of SiC and TiFe reinforcement particles
in the composite. Further, the addition of these reinforcements
also increased the rate at which oxide layers are formed on the
surface of the composites, thereby improving their corrosion
resistance. The least corrosion resistance was seen in the un-
reinforced aluminium specimen due to its increase in current
density in the chloride electrolyte. The SEM analysis of the
surface of the specimens after corrosion showed that the cor-
rosion resistance of the specimens reinforced with 5% SiC
+2% TiFe and 5% SiC particles respectively was more
enhanced.
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