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The corrosion behaviour of squeeze-cast Al alloy (LM11) separately dispersed with 10 vol %
SiC fibres and SiC particles was investigated in 3% aqueous NaCl solution by general
corrosion as well as potentiodynamic polarization techniques. Erosion—corrosion tests were
also performed on the specimens in the solution. The base alloy was also subjected to
identical tests to examine the influence of the presence of SiC in the matrix. The base alloy
showed a lower corrosion rate than the composites. Furthermore, the alloy containing SiC
fibres showed a higher corrosion rate than the one with SiC particle dispersion. Erosion—
corrosion tests indicated that the rate of material loss followed a trend similar to that in other
corrosion tests. The material loss was significantly higher in the case of erosion—corrosion
tests. In addition to pitting and attack at the CuAl, precipitate-Al interface in the matrix,
dispersoid—-matrix interfacial attack by the corrosion medium was also observed in the case of
composites. On the other hand, erosion—corrosion revealed occasional partial removal of the
dispersoid due to the impingement of the electrolyte. The tendency of the dispersoid removal
by the impinging electrolyte was predominantly more in the case of the composites dispersed
with SiC fibres. Results are explained in terms of the interfacial bonding as well as the shape

of the dispersoid.

1. Introduction

'4;\1~SiC composites are emerging as potential mater-
ials for a variety of engineering applications such as
pistons in the automotive industry as well as compo-
nents such as track shoes, wheels and speed brakes in
tanks and aircraft because of their high strength-to-
weight ratio and good wear resistance characteristics
[1-4]. In recent years considerable interest has been
shown in using these composites in marine appli-
cations [5]. This requires the examination of the
corrosion properties of the composites under identical
environments to assess their performance for such
applications. The erosion—corrosion properties of the
composites become equally important in view of tidal
motion of the environment leading to premature fail-
ure of components.

It has been observed that 2024 Al alloy dispersed
with 20 vol % SiC showed a 40% higher corrosion
rate than the base alloy in 3% aqueous NaCl solution
[6]. Pitting was found to initiate at the dispersoid—
matrix interface [6]. Another investigation related to
polarization studies on 2024 Al-20 vol % SiC com-
posite in 0.1 M NaCl indicated a lower pitting poten-
tial of the composite than for the matrix alloy [7].
Corrosion studies of Al dispersed with SiC in various
forms (particulates, whiskers and continuous fibres)
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have also been carried out in tidal sea-water immer-
sion. Corrosion pits in this case were found to concen-
trate around SiC particulates, suggesting that crevices
formed at the matrix—dispersoid interface [8].

In view of the possible applications of Al alloy-SiC
composites in marine structures such as agitators,
impellers and those involving the pumping of fluids
[9], the corrosion behaviour of these composites in
3% NaCl solution undér normal immersion as well as
erosive—corrosive conditions was studied in the pre-
sent investigation. The base alloy was also subjected
to identical tests to observe the effects of SiC in the
matrix.

2. Experimental procedure

2.1. Composite preparation

Al-4.5Cu-0.12Fe (LM11) was used as the matrix alloy
for the preparation of the composites. Composites
consisting of random distributions of 10 vol % each of
silicon carbide (SiC) particles (size 15-30 um) and SiC
fibres (length 3 mm and diameter 10-15 pm) were
produced by the squeeze-casting technique {10]. In
brief, the process involves dispersion of dispersoid in
the melt followed by squeeze-casting in a die of appro-
priate size.
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2.2. Corrosion studies

The corrosion behaviour of the alloy and composites
was investigated in 3% NaCl solution in atmospheric
conditions using techniques such as general corrosion
(normal immersion), erosion-corrosion and potentio-
dynamic polarization. All of the test specimens were
metallographically polished according to standard
metallographic procedures before being subjected to
corrosion tests.

2.3. General corrosion

Specimens in the form of discs (diameter 15 mm and
thickness 6 mm) with a hole at the periphery were
suspended in a glass container containing 3% NaCl
solution. Specimens after the tests were taken out at
different time intervals, cleaned, dried and weighed in
a Mettler microbalance. Corrosion rates were deter-
mined by weight loss measurements.

2.4. Potentiodynamic polarization
Potentiodynamic polarization studies were carried
out using a microprocessor-based EG & G Princeton
Applied Research (PAR) electrochemical measure-
ment system. The polarization measurements were
obtained at a scan rate of 1 mVs ™! with reference to a
saturated calomel electrode (SCE). Each specimen was
allowed to reach a stable corrosion potential before
starting the polarization scanning.

2.5. Erosion—corrosion

Erosion—corrosion studies were performed using the
rotating-sample test method [11]. In this test disc-type
specimens (diameter 15 mm and thickness 6 mm) were
attached at the periphery of an acrylic disc at a radius
of 4cm and mounted axially on a non-conducting
spindle. The disc assembly containing the specimens
was rotated about its axis in a tank made of acrylic
sheet in 3% NaCl solution with the help of an electric
motor to give a linear speed of 1.25ms™*. Samples
after each cycle were cleaned, dried and weighed. A
cycle in this case consisted of normal dipping of the
specimens for 18 h in 3% NaCl followed by subjecting
them to a rotational speed corresponding to the above
linear velocity for 6 h in the same solution.

2.6. Metallography

Specimens were metallographically polished and
etched with Keller’s reagent for microstructural obser-
vations by scanning electron microscopy (SEM). Cor-
roded surfaces as well as their transverse sections were
also examined by SEM. The transverse sections were
cold-mounted in polyester resin, metallographically
polished and etched with Keller’s reagent. Before
SEM examinations the specimens were sputtered with
gold.

3. Results and discussion
Fig. 1a and b shows the microstructure of LM11-SiC

Figure 1 SEM micrographs of metallographically polished surfaces of LM11 alloy dispersed with (a and c) SiC particles and (b and d) SiC
fibres, showing (d) interfacial porosity in the case of the SiC fibre composite and (c) good bonding at the dispersoid-matrix interface in

LM 11-SiC particle composite.
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particle and LM11-SiC fibre composites, respectively,
revealing the uniform distribution of the dispersoid
phase. Good dispersoid—matrix interfacial bonding in
the case of the LM11-SiC particle composite (Fig. 1¢)
and interfacial porosity at the fibre-matrix interface
(Fig. 1d) were also observed.

Fig. 2 shows the general corrosion behaviour of the
base alloy and composites containing SiC in 3%
NaCl It is seen from the figure that the base alloy
showed the least weight loss, while the composite
dispersed with SiC fibres showed the most material
loss. The Al alloy-SiC particle composite showed a
weight loss intermediate between the two in the solu-
tion studied. The material loss of the base alloy as well
as composites was found to increase with increasing
duration of exposure (Fig. 2). Initially the loss was low
up to a certain duration, e.g. 8 and 4 days of exposure
in the case of the base alloy and the composites,
respectively. The rapid rise in material loss after the
specified duration of exposure was due to the incuba-
tion period required for the breaking of the oxide layer
by chloride ions [12]. The shorter incubation period
observed in the case of composites could be attributed
to the large number of interfaces due to the presence of
dispersoid which, in turn, facilitated the formation of
pits. Fig. 3 shows the corrosion rate (computed from
Fig. 2) of the Al alloy and composites as a function of
exposure time. The reduction in the rate of material
loss (Fig. 3) could be attributed to the retarding action
of the corrosion process by the accumulation of reac-
tion products such as AI(OH); on the specimen sur-
face [13]. Such products are formed when the solution
inside the corrosion pits is saturated with aluminium
cations. This lowers the pH of the solution in the pit,
leading to the formation of corrosion products [13].

Fig. 4 shows the weight loss of the base alloy and
composites with test duration resulting from the
erosion—corrosion test. The weight loss of the base
alloy as well as that of the composites increased with
the test duration. The trend in this case was similar to
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Figure 2 Weight loss as a function of time of exposure in 3% NaCl
solution in the general corrosion test: (O) LM11, (A) LM11-SiC
particles and ([J) LM 11-SiC fibres.
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Figure 3 Corrosion rate versus time of exposure in 3% NaCl
solution in the case of the general corrosion test: (O) LM11,
(A) LM11-SiC particles and () LM11-SiC fibres.
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Figure 4 Weight loss versus time of exposure in the case of the
erosion—corrosion test: {O) LM11, (A) LMI11-SiC particles and
(O) LM11-SiC fibres.

that observed in general corrosion (Fig. 2). The incu-
bation period was also reduced to 1 day in all cases
(Fig. 4), which was significantly less than that in the
case of general corrosion (8 and 4 days for the alloy
and composites, respectively; Fig. 2). The increase in
material loss in the erosion—corrosion test was found
to be 5-10 times higher than the corresponding weight
loss obtained in the general corrosion test. This was
due to continuous removal of the corrosion product
by the impingement of the electrolyte in the former
case.
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The erosion-corrosion rate of the base alloy and
composites with the time of exposure is shown in
Fig. 5. The rate was found to be maximum after 2
days of exposure in all cases. Four stages of the
erosion—corrosion rate, namely an incubation period
(stage I), accelerated erosion (stage II), deceleration
period (stage III) and a steady-state condition (stage
IV) [14], can be seen in the figure. During erosion the
metal surface develops a uniform undulation, leading
to the nucleation of smooth-edged pits. These pits
then grow into crater-like depressions the material of
whose lips is removed by ductile fracture [14]. Corro-
sive environments accelerate erosion by oxidation,
hydroxide formation and formation of micropits by
hydrogen evolution resulting in the weakening of the
metal [14]. The peak in Fig. 5 corresponds to the
appearance of the first deep crater leading to faster
rate of material removal [15]. However, entrapment
of gas bubbles in the crater reduces the extent of direct
contact of the medium with the metal surface, thereby
suppressing the erosion rate [15], corresponding to
stage III of the Figure. The steady-state erosion—
corrosion rate (stage IV) could be a result of the
counterbalancing effects of factors such as the forma-
tion of deeper craters leading to increased material
removal and the entrapment of air in the craters
causing a reduction in the weight loss.

Fig. 6 shows the potentiodynamic polarization
curves of the alloy and the composites. The corrosion
potential of LM11 alloy, LM11-SiC particle and
LM11-SiC fibre composites measured after 10 min
immersion in 3% NaCl solution were — 668.82,
— 656.17 and — 640.53 mV, respectively. This shows
a marginal shift in the corrosion potential of the base
alloy due to the presence of SiC and is attributed to
the non-conducting nature of the SiC [5]. However,
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Figure 5 Erosion—corrosion rate versus time of exposure, showing
four stages of erosion—corrosion, namely: I, incubation period;
II, acceleration; III, deceleration; and IV, steady state: (O) LMI11,
(A) LM11-8iC particles and (1) LM11-SiC fibres.
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Figure 6 Potentiodynamic polarization curves in 3% NaCl
solution. A,, Base alloy; 4,, alloy containing SiC particles; and Ay,
alloy dispersed with SiC fibre.

the corrosion current density for the base alloy dis-
persed with SiC fibres was found to be higher
(796 pAcm~2) than that of the one containing
SiC particles (473 pAcm™2) and the base alloy
(3.0 pA cm~?). Furthermore, no sharp pitting poten-
tial could be observed for the composites, whereas one
of — 600 mV was noted in case of the base alloy.This
was attributed to a greater passivation tendency of the
base alloy than that of the composites.

Fig. 7a to d shows the corroded surfaces of the base
alloy and composites after the erosion—corrosion test.
The interdendritic corrosion around the CuAl, pre-
cipitate of the base alloy can be seen in Fig. 7a. This
was due to the cathodic nature of the latter to the o-Al,
which provides a continuous corrosion path along the
precipitate [16]. Fig. 7a also shows a lower number of
pits of larger size. On the other hand, the composite
revealed relatively large number of pits of smaller size
(Fig. 7b and c). Fig. 7d shows a typical example of
protrusion of the dispersoid from the matrix as a result
of preferential matrix removal by the corrosive
medium. This was due to the availability of a large
interfacial area (owing to the presence of the
dispersoid-matrix interface in addition to CuAl, pre-
cipitate) on which corrosion pits could easily nucleate.
Fig. 7e is a SEM micrograph of a transverse section

“of the corroded surface, which reveals the interfacial

attack by the electrolyte. The silicon carbide-matrix
interface has been suggested to be a more-preferred
site for the breakdown of the passive film and the
formation of pits [5]. This explains the greater extent
of attack on the composite over the base alloy by the
electrolyte. With increasing time the electrolyte pene-
trated deeper at the interface and the matrix preferen-
tially corroded around the dispersoid. This caused
protrusion of the reinforcement (Fig. 7b to d). The
protruded phase detached itself from the matrix and
fell off when not in a position to be adequately sup-
ported by the matrix (Fig. 7b). This explains the
higher rate of material loss of the composites than the
base alloy. The higher [/d ratio, sharp tips and edges as
well as poor dispersoid matrix interface (Fig. 1d) fur-
ther enhanced the extent of attack by the electrolyte



and the removal of the dispersoid, ultimately leading
to a higher rate of material removal. These events were
more predominant in the case of fibre composite than
for particle composite, leading to a higher rate of
material loss of the former, It is observed that in the
case of composite containing SiC particles the
dispersoid -matrix interface was good and the edges of
the dispersoid were smoother.

4. Conclusions

The composite containing SiC fibres suffered from the
highest rate of material removal and the base alloy
showed the lowest rate in general corrosion as well as
erosion—corrosion tests. The weight loss was 5-10
times higher in the erosion—corrosion tests under the
conditions investigated. This was due to the greater
tendency of the protruded dispersoid phase as well as
other corrosion products towards removal from the
specimen surface by the impinging action of the elec-
trolyte.
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Figure 7 SEM of (a) the base alloy, (b) the alloy containing SiC
fibres and (c and d) the alloy reinforced with SiC particle after the
erosion—corrosion test. Dispersoid—matrix and CuAl,~Al interfacial
attack by the corrosive medium were the common features. Partial
removal of the fibres (b) and protrusion of the particles in the matrix
(c and d) may also be noted. A typical transverse section of the
particle composite (¢) shows the clear-cut formation of pits at the
dispersoid—matrix interface.

The presence of the dispersoid—matrix interface was
found to play a dominant role in enhancing the rate of
material loss of the composites. Moreover, the poor
interface as well as the sharp tips and higher aspect
ratio of the dispersoid of SiC fibre composite increased
the material loss further.

Addition of SiC in LM11 alloy did not show any
significant change in its corrosion potential, whereas
an appreciable change was noticed in the corrosion
current density of the same, indicating the non-
conducting nature of the dispersoid and higher rate of
material removal of the composites.

The reinforcement of SiC in LM11 alloy increased
the susceptibility of pitting at the dispersoid—matrix
interface. A higher number of smaller pits due to the
larger interfacial area available for easy nucleation of
the pits was observed in the case of the composites,
whereas the base alloy showed a smaller number of
large pits.
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