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INTRODUCTION

Al-Si-Mg alloys are commonly used in the auto-
motive industry, especially for cylinder blocks, pis-
ton inert rings, valve filters. The principal reasons
for the usage of Al-Si-Mg alloys are their high wear
resistance, low density, good corrosion resistance and
improved elevated temperature properties[1-3]. Alu-
minum based metal matrix composites(AMMCs) re-
inforced with ceramic particulates are the most com-
mon and the cheapest materials using for engineer-
ing applications principally in the defensive and aero-
space industries[4-5].

Porosities are one of the most important of main
obstacles to the production of stir-casting compos-
ites[6-8]. It is well known that the presence of porosi-
ties in the final structure has a negative effect on the
usability of the MMCs because they cause a signifi-
cant reduction in the mechanical properties such as
fracture or fatigue strength of the composites[9]. In
generally, fatigue behavior of the composite is re-
lated to crack initiation and growth mechanisms[10].
The porosities act as fracture starting points in the
cast microstructure. Moreover, there are heterog-
enous stress distributions around the porosities.
These porosities may have formed mainly in two
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KEYWORDSABSTRACT
The corrosion mechanisms of the clusters and gas porosities in AlSiMg
based metal matrix composites(MMCs) reinforced with SiC particles were
determined by SEM observations in deaerated 3.5 wt.% NaCl aqueous
solutions. It was found that the composites shown severe pitting behav-
iors which could be due to the presence of aggressive Cl ions in the
solution. In addition, SEM observations revealed that corrosion prefer-
entially started around of cluster and gas porosities and these observa-
tions were correlated with the dissolution mechanisms of aluminium. 
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ways: (a) due to the aggregation of the pushed rein-
forcement particles by the matrix dendrites during so-
lidification which is called �clusters�, (b) due to the
diffusion of hydrogen gas in to the molten metal which
is called �gas voids�[6, 11-12]. According to Throwsdale et
al.[13], a significant contribution to the increased pit-
ting susceptibility arises from the presence of voids
and crevices at the reinforcement/matrix interface and
relatively large voids created by stretch could act as
fine crevices, thus altering the normal pitting
behaviour of the composites. It is well known that
during the fabrication of particle reinforced MMCs,
reinforcements may crack or break into pieces and in
the case of the potential of composite exceed E

pit
,

pitting may form and grow at these cracks[12-14]. In ad-
dition, areas which have different potentials may in-
crease and when the potential exceed E

corr
 value, these

areas may act as pit nucleation sites[15-16]. Similar re-
sults were also obtained in our previous studies[14, 17]

and were in agreement with depictions observed by
Turnbull[18].

The determination of the corrosion behaviour
of composites is based on the knowledge of the re-
lationship between the microstructure and its mac-
roscopic response. This can be achieved by the de-
termination of the corrosion phenomenon of the
porosities. However, only a few investigations about
the porosity effect on the corrosion behavior of alu-
minium MMCs have been reported. Therefore, pre-
liminary results on the activity of the porosities dur-
ing the corrosion tests of Al-Si-Mg/SiCp

 composites
are reported in this study.

EXPERIMENTAL

Al-Si-Mg alloy was used as the matrix alloy with
the following composition in wt%: 7.0Si, 0.7Mg, bal-
ance Al. The matrix alloy was reinforced with 10
and 20% vol. of SiC particles by using the stir-cast-
ing technique. Firstly, in order to prevent the forma-

tion of Al
4
C

3
, the surface of SiC particles were oxi-

dized at 9000C before added into the semi-solid ma-
trix alloy. Thus, the surface of SiC particles was coated
with a thin silicon-dioxide(SiO

2
) layer before casting.

Then, SiC particles added into the semi-solid matrix
alloy at 6000C. An argon atmosphere was maintained
over the melting to reduce the oxidation. Secondly,
hot extrusion of the compocast ingots was carried out
at an extrusion ratio of 10:1. Finally, samples were
artificially aged(T6) at 1500C. The details of produc-
tion method and T6 heat treatment were described in
the previous study[19].

The effect of the porosities on corrosion behav-
ior was examined using the potentiodynamic polar-
ization technique. All electrochemical measurements
were carried out in 3.5% wt. NaCl aqueous solution
at room temperature in a pyrex glass cell and pro-
ceeded according to ASTM standard(G5-94)[20]. The
potentiodynamic polarization curves were obtained
by using an AgCl/Ag reference electrode and a Pt
counter-electrode. The exposed area of the samples
was about 1cm2. The potential was controlled with a
Wenking PGS95 potentiostat(BANK). After polar-
ization tests, the specimens were cleaned mechani-
cally and ultrasonically for metallographic observa-
tions. The SEM observations carried out by using
Jeol 6400 scanning electron microscope(SEM).

RESULTS AND DISCUSSION

The chemical composition of the matrix alloy
used in the present study is given in TABLE 1. Re-
inforcement distribution was non-homogenous in the
composites and including diverse porosities. Typical
porosities in the microstructure of the composites
are shown in figure 1. Clusters and voids can be seen
in the microstructures. Meanwhile, the formation of
the type porosities is inevitable when the compos-
ites produced by stir-casting technique.

Overall porosity contents of unreinforced ma-
trix alloy and composites are given in TABLE 2. The
details of the porosity measurement are given in the
previous study[8].

It can be said that, locally decomposed cathode-
anode zone trigger the corrosion mechanism for clus-
ter type porosities. Noble components gathered due

 Composition (%) 

Material Si Mg Cu Mn Ni Zn Fe Al 

Matrix 
Alloy 

6.62 0.67 0.013 0.027 0.008 0.08 0.298 Bal. 

TABLE  1 : Chemical composition of the matrix al-
loy used in the present study
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to clustering, increase the ratio of local cathode area
at the region where these types of porosities are ex-
ist. As a result, the small anode/big cathode corro-
sion mechanism occurs which is the most detrimen-
tal and where the pits extend in depth[21-23]. This pro-
cess takes progress quickly and continues until the
reinforcements ejected from the matrix. The follow-
ing reactions take part in this process;

Al   Al3+ + 3e- (1)
Al3+ + 3H

2
O  Al(OH)

3
 + 3H+ (2)

After oxidizing of Al3+ ions according to reac-
tion 1 and 2, it will react with Cl- ions and transform
to aluminum chloride according to reactions 3, 4 and
5. This may cause an increase in the solubility of the
thin oxide film[24-25].
Al(OH)

3
 + Cl-  AlCl(OH)

2
 + OH- (3)

AlCl(OH)
2
 + Cl-  AlCl

2
OH + OH- (4)

AlCl
2
OH + Cl-  Al3+ + 3Cl- + OH- (5)

As a result of an increase in the ion concentra-
tion; (a) the solubility of passivity accelerator O

2
 will

decrease, (b) the interior cluster pH will decrease

compared to the solution pH, (c) interior cluster po-
tential will anodize as a result of a decrease to nega-
tive values compared to the matrix potential, (d) the
increase in the positive ions exist in the cluster and
the H+ ions will cause to form preferential areas to
Cl- ions exits in the solution and results in diffusion
of the Cl- ions to the clusters. And this brings into
existence an effect of increase in the corrosion of
aluminum[15-16, 24, 26-27].

The absent of low resistant ascent areas of the
electrons formed in consequence of dissolution at the
surface and an increase in H+ ion concentration in the
cluster will cause the cluster act as an anode and cath-
ode. The bottom parts of the clusters, where the low-
est oxygen concentration and highest positive charge
and acidity are exist, will anodize. Because of the near-
ness of the cathode areas, where H

2
 leaves out (H++e-

 ½H
2
)[24-25, 28], to the bottom parts the interior clus-

ter pH will increase from bottom to the upper part.
As a result, while Al3+ ions increase at the bottom
parts of the cluster, the oxidation tendency increases
at the upper parts which have high pH values. Thus,
while the cluster begins to close, the diffusion of Cl-

ions decreases (Figure 2).
Consequently, the oxide film at the surface pre-

vents the O
2
 entrance and the corrosion rate will de-

celerate or even stop with the ascent of H
2
. The high

positive charge concentration at the parts of the cov-
ered cluster will attract the Cl- ions and thus the Cl-

ion concentration in the oxide film will increase com-
pared to other areas. Thus, these areas exhibit lo-
cally higher solubility of the oxide film and surface
conductivity. In other words, the cluster may re-ac-
tivate at any moment. At the advanced stage of the
corrosion, before the cluster closed temporary, if
another particle comes out, the corrosion continues
around these particles (Figure 3a). Because, SiC is a

Figure 1: Clusters and voids in the microstruc-
ture of (a-b) matrix alloy, (c-d) 10% vol. SiC

p
 com-

posite, (e-f) 20% vol. SiC
p
 composite

TABLE 2. Porosity values of the matrix alloy and
composites in as-cast and extruded conditions

Porosity (vol. %) 
Materials 

As-cast Extruded 

Matrix Alloy 1,35 1,09 

Al10% SiCp 4,70 1,26 

Al20% SiCp 13,86 1,89 

Figure 2: Closure steps of cluster: (a) beginning
of closure, (b) finish of closure
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noble material and will not undergo corrosion(Figure
3.b)[12, 15]. Thus, localized corrosion in Al matrix alloy
progresses quickly and in-depth. This type of corro-
sion known as �pitting� and even it cause less mate-
rial loss, it may damage the construction. As a re-
sult, this kind of constitutions may affect the nor-
mal pitting corrosion behavior of the material.

It has been shown[13] that the corrosion resistance
will decrease with increasing the porosity ratio. Thus,
while pressureless casting methods are used to pro-
duce MMCs, it is important to use secondary processes
such as extrusion in order to eliminate the porosity.
However, as expected these secondary processes will
affect the corrosion behaviour of the composites. Fig-
ure 4a, demonstrates the effect of extrusion on the
microstructure and reinforcement distribution, and
figure 4b, the corrosion developed around the cluster
porosities after the extrusion process.

Figure 5(a-b) demonstrates the nucleation of pits
around the gas porosity in Al-Si-Mg matrix alloy
which has been exposed to a potential over the cor-
rosion potential.

Gas porosities existing on the metal surface are
areas where electrolyte is stagnating and make the
oxygen transfer difficult. As a result, these areas will
act as anode and surroundings of the porosities will
act as cathode[12]. When the matrix was polarized in-

deed anodically the Ecorr potential, performed SEM
examinations confirmed the presence of pits on the
surface at this potential(Figure 6a). By increasing the
potential, these porosities filled with corrosion prod-
ucts and passivity the upper surface(Figure 6b).

High positive charge concentration at the parts
of the covered porosity attracts Cl- ions and Cl- ion
concentration in the oxide film increase compared
to other areas. Thus, these areas exhibit locally higher
solubility of the oxide film and surface conductivity.
Consequently, porosities act as preferential corrosion
areas. Also, under these corrosion products, due to
the absent of sufficient oxygen the corrosion con-
tinues[22-24, 28].

CONCLUSIONS

SEM observations show that the porosity sig-
nificantly affects the corrosion behavior of Al-Si-
Mg/SiCp composites in 3.5% wt. NaCl solution. It
can be seen that, locally decomposed cathode-an-
ode zone trigger the corrosion mechanism for clus-
ter type porosities. In addition, due to SiC is a noble
material and will not undergo corrosion, localized
corrosion in Al matrix alloy progresses quickly and

Figure 3: Preferentially corrosion process pro-
gressed around SiC particle

Figure 5: Micrographs of matrix: (a) Before cor-
rosion test and (b) Nucleated pits around of po-
rosity that exposed potential just above E

corr
 po-

tential

Figure 6: Gas porosity corrosion (a) At Ecorr po-
tential, and (b) Above Ecorr potential

Figure 4: (a) The effect of extrusion on porosity,
(b) The corrosion effect on the extruded porosities
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in-depth. Gas porosities exist on the metal surface
are areas where the electrolyte is stagnating and cause
the oxygen transfer difficult. As a result, these areas
act as anode and surroundings of the porosities act
as cathode.

ACKNOWLEDGMENTS

This research was financed by Ataturk University
under BAP 2005/14 in Turkey. The authors would
like to thank Dr. Ferhat Bulbul for contribution.

REFERENCES

[1] P.N.Bindumadhavan, T.K.Chia, M.Chandrasekaran,
H.K.Wah, L.N.Lam, O.Prabhakar; Mat.Sci.Eng.,A
315, 217 (2001).

[2] C.Tekmen, U.Cocen; J.Mater.Sci.Lett., 22, 1247 (2003).
[3] M.D.Salvador, V.Amigó, N.Martinez, D.J.Busquets;

J.Mater.Process.Tech., 143-144, 605 (2003).
[4] M.D.Huda, M.S.J.Hashmi, M.A.El-Baradie; Key Eng.

Mater., 37, 104 (1995).
[5] D.J.Lloyd; Compos.Sci.Technol., 35, 159 (1989).
[6] J.Segurado, C.Gonzalez, J.Llorca; Acta,Mater, 51,

2355 (2003).
[7] M.Gui, S.B.Kang, J.M.Lee; Mat.Sci.Eng., A293, 146

(2000).
[8] C.Tekmen, I.Ozdemir, U.Cocen, K.Onel; Mat.Sci.

Eng., A360, 365 (2003).
[9] J.Llorca; Compr.Compos.Mater, 3, 91 (2000).
[10] G.Costanza, R.Montanari, F.Quadrini, A.Sili; Com-

pos., 36(5), 439 (2005).
[11] I.Ozdemir, C.Tekmen, M.Toparli, Z.Metallkd; 94, 41

(2003).
[12] B.Dikici, SiC Partikül, Takviyeli Al-Si-Mg; Bazly Metal

Matris Kompozitlerin Korozyon Davranyþlary,
Master�s Thesis, Ataturk University, Graduate School
of Natural and Applied Sciences, Erzurum/Turkey,
(2004).

[13] A.J.Trowsdale, B.Noble, S.J.Haris, I.S.R.Gibbins,
G.E.Thompson, G.C.Wood; Corros.Sci., 38(2), 177
(1996).

[14] B.Dikici, M.Gavgali, C.Tekmen; J.Compos.Mater, 40
(14), 1259 (2006).

[15] K.A.Lucas, H.Clarke; �Corrosion of Aluminium-
based Metal Matrix Composites�, Research Studies
Pres.Ltd.England, (1993).

[16] Z.Ahmed, B.J.Abdul Aleem; Mater, Design, 23, 173
(2002).

[17] M.Gavgali, B.Dikici, C.Tekmen; Corros.Rev., 24(1-2),
27 (2006).

[18] A.Turnbull; Brit.Corros.J., 27(1), 27 (1992).
[19] C.Tekmen, U.Cocen; J.Compos.Mater., 37(20), 1791

(2003).
[20] ASTM G5-94; �Annual book of ASTM standards�,

ASTM International, USA, (2001).
[21] P.P.Trzaskoma, E.McCafferty, C.R.Crowe; Electro-

chem. Soc.J., 130(9), 1804 (1983).
[22] L.L.Shreih; �Corrosion�, Tien Wah Pres (Pvt) Ltd.,

Singapore, (1979).
[23] H.U.Herbert; �Corrosion and Corrosion Control�,

John Wiley & Sons Inc., Canada, (1963).
[24] T.Kiyak; �Aluminyumun (Katodik) Korozyonunun pH

4-6 Araliginda Sicakliga Bagli Olarak Incelenmesi�, PhD
Dissertation, Gazi University, Ankara/Turkey, (1995).

[25] D.Talbot, J.Talbot; �Corrosion Science and Technology�,
CRC Press, USA, (1998).

[26] E.H.Hollingsworth, Y.H.Hunsicker; �ASM Handbook�,
ASM International, Ohio/USA, (1987).

[27] A.I.Asphahani, W.L.Silence; �ASM Handbook�, ASM
International, Ohio/USA, (1987).

[28] A.Cakir; �Metalik Korozyon Ilkeleri ve Kontrolu�, MMO
Yayini, No:131, Bilesim Ltd.Sti, Ankara/Turkiye, (1990).


