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The nucleation and growth mechanisms during high temperature oxidation of liquid Al-3
wt% Mg and Al-3 wt% Mg-7 wt% Si alloys were studied to provide a better understanding
of the composite fabrication process, especially in the presence of SiC reinforcement.
Al2O3-matrix composites with and without SiC particulates have been produced by directed
oxidation of aluminum alloys. The microstructure consists of three interpenetrating phases:
the SiC preform, a continuous α-Al2O3 matrix, and a network of unoxidized metal. The
volume fraction of metal within the oxidation product decreases with increasing processing
temperature. The preform does not show any evidence of degradation by the molten alloy,
but the growth front tends to climb up the particles, increasing the oxidation area and
therefore enhancing the rate of composite growth. The amount of porosity was found to
increase with the Mg content in the alloy, from 2.0 vol% for 0.5 wt% Mg to 5.8 vol% for 3
wt% Mg. The role of magnesium and silicon in the growth process are discussed. C© 1998
Kluwer Academic Publishers

1. Introduction
The directed oxidation process or DIMOXTM process
involves the formation of ceramic/metal composites
by the directed oxidation of molten metal [1, 2]. The
ceramic–metal matrix is formed by the partial oxidation
reaction of a molten metal with an oxidant. Different
metals can be used: aluminum, zirconium, titanium,
etc., whereas both oxygen and nitrogen can be used as
oxidants. The DIMOXTM process involves the oxida-
tion of a bulk molten metal by a gas to form a solid
ceramic body using a directed growth process. The re-
action product forms, initially, on the exposed surface
of a molten metal pool and then grows outward.

The oxidation process is fed by the transport of addi-
tional metal through the ceramic product of the oxida-
tion reaction between the parent metal and the gas phase
oxidant. The amount of residual metal in the ceramic
body therefore depends on the processing conditions
and the starting material. Alternatively, particulate-
reinforced or fiber-reinforced composites can be pro-
duced by the DIMOXTM process to achieve favorable
structural properties [2–4]. In such cases, the reac-
tion product grows into the filler material (particulates,
fibers) to form the composite. The material consists of
three-dimensionally interconnected ceramic phase and
interconnected metal channels supplying the metal to
the surface during the reaction. The filler material is
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placed on top of the metal (in the direction of the ox-
idation growth process). The filler material is usually
not displaced or disturbed during the matrix formation
reaction [2].

Temperatures within a limited process envelope are
typically in the range of 900 to 1350◦C, depending on
the dopant materials used, are also necessary for practi-
cal reaction kinetics [2]. When the appropriate process
conditions are achieved, matrix growth in the Al2O3/Al
system typically occurs at a constant rate (linear kinet-
ics). It has been observed that the microstructure and
properties of the matrix can be strongly influenced by
the nature and amount of dopants present and the pro-
cess temperature and time [5]. For instance, processing
at a lower temperature tends to produce a matrix with
a lower ceramic/metal phase ratio than matrices pro-
cessed at higher temperatures. Once started under ap-
propriate conditions, the DIMOXTM process appears to
grow a composite of uniform microstructure as along as
(i) molten metal and oxidant are available to sustain the
process, and (ii) the process temperature is maintained
[1]. Similarly, the formation of unreinforced AlN/Al
ceramic composite bodies by the directed oxidation of
molten Al alloys in nitrogen has been demonstrated
[6–9], and shows similarities with the Al2O3/Al system.

Previous authors have confirmed that composite
growth is promoted by the addition of elements with
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relatively high vapor pressures (e.g. Mg or Zn) which
form surface oxides that prevent the passivation of the
melt and control the supply of oxygen to the reaction
front [1, 10, 11]. Nagelberg [10] investigated the growth
of Al2O3/Al composites from a complex aluminum al-
loy at temperatures ranging from 1273 to 1473 K in
atmospheres of 20 to 100 vol % O2 (balance Ar or N2)
using SiO2 as an initiator. Nagelberg found a continuous
ZnO layer (∼1µm) at the outer surface, and reported an
activation energy of∼89 kJ/mol, which is significantly
lower than values reported for other alloys [11, 12],
which range from 270 to 400 kJ/mol.

The present study examined the nucleation and
growth mechanisms responsible for the formation of
Al2O3/Al alloy composites by oxidation of Al-3 wt %
Mg and Al-3 wt % Mg-7 wt % Si alloys in air. One com-
position contains both alloying elements used for this
study, while the other contains only Mg, thus allow-
ing some conclusions to be drawn on the role of Si in
the microstructural development (Mg is essential to the
formation of these composites, i.e. if absent no reac-
tion occurs). All composites in this investigation were
reinforced with 240-grit SiC particles and composites
produced without preforms were used for comparison.
The present experiments were conducted at an interme-
diate temperature (1150◦C) to facilitate the study of the
early stages of the process. The study includes extensive
microstructural characterization of the oxidation reac-
tion products. Mechanisms are proposed based on these
observations that explain the high temperature nucle-
ation and growth phenomena leading to the conversion
of the majority of the bulk Al into Al2O3.

2. Experimental
The two main alloys used in these studies were prepared
starting from pure metals: Al, Mg, and Si. Melting of
the alloys was carried out using an induction furnace.
The crucibles for melting were machined from a high
purity graphite block which was baked at 800◦C to
remove volatiles. The alloys were induction melted in
500 g batches in the baked crucible. Initially, Si pieces
were placed at the bottom of the crucible and then Al
shot was loaded on top. Once the aluminum and sil-
icon were molten and mixed, the temperature of the
induction furnace was lowered to about 650◦C. The
magnesium pieces, wrapped in aluminum foil, were
then added to the melt to minimize oxidation and loss
of magnesium. Once the magnesium had dissolved in
the alloy, the temperature was raised back to 740◦C to
ensure complete mixing. The molten alloys were cast
into a cylindrical graphite mold 20 cm in length and 2.4
cm inner diameter. After filling the mold, the remaining
melt was cast into a small copper mold to obtain sam-
ples for spectrochemical analysis. The chemical com-
position of the two cast alloys was quantified using
emission spectroscopy. The analysis is given in Table I,
where (a/b) designates an alloy havinga wt % Si and
b wt % Mg. The cast ingots were then sectioned into
discs 5–6 mm in thicknesses.

The composites were grown into loosely packed
α-SiC particulate preforms with an average particle size

TABLE I Analysis of the aluminum alloys

Alloy Si (wt %) Mg (wt %) Al (wt %)

(0/3) — 2.81 97.19
(7/3) 7.15 2.78 90.07

of 44.5µm (standard grit size #240). The SiC powder
was oxidized in air for a period of 48 hours at 1400◦C
prior to composite fabrication, according to

2SiC+ 3O2 → 2SiO2 + 2CO↑ (1)

The specific surface area of the powder was also mea-
sured by the single point Brunauer, Emmett and Teller
(BET) method, using a Quantachrome system (Quan-
tasorb Sorption) and yielded a value of 0.13 m2/g.

For composites grown without SiC filler material,
cylindrical alloy specimens approximately 2.4 cm in
diameter and 0.5 cm high were cut from the castings,
degreased and placed in a slip-cast Al2O3 crucible fab-
ricated in house. The weight of the crucible and the
alloy were noted prior to composite fabrication. When
a filler material was used to grow the composites, SiC
powder was placed on top of the alloy in the Al2O3 cru-
cible and tapped level using a vibrating table to ensure
reproducible tap densities (Fig. 1a). The weight of the
crucible, alloy and SiC powder were noted prior to com-
posite fabrication. The growth of the molten Al-Mg
and Al-Mg-Si alloys in air was studied by interruption
of the growth process at intermediate times during the
isothermal soak. For this purpose, a TGA-furnace setup
(Fig. 1b) was used which allowed the lowering of the
sample into the hot zone without any previous heat-
ing, and also enables air quenching of the sample from
the furnace after a given soak time. The crucibles were
strong enough to withstand the thermal shock. Compos-
ite growth was carried out at a 1150◦C in air to allow
monitoring the different stages of the growth process.

Microstructural characterization of the composites
included primarily optical metallography and scanning
electron microscopy (SEM). Metallographic samples
were mounted in a cold setting epoxy resin. They were
then ground using two diamond “ultra-prep” grinding
discs of 45µm followed by 15µm. The samples were
later polished with a diamond paste and an ethylene
glycol lubricant, using a diamond grit of 6µm down to
a 1µm finish. Ultrasonic cleaning was carried out after
each polishing step. Optical micrographs were taken on
a Zeiss Neophot 21, fitted with an oil immersion lens
(× 2000).

The polished samples were sputter coated with
Au-Pd and examined on a Jeol JSM-840A SEM
equipped with an ultra-thin window light-element
X-ray detector (Al, 0.1µm thick) A Tracor Northern
(Model TN-96-606E3/513) system was used to
carry out (a Energy Dispersive Spectroscopy (EDS),
(b) X-ray mapping, and (c) image analysis using a com-
patible software package.

The surface microtopography of the composites
was examined on high-resolution replicas by TEM
(Model Jeol CX100). The replicas consist of a thin
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(a)

(b)

Figure 1 Experimental set-up (a) for composite fabrication using a filler
material and (b) to measure the composite growth rate.

platinum/carbon (Pt/C) film (95Pt/5C wt % and 1–2 nm
thick) and a supporting carbon film (15–20 nm thick).
Polished cross sections of the composites were mounted
on a flat substrate using double-sided adhesive tape,
with the surface of interest parallel to the substrate. The
shadowing and replication procedure was performed
in a freeze-etch unit (Balzer 400) under high vacuum
(1.333× 10−4 Pa) and at room temperature. The replica
was cleaned by dissolving the composite adhering to the
replica using a 10% HF solution, rinsed with de-ionized
water and transferred onto a 200 mesh TEM grid.

3. Results
Fig. 2 is a typical TGA curve showing the several stages
of the oxidation behavior of these alloys in the tem-
perature range where composites can be grown [13].
A limited weight gain occurs initially representing the
incubation period with variable length depending on
several parameters. After this incubation period, the
bulk Al2O3-matrix composite forms. The growth ends
rather abruptly, although some further oxidation of the
alloy continues at an exceedingly slow rate. It has
been suggested [1] that the sudden drop in growth rate

Figure 2 Typical oxidation behavior for Al-containing Mg alloys in air
or oxygen at temperatures in the range of 1100–1300◦C.

corresponds to the exhaustion of the bulk metal reser-
voir, with the additional slow weight gain resulting from
the oxidation of residual metal in the microchannels of
the composite only. However, the current TGA results
indicate that in some cases composite growth ceases
long before the bulk metal is totally consumed.

3.1. Initial oxidation and incubation period
The general features during initial oxidation of the al-
loys in the presence of SiC particles are similar for both
the Al-3 wt % Mg and Al-3 wt % Mg-7 wt % Si. After 2
minutes of exposure at 1150◦C, the exposed surface of
the alloy becomes porous and MgAl2O4 rings appear
around the surface pores, as shown in Fig. 3a. Cross
sections of the samples do not reveal any traces of ei-
ther MgAl2O4 or MgO. This is due to the fact that the
MgAl2O4 rings are small (1–5µm) and it is difficult to
intercept them during sectioning of the samples. Fig. 4
shows that after 5 minutes the exposed surface is com-
pletely covered by a continuous dense MgAl2O4 layer
but contains metal channels. New MgO crystallites nu-
cleated on the outer MgAl2O4 surface with an average
grain size of 3–4µm and grow favorably on the SiC
particles, as shown in Fig. 3b. The MgO crystallites
quickly cover the MgAl2O4 surface and form a locally
continuous layer between the SiC particles (Fig. 3c).
The MgO then starts to dissociate upon arrival of the
metal to the MgAl2O4/MgO interface and composite
nodules start forming on the exposed surface as seen in
Fig. 3d. The composite nodules nucleate between the
SiC particles, and can actually nucleate on the surface
of the SiC, as shown in Fig. 5.

3.2. Bulk oxidation: composite growth
Initial examination of the composite surface after care-
ful removal of the uninfiltrated portion of the preform
reveals a slightly undulated front covered by a contin-
uous MgO layer between the SiC particles, as shown
in Fig. 6. Thus, the proposed growth mechanism in-
volving formation and dissolution of the MgO surface
layer seems to be essentially preserved within the pre-
form. The surface roughness in Fig. 6 is not sufficiently
different from the unreinforced composite to suggest
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(a)

(b)

Figure 3 Top views of the surface oxides on the (0/3) alloy with SiC held at 1150◦C for various times (a) 2 minutes, (b) 10 minutes, (c) 15 minutes
and (d) 30 minutes. (Continued)

a substantial increase in the surface area of oxidation.
However, the cross section of the same specimen in
Fig. 7 shows that the profile of the oxidation front is
much more convoluted than that suggested by the top
surface view. The front is rather porous and extends
over a scale of several particle diameters with the vol-
ume fraction of the Al2O3/alloy reaction product in-
creasing inward from the surface. It was also found
that a layer of SiC particles immediately above the vis-
ible surface oxide remained attached to the composite
when the crucible was turned upside down and tapped to
remove the uninfiltrated portion of the preform. These
particles appeared to be lightly sintered, suggesting that
neck formation is aided by some form of condensation

(presumably MgO) from the vapor phase ahead of the
oxidation front [14].

The case for secondary nucleation and growth from
the particles is supported by observations of the grain
structure in the final composite. It is well established
that oxidation in the absence of a preform leads to
columnar Al2O3 grains tens of micrometers across,
growing with the same crystallographic orientation
over hundreds of micrometers [1, 11]. Unreinforced
composites grown from the present alloy also clearly
showed a preferred orientation of the Al2O3 grains
parallel to the growth direction. In contrast, grain
boundaries (revealed by changes in channel pattern
orientation) were often found between particles in the
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(c)

(d)

Figure 3 (Continued).

SiC-bearing composites, suggesting that the preform
tends to refine the Al2O3 grain size and produce a more
randomly oriented microstructure.

The nucleation of Al2O3 on the preform particles
could arise from the reaction of Al in the spreading melt
with the protective oxide layer typically present on SiC,
especially after lengthy exposure of the preform to air
at high temperature, according to

4(Al) + 3SiO2 → 2Al2O3 + 3(Si) (2)

This phenomenon is illustrated in Fig. 8, where the
composite nodules are shown to be nucleating on the
exposed surface of the SiC particles. Fig. 9 shows a
composite nodule nucleating on the surface of the alloy

during the early stages of the composite formation. This
would tend to promote more random nucleation of the
Al2O3 grains within the microstructure.

4. Discussion
The presence of SiC preforms in the composites did
not affect their overall microstructures which still con-
sisted of 3D interconnected ceramic phase (Al2O3) and
3D interconnected residual metal channels as well as
isolated metal pockets (Fig. 10). However, the presence
of SiC disrupted the columnar growth of the ceramic
phase although there is some local orientation of the
Al2O3 phase in the direction of growth. Overall, the in-
troduction of SiC preform in the composite resulted in
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Figure 4 Cross section of the (0/3) alloy surface after 5 minutes of oxidation.

Figure 5 Top views of the surface on the (0/3) alloy with SiC held at 1150◦C for 30 minutes.

refinement of the composites, that is the metal channels
became finer compared to the unreinforced composites.

4.1. Incubation period
It is evident that the presence of SiC preform in the
composites affected the microstructural evolution of
the composites, and resulted in much shorter incubation
times (compared to composites without SiC preforms).
In some composites, the growth started immediately
after introduction of the sample into the furnace. Be-
sides the fact that the SiC preform provides a skeleton
upon which the reaction product grows, the surface of
the SiC particles seems to play a key role. It is well

established that Al and Al-Mg alloys wet SiC at temper-
ature>1100◦C [15–17]. As soon as the alloy is molten
and is in contact with the SiC particles, spreading of
the alloy occurs over the edges of the SiC particles that
are in contact with the melt. Between the SiC particles,
the same process occurs as in the unreinforced compos-
ites, where the surface of the alloy is initially covered
by MgAl2O4 and MgO layers (see Fig. 11). However,
during the incubation period, nucleation of MgAl2O4
takes place on the surface of the SiC particles due to
the evaporation of Mg accompanied by spreading of the
aluminum melt. Mg and Al both react with oxygen from
the atmosphere and through the dissolution of the SiO2
passivation layer surrounding the SiC particles and the
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Figure 6 Top view of a SiC reinforced composite.

Figure 7 Optical micrograph showing a cross-section of the top of the composite.

new products (MgO and MgAl2O4) are deposited on
the outer surface of the alloy, according to [18]

2SiO2 + (Mg) + 2(Al) → MgAl2O4 + 2(Si) (3)

Therefore the SiC surface is a preferential nucleation
site for both the MgAl2O4 and MgO layers.

The present investigation clarifies the microstructural
evolution of the composites in relation to the role of the
surface oxide layers (MgO and MgAl2O4) in both the
absence and the presence of SiC preforms. These two
layers start appearing as soon as the alloy is in contact
with oxygen at the processing temperature, and they
persist until the growth process is completed. Therefore

these two oxides are responsible for the continuous ox-
idation process responsible for composite formation.

From the microstructural observations of the un-
reinforced composites, the Al-Mg and Al-Mg-Si al-
loy surfaces are covered by two oxide layers: MgO
and MgAl2O4. Salaset al. [19] performed experiments
where they covered the surface of the alloy with a thin
SiO2 layer prior to oxidation. They concluded that the
SiO2 shortens the incubation period by providing sites
wherein the dense MgAl2O4 layer (which seal off the
metal channels) is prevented from forming. It is doc-
umented that the reaction between Al-Mg alloys and
SiO2 involves the reduction of SiO2 to form MgAl2O4
according to Equation 3 [18], which indicates that the
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Figure 8 Nucleation of composite nodules on the exposed surface of the SiC particles.

Figure 9 Cross section of a composite nodule containing SiC particles.

transition from SiO2 to MgAl2O4 is accompanied by
a volume contraction of∼14%, leading to the forma-
tion of channels filled by the molten metal [19]. Un-
like Mg, however, the released Si is not reoxidized but
gradually diffuses back into the bulk melt. However,
our experimental observations do not fully agree with
the above studies. If the presence of SiO2 is the only
factor responsible for the shortening or elimination of
incubation, then Al-Mg-Si alloys should have no incu-
bation period, or at least a very short one. This is not
the case since Al-Mg-Si alloys typically exhibit an in-
cubation period of up to 4.5 hours at 1350◦C [13]. On
the other hand, with a SiC preform, the incubation pe-
riod remained the same (1–1.5 hours) and did not vary
with the change in alloy content of either Mg or Si. The

MgAl2O4 that forms during the incubation period in
the SiC–reinforced composites grows between the SiC
particles and composite growth soon follows.

According to Equation 3, free silicon is released into
the melt. It was observed that in composites grown from
Al-Mg alloys, silicon is present in the metal channels of
the composite. If the length of the incubation period is
solely dependent on the presence of Si in the alloy, then
it should be expected that the length of the incubation
period in the Al-Mg alloys should be of approximately
the same magnitude as in the Al-Mg-Si alloys, which is
in good agreement with our experimental observations,
as shown in Fig. 12.

When a SiC preform is used as a reinforcement upon
which the composite grows, dissolution of the SiO2
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(a)

(b)

Figure 10 (a) Microstructure of a composite grown from a (7/3) alloy at 1150◦C with a 240-grit SiC particles and (b) TEM replica showing the
interconnectivity of the metal channels.

layer surrounding the SiC particles leads to the forma-
tion of MgAl2O4, i.e. recall that the SiC powder was
preoxidized prior to the growth process. Another im-
portant observation is that even if the SiC powder was
not preoxidized, the composite growth process started
immediately after a brief incubation period. This im-
plies that the role of the SiC particles is not limited to
the presence of a thick SiO2 layer, but also the fact that
the particles are disrupting the formation of the two ox-
ides on the alloy surface. MgO and MgAl2O4 layers can
be thought of as passivating layers that prevent the alloy

from oxidation when in contact with air. The areas of
contact between the particles and the alloy surface are
actually shielded (relatively speaking) from the oxygen.
Consequently the portion of the particles that is in con-
tact with the alloy is transformed into MgAl2O4 and the
other side of the particles is in contact with oxygen and
it reacts only with the evaporated Mg/Al mixture. The
triple points (intersection of the SiC particles, the alloy
surface and the oxygen) are sites where the alloy can be
withdrawn upwards to the oxidizing environment (by
wetting of SiC).
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Figure 11 Schematic of the evaporation and redeposition process after oxidation of Mg/Al.

Figure 12 Weight gain vs. time curves into SiC preforms (240-grit)
showing the effect of changing of Si content on the incubation time
(1350◦C).

Nagelberg [20] grew composites starting from Al-3
wt % Mg and Al-3 wt % Mg-10 wt % Si alloys at tem-
peratures ranging from 1100 to 1250◦C. On some of his
samples, he scratched the surface of the molten alloy
during the incubation period and concluded that this re-
sulted in the growth of Al2O3/metal composites along
the scratches. He also observed that the sizes of the nod-
ules along the scratch were proportional to the elapsed
time following surface scratching and appeared to be in-
dependent of the presence or absence of Si in the alloy.
The role of SiC preform in decreasing or nearly elim-
inating the incubation period is therefore attributed to
the disruption of the outer passivating oxide layers (i.e.
MgO/MgAl2O4). The two-layer structure still exists on
the outer surface of the alloy in the presence of the SiC
preform, but this layer is continuous only between the
preform particles. Under the SiC particles, the layer is
discontinuous which would serve as a mechanical dis-
ruption to promote growth initiation sites, as was ob-
served in our experiments, where the growth initiation
of the MgAl2O4 occurs on the SiC particle surfaces.

4.2. Composite formation
Cracking of the MgAl2O4 layer is a common occur-
rence observed in the composites. The thicker the initial
oxide layer on the alloy, the more susceptible it becomes
to cracking under growth stresses. Since the oxide lay-
ers grow faster in the Al-Mg-Si alloy than in the Al-Mg
alloy, cracks would develop sooner in the Al-Mg-Si al-
loy indicating a shorter incubation period than for the
Al-Mg alloy. When a SiC preform is used, the MgAl2O4
layer grows very thick in a significantly shorter time.

The MgO layer covering the composite nodules has a
texture similar to that of a sponge, and in some locations
it is never observed. This leads to the conclusion that
MgO is dissolved and then re-precipitated on the outer
surface. The reaction starts around the SiC particles,
and the product grows outward from the SiC surface.
Further reaction results in the coalescence of the Al2O3
nodules originating from the different SiC particles.
The reaction on the preform surface is enhanced by
wetting of the SiC by aluminum and its alloys and is
even further promoted by the presence of the SiO2 layer
around the SiC. Manoret al. [14] suggested that the
nucleation of the Al2O3 on the preform particles could
arise from the reaction of Al in the spreading melt with
the SiO2 layer typically present on the SiC. This might
occur after lengthy exposure of the preform to air at
high temperature, according to Equations 1 and 2 [14].

It should be noted that the process of formation of
Al2O3 nodules occurs in a similar manner to that of
MgAl2O4 and MgO layers, i.e. formation starts on the
surface of the SiC particles and grows away from them.

4.3. Porosity formation in the composites
Two types of porosity were observed in these compos-
ites:

1. Micro-pores are voids within the metal network,
as shown in Fig. 13a. They originate primarily from the
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(a)

(b)

Figure 13 Optical micrographs showing (a) microporosity and (b) macroporosity.

solidification shrinkage and are also related to the gas
evolution, e.g. H2 during solidification.

2. Macro-pores are empty of both metal and ceramic
on a scale much larger than the microchannels, e.g.
Fig. 13b. They are found in most of the composites
whether with or without preforms and originate from
the spreading of the oxidation front.

The primary advantages of the DIMOXTM process in-
clude its ability to form relatively complex, fully dense
composite net shapes. From the micrographs showing
the microstructure of different composites, it is clear
that the composites are fully dense and contain little
porosity.

However, if the composite is still subjected to the
processing temperature after all of the alloy has been

consumed, some porosity starts to develop as can be
seen in Fig. 14. In such a case, after the majority of
the metal from the reservoir has been oxidized to form
the ceramic matrix with residual metal channels, fur-
ther exposure at the oxidation temperature results in a
continued oxidation of the aluminum from the metal
channels with a concurrent increase in the metallic Si
content. Moreover, the aluminum from the metal chan-
nels oxidizes preferentially and leaves behind residual
porosity. As aluminum is consumed, the metal becomes
richer in Si at the reaction temperature and crosses into
the Si-rich semi-solid region of the Al-Si phase dia-
gram. Consequently, primary Si precipitates at the re-
action temperature within the channels.

The amount of porosity was found to increase with
the Mg content in the alloy, from 2.0 vol % for 0.5 wt %
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(a)

(b)

Figure 14 Microstructure of various composites grown from a (7/3) alloy and subjected to processing at 1250◦C after all of the alloy has been
consumed (30 hours).

Mg to 5.8 vol % for 3 wt % Mg (measured by means of
image analysis). This is in agreement with the results
of Manoret al. [14] who found an increase in porosity
from 1.8 to 5.2% for an increase in Mg content from
0.17 to 2%. Similarly, the growth rate was found to
increase by a factor of two (especially in the case of
composites without reinforcing SiC particles) when the
Mg content was raised from 0.5 to 3 wt %.

5. Conclusions
1. It has been shown that Al2O3 matrix composites

containing SiC particles and an interpenetrating net-
work of metal can be grown by directed oxidation of

Al-Mg and Al-Mg-Si alloys at temperatures ranging
from 1150 to 1350◦C. The presence of the SiC preform
disrupted the columnar growth of the Al2O3 matrix, but
the composite still remains a three dimensionally inter-
connected network.

2. In the SiC-free composites, the initial oxidation
event corresponds to the formation of MgAl2O4, fol-
lowed by the evolution of the MgO on the outer surface
during the incubation period. Initially the MgAl2O4 and
MgO layers thicken continuously with time. However,
at 1150◦C, the MgO layer becomes thinner towards the
end of the incubation period. Melt wicking via the metal
channels created in the MgAl2O4 layer increases at the
end of the incubation period where the melt comes into
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direct contact and reacts with the MgO layer and there-
fore setting the stage for the formation of Al2O3/Al
nodules.

3. The SiO2 layer on the SiC particles plays a key
role in the composite formation process by its reaction
with the Al alloy to form MgAl2O4 and Al2O3 during
the composite growth process and therefore enhances
the formation of the composites.

4. The amount of porosity was found to increase with
the Mg content in the alloy, from 2.0 vol % for 0.5 wt %
Mg to 5.8 vol % for 3 wt % Mg. Similarly, the growth
rate was found to increase significantly when the Mg
content was raised from 0.5 to 3 wt %.
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