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NANOCOMPOSITES  INTERMETALLICS / OXIDES,
PRODUCED  BY  MA  SHS
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Abstract. MA SHS was used for preparation of oxide / intermetallics nanocomposites. Mecha-
nochemical reduction of Fe2O3 was investigated in conditions of high dilution by iron and alu-
minium. It shows that excess of Al content significantly alters the process. Mechanical activation of
mixture 60.9 wt.% Fe + 26.6 wt.% Al + 12.5 wt.% Fe2O3 leads to formation of nanocomposite Al2O3/
Fe/Al, and following SHS creates nanocomposites Al2O3/FeAl.

1. INTRODUCTION

The combination of mechanical activation (MA) and
self-propagating high-temperature synthesis (SHS)
allows to extend the possibilities and to reduce dis-
advantages for both methods. The different
nanosized intermetallic compounds (FeAl, MoSi

2
,

NiAl, NiTi, NbAl
3
) were obtained by MA SHS [1-7].

The purpose of this work is to use MA SHS for
preparation of oxide/intermetallic nanocomposites.

If a mixture of metals that can form intermetal-
lic compounds in the course of SHS, one of the
components being able to reduce the initial oxide,
is used as a diluent, mechanochemical activation
can result in metallic composites with uniformly
distributed oxides. Thus, in the course of mechani-
cal activation of the Me’xOy + Me’’ + Me’ mixture,
the chemical reaction Me’

x
O

y
 + Me” → Me’’

z
O

x
 +

Me’ yields Me’/Me”/Me’’
z
O

k
 composites and sub-

sequent SHS from these materials will give
Me’

n
Me’’

m
 /Me’’

z
O

k
 composites.

2. EXPERIMENTAL

AGO-2 planetary ball mill with water cooling was
used (jar volume 250 cm3; ball diameter 5 mm; ball
charge 200 g; sample weight 10 g; rotation speed
of grinding jars around the common axis ~1000
rpm). Activation was carried out in argon atmo-
sphere.

The activated mixture was compacted in a
mould 17 mm in diameter and 25 mm in height.
The synthesis was carried out in argon atmosphere.
The sample was ignited by an electrically heated
tungsten coil. After the combustion process, the
sinter was powdered.

XRD-patterns were obtained with URD-63
diffractometer. Microstructure was studied by scan-
ning electron microscopy (a Camscan scanning
electron microscope with a Link Analytical AN10000
energy dispersive X-ray analyzer, Link ZAF4-FLS
software was used for quantitative analysis), and
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Fig. 1. X-ray patterns of activated mixtures Fe
2
O

3
 + 4 Al.

Fig. 2. X-ray patterns of activated mixtures Fe
2
O

3
 + 6 Al.

Fig. 3. High-resolution microphotographs of a Fe
2
O

3
 + Fe + Al sample after (a) mechanical activation and

(b) SHS.
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transmission electron microscopy (a JEM 1000x
microscope).

3. RESULTS AND DISCUSSION

Mechanochemical activation of mixture 60.9 wt.%
Fe + 26.6 wt.% Al + 12.5 wt.% Fe

2
O

3
 was investi-

gated. According to equation of chemical reaction
(Fe

2
O

3
 + 2 Al = Al

2
O

3
 + 2 Fe; ∆H = - 840 kJ/mol)

the 4.2 g of Al is required for reduction of 12.5 g of
Fe

2
O

3
. The mechanochemical reaction of reduc-

tion takes place in a condition of high dilution by
iron and aluminium. The influence of Fe, Al excess
content on the process and phase composition of
product was studied.

At equimolecular ratio, the reaction between
Fe

2
O

3
 and Al may would finish during 30-40 s of

mechanical activation. At the double Al excess the
appearance of α-Al

2
O

3
 was detected after 40 s by

IR study. X-ray data of this reaction product indi-
cates on formation of intermetallic and a-Al

2
O

3
 (Fig.

1). At triple Al excess, Fe and mixture of interme-
tallic compounds were revealed after 1 minute of
MA (Fig. 2). Further increasing of Al content ex-
tends the induction period considerably.

In conclusion, an excess of Al content signifi-
cantly alters the process.

Formation of lower iron oxide (FeO) after 5 min
of mechanical activation was established for the
mixture α-Fe

2
O

3
 + Fe by IR study.

The X-ray powder diffraction pattern of the 12.5
wt.% Fe

2
O

3
 + 60.9 wt.% Fe + 26.6 wt.% Al mixture

after 2 min of activation resulted two phases: Fe
and Al. No oxide phases, including the initial iron
oxide, were revealed by X-ray diffraction. The ab-
sence of reflections due to the initial phase of fer-
ric oxide implies that it was reduced by aluminum,
and the lack of reflections due to alumina is asso-
ciated either with the formation of an X-ray amor-
phous modification or with the fact that fine alu-
mina particles are coated and spatially separated
by plastic metals.

Transmission electron microscopy showed that
all components of the mechanochemically synthe-
sized composite are nanosized (Fig. 3a). These
data allowed us to assume that, in the course of
mechanical activation, ferric oxide is reduced with
aluminum to give highly dispersed alumina and the

Fe/Al/Al
2
O

3
 composite is formed. This composite

has a layered structure. Thus, mechanochemical
stage for mixture Fe + Al + Fe

2
O

3
 results in the

reduction of Fe
2
O

3
 and creation of contact surface

between Al and Fe.
The mechanochemically prepared

nanocomposite was used as the initial material in
the SHS process, leading to the formation of the
FeAl intermetallic compound. The SHS product
inherits the morphology of the initial composite,
although the initial material contained a mixture of
the metals, while the product has their chemical
compound. The retention of morphology can be
evidence of a highly uniform distribution of the ini-
tial metals, Fe and Al, in the mechanically obtained
nanocomposite. Transmission electron microscopy
showed that the use of nanocomposites as the ini-
tial material ensures a high dispersion of the re-
sulting SHS products (Fig. 3b).

The similar results were produced for initial mix-
tures Fe + Al + Cr

2
O

3
 and Ni + Al + NiO.
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