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1 Introduction

The processing of nanostructured materials attract® attention in the recent years. It is conrecte
with the fact, that nanometer size scale bringsstauitial changes into physicochemical and
mechanical properties, in comparison with bulk grties. Mechanically activated self-propagating
high-temperature synthesis (MASHS) has been intelysinvestigated in the last decades as a method
for production of nanomaterials [1-3]. The procesmsists of a short duration high-energy ball
milling step followed by a self-sustaining syntlseseaction. Previously, it was shown that usage of
preliminary mechanical activation of charge mixgigan lead to significant changes in combustion
parameters [1-3]. As a rule, chemical interacti@erin mechanically activated mixtures is
significantly higher as compared with the non-aatébd. This fact together with the lowered
combustion temperature leads to formation of nanottred materials even in the high-exothermal
systems. This paper describes characteristic festofr combustion processes in metal-oxide powder
mixtures with aluminothermal reactions when usiagacomposite-precursors formed as a result of
mechanochemical interaction of the mixture comptsanthe stage of mechanical activation (MA).

2 Experimental

The experiments were performed in the next systamn%,: 60.9 Fe + 26.6 Al + 12.5 &, (the 1-st
system) and 65.9 Fe + 26 Al + 8.1,C¢ (the 2-nd system). The powders production proaedur
included two stages. On the first step (mechanoat@nactivation) nano-composite metal/oxide
powders were produced. On the second step selkpating high-temperature synthesis (SHS)
proceeded in the precursors formed.

For preparing mechanocomposites AGO-2 planetally idls with water cooling were used
(drum volume 250 cfn ball diameter 5 mm; ball charge 200g; sample hield g; rotation speed of
grinding drums around the common axis 1000 rpm) P8-produced mechanocomposites were
ignited by an electrically heated tungsten coitfia SHS reactor. Both mechanical treatment and the
SHS were carried out in argon atmosphere. Combustave temperature and velocity were measured
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with chromel-alumel thermocouple of 0.2 mm diametsing external two-channel twenty four-digit

ADC ADSC24-2T.
Structure evolution was investigated using D8 Aubea High Resolution Diffractometer with

DIFRAC™® software, High Resolution Scanning Electron Micage "Mira" and Transmission
Electron Microscope JEM1000x.

3 Results and Discussion

The general chemical equations of the reactiondeanritten as follows: Fe + Al + f@; — FeAl +
Al,O5 (the 1-st system) and Fe + Al +,05 —» FeAl(Cr) + ALO; (the 2-nd system).

Structure evolution of materials during MA and foowing SHS is presented on Fig. 1. XRD
analysis reveals different levels of interactiontween components of reaction mixture for two
systems. In the first system no,Be diffraction peaks were found in the powder diffra pattern
after MA (Fig. 1 Left). There is just a small pdadtween 35 and 3692which can not be interpreted
undoubtly (within the limits of an error it can bab to both AIO; and FgO,). At the same time,
Al,O; diffraction peaks can be well identified in thea@lonogramme of the precursor [5]. These data
allow us to assume that during mechanical activasiep FgO; is reduced with aluminum, forming

Al,Os.
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Figure 1. X-ray diffraction patterns of the mechemmposite precursors and the SHS powders
Left: Fe-Al-FeO; system. Right: Fe-Al-GO; system.

In the second system Lx; diffraction peaks are still clearly defined afteAMsee Fig. 1 Right).

It is likely connected with the less oxide contanthe charge mixture and with the lower exothermal
effect of reaction GO; + 2 Al = Al,O; + 2 Cr as compared to aluminothermal reductiofr&O;
(~540 kJ/molz ~840 kJ/mol, respectively). Though, TEM resultstifg presence of some content of
nanosized alumina. Besides, according to resulkdasfsbauer spectroscopy investigations, about 2 %
of FeAls is formed in material during MA [6].

In spite of the different levels of interactiontlveen components in the mechanocomposites,
combustion products in both SHS systems are ginitiéas (see Fig. 1). Main structural constituent of
the both SHS powders is iron monoaluminide andruim. According to DTA results, when heating
at 10/min, the precursors formed during MA in both sysdeinteract via one-step reaction started at
significantly lower temperature as compared wittv mixtures. SHS in both mechanocomposites
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proceeds via the autooscillation mode. Howevercti@a dynamics is essentially different for the
considered systems. Fig. 2 shows the combustiartepsdhermogrammes.
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Figure 2. Thermogrammes of the combustion procetséis Fe-Al-FeO; system. Right: Fe-Al-GO; system.

The initiation lag time for the 1-st system (FefA0; raw mixture) is 9 s (Fig. 2 Left).
Combustion wave temperature and velocity are 1360ux =0.3 mm/s, respectively. Chemical
interaction completes in a few seconds followedthy relatively slow cooling down. Taking into
account that combustion temperature is signifigahtgher than melting point of the least fusible
eutectic in the system {JAI-FeAl;=652°C), SHS with the intermediate molten layer evidemdlyes
place.

Thermogramme of combustion in the 2-nd systemAlF€¢,0;) indicates more complicated
behaviour with phase transformations in the zorfes@n heat evolution and after-burning (Fig. 2
Right). Combustion in the mechanocomposite isdtétil in 7 s and runs with veloci#).25 mm/s. As
being expected, combustion temperature (¥42is some less than in the 1-st system. The isathler
stages are evidently connected with chromium diggwl in the aluminum melt (the first horizontal
bend) and with the formation of the alloyed withrarhium intermetallic Fg;o,CrAlg 3(x=0-0,2) [6]
(the second horizontal bend).

It is interesting that both as-formed SHS powdmrmpletely inherit the precursor’'s structural
morphology, being nanocomposites with partially gohésated structure [5]. Absence of the deep
sintering testifies the local appearance of thaidigphase at the contact areas and its low lifetime

4 Conclusion

Usage of mechanocomposites as the SHS precurdoves dormation of nanocomposite materials
with complete inheritance of the precursor's stat morphology even in the systems with
aluminothermal reactions. Complete reduction ofdesgi with aluminum at the stage of mechanical
activation is not a necessary condition for theatamposite structure preservation. The last one is
likely connected with the high rate of chemical at&ans in the nanocomposite precursors and
implementation of non-equilibrium phase formatioaamanisms at the lowered temperatures.
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