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Abstract—Thermite reactions in the NiO—Al system have been studied. In addition to the case when the sto-
ichiometry is set up to produce metallic nickel and alumina, we studied the case when Al is added in excess in
order to react with the Ni produced through the reduction of nickel monoxide with Al to produce various nickel
aluminides. As thermite reactions are highly exothermic, in order to provide a better understanding of the reac-
tions, alumina has been added to the green mixture to reduce the reaction rate and overall exothermicity, in
amounts corresponding up to 50% of the overall heat capacity of the sample.
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INTRODUCTION

Thermite reactions are well known for being highly
exothermic, and the adiabatic temperature often
reaches 3000 K. Indeed, Al has an extremely high affin-
ity to oxygen and it can therefore be used to reduce the
most of metal oxides. As an example, we previously
studied [1] the basic thermite reaction of Al with nickel
monoxide:

3NiO + 2Al — 3Ni + Al,O;. (1)

As expected, the products of such a reaction are lig-
uid, if not gaseous. Consequently, such a reaction has a
few drawbacks, including intense sputtering, and the
final products could not therefore be retrieved, except
in the form of a powder completely dispersed inside the
reaction chamber. Moreover, the reaction may also be
incomplete, as the sputtering may occur slightly ahead
of the reaction zone, mainly due to Al boiling, thus sep-
arating the reactants before they react.

These drawbacks can easily overcome by using an
inert diluent. Diluent is a substance added to the system
that will not take part in the reaction, and therefore will
not bring any additional enthalpy into the system. On
the contrary, its presence will increase the overall heat
capacity and, the total amount of heat brought by the
reaction enthalpy remaining constant, the final temper-

! The text was submitted by the authors in English.

62

ature will therefore decrease, according to the well
known equation:

AH; = [ C,dr. )

T,

in

In [1], we studied the effect of added Al,O; on the
temperature reached and on the structure of burnt sam-
ples. Without added alumina, the samples were com-
pletely destroyed by sputtering. When the added alu-
mina represented 20% of the overall heat capacity (hc)
(or 20 hc % Al,O; for short), boiling and dispersion of
the sample could be avoided, although the sample
underwent a complete melting. Finally, for higher hc %
Al,O5 values, the structure of the sample could be pre-
served, and the phase segregation could be partially
suppressed, especially at 40 hc % Al,O;.

This study will focus on the influence of stoichio-
metric ratio, and Al will be added in excess relative to
Eq. 1, and we will consider the following reactions:

3NiO +3Al —= AINi, + Al,O;, 3)
15NiO + 19A1 — 3ALNis + 5ALO;, @)
3NiO + 5A1 — 3AINi + ALO;, (5)
6NiO + 13A1 —» 3ALNi, + 2AL,0s, (6)
3 NiO + 11Al —» 3ALNi + ALO. (7)



