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Tens of research articles and reviews describe the thermal behavior of spherical Al nanoparticles (nAl) of
different diameter (from 10 to 200 nm) in different gases (Ar, He, N>, air) under various heating rates (from 5 to
500 K/min) [1-3]. A very broad dataset representing the so-called ‘reactivity parameters’ (heat release over a
certain temperature range, oxidation temperature onset, degree of oxidation up to certain temperature, oxidation
rate, etc. [4]) has been obtained from easily available non-isothermal oxidation testing (DTA/DSC-TG-DTG).
However, the thermal characteristics of n4/ emerging from this dataset appears sometimes contradictory because
of several reasons:
e the physical and chemical properties of the nA! itself, a metastable high-energy material (as many of the
colloidal systems);
e the different production technology and storage conditions [5];
e the speculative and sometimes hazardous interpretation of the thermal data because of the poor
characterization of n4/ and lack of a complete information on nanoparticles characteristics.
A very ambitious goal of the thermal characterization of n4/ would be to identify, if any, a correlation between
its ‘reactivity parameters’ as provided by DTA/DSC-TG-DTG and the observed burning characteristics (ignition
temperature, ignition delay, burning rate, specific impulse, etc.). Indeed some qualitative direct correlations
between non-isothermal oxidation kinetic parameters (slow oxidation in weak oxidizers) and burning kinetics
(fast oxidation in strong oxidizers) might exist. In this work an attempt is made to find such correlation based on
the analysis of several published experimental datasets [6] and our own broad experimental database.
It is shown that processes occurring under low-temperature oxidation (before Al melting) might correlate with
the composition of the passivation/coating layer of nanoparticles, their size distribution, and metal structure (for
very fine particles, say ~10-30 nm). However, non-isothermal high-temperature oxidation (over 660°C) and
combustion of nA!l appear to depend only on the initial particle size, cohesion degree, and active metal content
while seem nearly independent from the initial passivating/coating layer of particles. The thermodynamic
parameters of non-isothermal oxidation (oxidation enthalpy) for n4/ could be compared only with the energetic
characteristics of aluminized energetic materials formulation (such as burning enthalpy and 1) but hardly
correlate with the kinetic ones (such as burning rate).
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