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spalled, aluminium oxide film covering the powder particles. For 
any aluminium based pre-alloyed powder or elemental powder 
mixture the appearance of a liquid phase during sintering results 
from the presence of alloying elements, like Cu, Mg, Zn, Sn, 
forming low melting point alloys with Al. In the case of high pu-
rity aluminium powder, however, the formation of a liquid phase 
below the melting point of Al requires a nitrogen atmosphere that 
can exothermally react with aluminium and, in this way, locally 
heat the material above its melting point. Thermal analysis DTA, 
TG, DSC and dilatometry experiments performed on aluminium 
powder in a high purity nitrogen atmosphere [2,3,20-25] indicate 
both strong exothermic reactions and densification occurring at 
a high rate, which is specific to liquid phase sintering. 

It is well known in industrial practice that nitrogen of high 
purity and low dew point is a particularly well suited sinter-
ing atmosphere for aluminium. As was proved experimentally 
[2,3,20,24,25], the reactions of aluminium with nitrogen pro-
ducing aluminium nitride AlN are responsible for the effective 
sintering of this metal. Of course, the reaction may be induced 
if there is direct contact between the metallic aluminium surface 
and nitrogen. As shown earlier, thermal stresses and polymorph 
transformation of alumina are responsible for disruption of 
the alumina layer. Since immediate re-oxidation of exposed 
aluminium tends to occur, the reaction of aluminium with 
nitrogen may become possible when the aluminium oxidation 
reaction is suppressed, which, in turn, requires extremely low 
oxygen partial pressure. The latter may be achieved in the in-
terior of the sintered compact due to self-gettering, where the 
outer part of the compact acts as a getter [2,3,20,25]. Thus, the 
reduction of oxygen partial pressure below the critical level 
and thermal destruction of the alumina film, creating fresh 
aluminium surfaces within the pores, can allow nitrogen gas 
to react with aluminium. It may also be added that, although 
aluminium has a high affinity for oxygen and is preferentially 
oxidised over nitriding, the formation of the oxide layer is not 
only controlled by thermodynamics. As LECO analysis showed 
[2,3,24,25], significant aluminium nitriding evolved within the 
internal part of the compact is accompanied by a slight oxidation 
(Table 3). Both aluminium nitriding and oxidation are highly 
exothermic reactions. 

TABLE 3
Oxygen and nitrogen contents within the external and internal zones 

of the sintered aluminium specimen [25]

Zone of the sintered 
compact

Oxygen content,
[mass %]

Nitrogen content,
[mass %] 

External layers 1.64 – 4.03 0.015 – 0.354
Interior 0.49 – 1,42 0.855 – 4.290

The amount of heat generated due to the exothermic 
reactions may be estimated by evaluation of the DSC curve 
registered during isothermal sintering of aluminium in nitrogen 
(Fig. 1). It should be noted that both shrinkage and release of 
heat proceed isothermally if the furnace temperature is taken 
into consideration. 
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Fig. 1. Detailed DSC curve for isothermal sintering of tap density alu-
minium powder layer, temperature 620°C, nitrogen 5N [24]

Integrating the area below the exothermal peak gives 
the value of 1473 J/g. Since the specific heat of aluminium is 
0.9 J/gK, about 45 J of energy is sufficient to raise the tempera-
ture of 1 g Al by 50°C. Hence, only ~3% of released energy is 
sufficient to increase locally the temperature within the sintered 
aluminium above its melting point. In spite of the width of the 
exothermal event, ~37 min., the melting point of aluminium 
may locally be exceeded. Dilatometry investigations and met-
allographic analysis [3,25] fully confirm this assumption. The 
microstructure of the internal part of the aluminium compact 
sintered in nitrogen is shown in Figure 2.

Fig. 2. Microstructure of the interior of an aluminium compact sintered 
in nitrogen. Isothermal sintering temperature – 620°C

It should be added that the amorphous-to-crystalline trans-
formation in alumina is also exothermic, but, with enthalpy 
change only of the order of –50 J/mol, it is not expected to be 
a significant source of energy. There is, however, a report that 
documents local interfacial melting of aluminium due to the 
amorphous alumina transformation [26].
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