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INTRODUCTION

Nickel monosulÞ de is known to have two polymorphs: α- and 
β-NiS. The β-NiS (millerite), a common nickel ore, transforms to 
α-NiS at 397 °C upon heating (Kullerud and Yund 1962; Wang et 
al. 2006; Wang 2005). The high temperature phase, α-NiS, has 
a NiAs-type hexagonal structure and persists metastably under 
ambient conditions but has not been found in nature. 

Pentlandite and violarite are important nickel ores used as 
feedstock in ß ash smelting process to produce nickel matte (Dunn 
and Howes 1996). At relative lower oxidation temperatures, the 
α-NiS phase might occur through either decomposition of these 
iron-nickel ores or phase transition of millerite. Wang et al. 
(2005a) reported the formation of Ni17S18, a phase with a distorted 
α-NiS type structure, as a result of preferential oxidation of iron 
in monosulÞ de solid solution (Fe0.8Ni0.2S) in the temperature 
range 560�610 °C. Therefore, the investigation of α-NiS oxida-

tion could be of beneÞ t in understanding the thermal behavior 
of these economically important metal sulÞ des.

The oxidation behavior of economic nickel sulÞ de ores under 
heating schedules have been well studied (Banerjee 1976; Asaki 
et al. 1983, 1985; Wang and Salveson 2005). Metal sulÞ des oxi-
dize in a stepwise reaction sequence with increasing temperature. 
Different reactions in this sequence are governed by various reac-
tion mechanisms. These reaction mechanisms can be different 
for the same reaction, if undertaken at different temperatures. 
Oxidation studied under isothermal conditions, on the other 
hand, investigates the kinetic behavior during the oxidation at 
a constant temperature. Thus, the oxidation mechanism can be 
better understood using isothermal kinetic data and phase evolu-
tion evidence. In the current study, isothermal experiments were 
performed at 680 and 700 °C. Synthetic samples were employed 
to minimize the complexity caused by trace impurities. General-
ized mechanisms derived from the experiment may be used as a 
theoretic guidance for the analysis of natural samples.* E-mail: haipeng.wang@csiro.au
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ABSTRACT

The oxidation behavior of synthetic α-NiS in air has been investigated over the temperature range 
670�700 °C. The α-NiS was ground and sieved to give a particle size ranging from 53 to 90 μm. 
Three oxidation paths were observed:

(i) α-NiS + 3/2 O2 → NiO + SO2

(ii) 3α-NiS +O2 → Ni3S2 + SO2

(iii) Ni3S2 + 7/2 O2 → 3NiO + 2SO2

No Ni3S2 (heazlewoodite) was observed over the course of α-NiS oxidation at 670 and 680 °C. The 
dominant oxidation path at this temperature is path i. At 700 °C, however, all three oxidation paths 
were observed. As an intermediate oxidation product, Ni3S2 steadily exsolved from α-NiS, reaching 
a maximum quantity after about 80 min of oxidation, declining afterward, and approaching annihila-
tion at 160 min of oxidation. Experimental results show that the exsolution of Ni3S2 is likely triggered 
by the loss of one third of S in the α-NiS structure with the release of SO2 rather than by an intrinsic 
thermal decomposition of α-NiS to α-Ni1�xS + Ni3S2. The eventual annihilation of Ni3S2 was caused 
by a further oxidation of Ni3S2 to NiO. Oxidation paths 2 and 3 form a typical single chain reaction:

α-NiS Ni S NiO
3 2

k k1 2⎯ →⎯ ⎯ →⎯

The approximate values of k1 are k2 are 3 × 10�4s�1 and 5 × 10�4s�1 respectively.
Oxidation temperature was found to play important roles both in the oxidation kinetics and the 

oxidation mechanism. By decreasing 10 °C from 680 to 670 °C, the average reaction rate (dy/dt, where 
y is the reaction extent) over the experiment time scale almost decreased to one third of its original 
rate (from 3.3 × 10�5s�1 to 1.2 × 10�5s�1). The reaction mechanism in the temperature range 670 to 680 
°C is constant with Ea = 868.2 kJ/mol.
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