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Abstract

For many geochemical systems, reaction kinetics determines the system’s current status
and evolution. It might also be the key to unraveling their thermal history. In metal
sulfide systems, kinetic studies have been carried out on four sets of solid-state
transitions/transformations in Fe-Ni-S and Ni-S systems. In this work, a new kinetic
model, the Refined Avrami method, has been developed to account for reactions
involving changes in reaction mechanisms. Nonstoichiometric compounds are commonly

present in these reactions.

The exsolution of pentlandite from the monosulfide solid solution (mss) is an important
reaction in the formation of nickel ores. For near equimolar mss compositions, the
reaction rate is rapid even in the low temperature ranges. For bulk composition
Feo.77Nip.19S, the experimental results show the reaction rates (mss — pentlandite) vary
from 1.6x10° t0 5.0x107 s™ at 200 °C and from 9.4x10° to 4.1x 107 s™* at 300 °C. The
activation energy, E,, varies during the course of reaction from 49.6 kJ.mol™ at the
beginning of reaction (nucleation mechanism is dominant) to 20.7 kJ.mol™ at the end

(crystal growth mechanism is dominant).

Monosulfide solid solution (mss) is a common intermediate phase observed during the
oxidation of nickel ores, such as violarite and pentlandite. The investigation of mss
oxidation is of benefit in understanding the thermal behavior of economically important
metal sulfides during smelting. The oxidation products of mss vary in our samples
depending on their compositions. Apart from the common oxidation products hematite
and Ni7S;s, Fe2(SO,4)3 was observed during the oxidation of Fe;¢Sg, and pentlandite for

Fes.15Ni154Sg. The activation energy was determined using a model-free method. The



oxidation of Feg 4Niy ¢Sg exhibited a higher E, than Fes 15Ni; 54Sg over the course of the
reaction. The E, increases with reaction extent (y) from 67.1 to 103.3 kJ.mol™ for mss

composition Feg1sNi15:Ss and from 76.1 to 195.0 kJ.mol™ for Feg.4Niy ¢Ss.

The kinetic study of the a-Ni;.x<S — £-NiS transition shows that initial compositions of -
Ni1-xS plays an important role in the kinetics of the transition. The activation energy (E,)
for this a- to B-phase transition is 16.0 (+ 0.5 ) kd.mol™ for NiS in the temperature range
70 to 150 °C, and 13.0 (£ 0.5) kJ.mol™ in the temperature range 250 to 350 °C. For
Nig.07S, however, E, deceases from 73.0 (£ 0.5) to 17.0 (+0.5) kJ.mol™ over the course
of the reaction in the temperature range 300 to 320 °C. The relationship between E, and
extent of transition (y) for the initial bulk Nig 7S was derived using the Refined Avrami
method. For Ni deficient compositions, a-Nii«S, the transformation to 4-NiS is
accompanied by the exsolution of either a progressively more Ni deficient a-Ni;«S and

Ni3S4, and the reactions become more sluggish for more metal deficient compositions.

The study of oxidation kinetics of a-NiS is of metallurgical interest, as a-NiS related
phases may occur when nickel ores are flash smelted to produce nickel matte. In an open-
air environment, the oxidation mechanisms of a-NiS are constant at 670 and 680°C,
dominated by the direct oxidation of a-NiS — NiO. The dominant oxidation mechanism
changes to a chain reaction: o-NiS —%— NizS; —2— NiO at 700°C. Therefore,
different kinetic models need to be applied to these two distinct reaction mechanisms.
Activation energy for the oxidation, a-NiS — NiO, in the temperature range 670 to 680°C
was calculated to be 868.2 kJ.mol™ using Avrami/Arrhenius method. Rate constant k; and
ko are approximated to be 3x10™ s™ and 5x10™ s for the first part and second part of

the chain reaction respectively at 700°C.



The study of the variation in reaction rate with oxidation time illustrates the optimum

oxidation time zone for each temperature, where NiO can be produced at the fastest rate.
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