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THERMODYNAMICS AND KINETICS OF THE SELECTIVE
OXIDATION OF NICKEL MATTE

Wei Shoukun and Hong Yanruo

(Beijing University of Iron and Steel Technology)
ABSTRACT

During direct winning of metallic nickel by blowing nickel matte with oxygen,
the key lies in removing sulphur and preserving nickel. In this paper, based on the
principle of selective oxidation a concept of transition temperature of oxidation was
introduced. Thermodynamic analysis showed that the condition for removing sulphur
while preserving nickel were:

1. The temperature of starting oxygen-blowing of nickel matte must be higher
than the trapsition temperatures of oxidation for sulphur and nickel at the specific
compositions of the nickel matte; and for the nickel matte with 20-25% S the starting
temperature should never be lower than 1350-1400°C.

2. With the decrease of sulphur content in nickel matte melt during blowing, the
transition temperatures of oxidation for sulphur and nickel increased correspondingly.
The blowing operation Should be run fast enough, so as to ensure that the rate of
increase in temperature of the melt would aiways be higher than the rate of increase
of the transition temperature of oxidation.

The transition temperatures of oxidation for sulphur and nickel could be calculated
in one step according to the reaction:

[S]+2Ni0,, , = 2[Ni] +S0;

Moreover, thermodynamic analysis showed that:

1. The copper in the nickel matte remained entireiy in the melt and was not
oxidized during blowing.

2. The iron in the nickel matte was oxidized most easily, but as soon as its
content droped down to about 0.8-1.0%, it could mot be oxidized further, and wouid
remain as residual iron in the melt,

3. Any cobalt in the nickel matte would remain as residual cobalt if its original
content was below 1%.
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By maintaining the optimum conditions for removing suiphur while preserving
nickel as deduced thermodynamically above, semicommercial experiments in 2 Kaldo
converter were conducted, with the result that sulphur in the matte could be
successfully reduced down to 1-2%. During the last stage of blowing, owing to the
slowing-down in diffusion of sulphur to the surface of the bath, a layer of NiO was
seen accumiuiating on the surface. Running the converter without oxygen-blowing was
taken to eliminate the NiO-layer and promote further lowering in sulphur. The direct
recovery of nickel was above 90%, while the total recovery of nickel was higher than
95%. The loss of nickel was found mainly due to volatilization of the oxide or metal.

Thermodynamic prediction of residual copper, iron and cobait in the meral mett
was also experimentlly confirmed.

Kinetics analysis showed that the diffusion of sulphur in the melt was the rate-
controlling step for the desulphurization of nickel matte. The mass-transfer and
diffusion coefficients (§ and D) have following relations regarding temperature (T)

respectively:
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