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HE Fe-Ni DISTRIBUTION BETWEEN PENTLANDITE
AND MONOSULFIDE SOLID SOLUTION EQUALIZED AT
JOW TEMPERATURE
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\bstract

Two mixtures of pentlandite and the monosulfide solid solution (mss} have been synthesized.
he bulk compositions of the samples are Fe Ni S, and Fe Ni S, Differential scanning cal-
rimelry detected exothermic process in the samples under heating, The process takes place in
:mperature range between phasc transition in the mss (near 400 K} and 690 K and is governed by
ilfusion.

X-ray powder diffraction has showed that equilibrium Fe-Ni distribution between pentlandite
nd the mss is achieved after short-time heating up 1o 670 K.
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ntroduction

The phase relations in the central part of the Fe-Ni-S system were investigated
ntensively to establish the temperature which defines an equilibrium in the natural
aineral asscmblages. To solve the problemn, the charges of various chemical compo-
itions arc heated up (o the preset temperature and then quenched, The resulting
amples are inferred to represent the phase relations at the quenching temperature.

This procedure was used o investigate the phase relations at different tempera-
Jres: between 600 and 250°C [1]; 604, 500, and 400°C | 2]; 600, 500, 400, 300, and
30°C |3]; 300, 275, 250, 225, 200, 175, and 150°C [4]. The result of the investiga-
ions is information of two types: i) phase assemblages (how many and what phases
oexist) and ii) chemical compositions of the phases (tie-lines on the phase dia-
Tam).

Decay of the monosulfide solid solution (mss) was investigated by differential
canning calorimetry [5]. This solid-state chemical reaction was found to proceed at
nusually low temperatures (helow 200°C). One would expect that the compositions
1 the phases can reach equilibrium at even lower temperatures.

The objective of this work was Lo elucidate the question whether the Fe-Ni dis-
ribution between pentlandite and the mss is the result of ion-¢xchange rcaction gov-
rned by diffusion.
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Experimental

High purity Fe, Ni and § were used to synthesize the samples of FegNisS, and
FesNigSy composition. After synthesis, the samples were cooled slowly down to
room temperature, without being quenched. The synthesis and the samples synthe-
sized are descrihed in [6]. The FegNiaSq consists of pentlandite Fes 5eNis 135g¢ (90%)
and the mss Feg oqNig 038 (10%), the Fe;NigSy consists of pentlandite Fes ogNig o755
(92(7{)) and the mss FC()_}(Ni()‘({;S (8(‘/0)

Calorimetric measurements were carried out in standard aluminum crucibles
with a DSC-111 (SETARAM). All the samples were crushed o pewder. The
FeeNisSg (518.1 mg) and the FeyNigSg (526.0 mg) were analyzed in the temperature
range rom 300 1o 690 K in two slcll)s. From 300 10 460 K, the samples were mea-
sured with a heating ratc | K min~. After heating had ended, the isothermal cal-
orimetric signal was mecasured. Thereafler the temperature was lowered down to
445 K. From 445 to 690 K, the samples were measured with a heating rate
1.5 K min~'. Al 690 K, the isothermal measurements were carricd out again. The
bascline lor the scanning heating was measured and the resulls of the experiments
were cvajuated as heat capacity.

Equal parts of the FegNizSg and the FeaNigSg were mixed in a mortar and erushed
to powder. The mixlure was used in calorimetric and X-ray powder diffraction ex-
periments, Part of the mixture of 428.7 mg in mass was measurced in the calorimeter
from 300 to 920 K with a hcating rate 6 K min“!. Tswo other specimens were used in
X-ray powder dilfraction analyses. One sample was analyzed immediately and the
other one after a short-time heating to 670 K.

X ray powder diffraction patterns were taken at room femperature hy using
CukK,,.

Results

Heat capacilics of the FegNiaSg and FesNigSg are in Figs 1 and 2. Both samples
chow an endathermic peak in the temperature range {rom 300 to 460 K. This is the
phase transition in the mss [5]. The peaks of the FegNizSg and FeaNigSg differ in tem-
perature by 40 K. There is an exothermic peak in the temperature range [rom 445 10
690 K. The results of the measurements in the low-temperature parl do not interface
to those in the high-temperature one. Heat capacity at the end of the first curve is less
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Fig. 1 Heat capacity of the Fe,Ni,S,
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Fig. 2 Heat capacity of the Fe,Ni S,

han that at the beginning of the second curve. The dilference 1s caused by a heat re-
casc in the samples.

This heat release was observed directly in isothermal measurements (Figs 3 and 4).
A\t the very beginning of the measurements of the FesNigSg al 460 K the signal was
sut of scale and the data had been in part lost. The first 200 s is the time when the
icat flows in the calorimeter change rom scanning heating to isothcrmal state.
Fhese data are to be ignored. The isothermal signal at 690 K is nearly constant. At
60 K, the signal changes in time like decreasing exponential function. The heal re-
ease relaxes. A differential scanning calerimelter is not a suitable device Lo investi-
rale profonged isothermal process. The baseline is hard to be measured and an am-
itude value of the heat release is out of discussion. For 1500 s, i.e. from 300 1o
1000, the heat release decreases by 0.35 mW lor the FegNisSg and by 0.6 mW for the
“e3NigSg. Heat capacily at scanning heating is Cp=AW/mB. Here AW is the cal-
wimetric signal, m is the mass of the sample and B is the heating rate, The values
.35 and 0.6 mW for calorimetric signal correspond to the decreases in heat capacity
)y 0.04 and 0.07 T g~ K" Low- and high-temperature curves of heat capacity differ
wy approximately 0.12 and 0.25 1 g" K~ for the FegNizSy and FesNigSg, respec-
ively. So, the scanning and isothermal measurements agree with cach other.

X-ray powder diffraction patterns of the mixwure FegNiySg+Fe3NigSy are shown
n Figs 5a (initial) and Sb (heated). The unit cell parameters both of pentlandite and
[ the mss depend on composition and they are different for the samples in question
6]. This is a rcason why the reflections of pentlandite in the initial mixture are splil.
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Fig. 3 Isothermal calorimetric measurements of the Fe Ni,S,
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Fig. 4 Isothermat calorimetric measurements of the Fe,Ni 8,
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Fig. 5§ X-ray powder diffraction patterns of the mixture Fe Ni S, +Fe,Ni S, (a) before and (b)
after short-time heating up 10 690 K. The arrows indicate the reflections of pentlandite.
The sign ‘+” shows reflection (022) of the mss
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Fig. 6 Heat eapacity of the mixture Fe Ni, S, +Fe,Ni S,

Those of the mss differ more significantly but are weak in amplitude. The reflections
become single and sharp after heating to 690 K. All the compositivns have been
cqualized.

The results of calorimetric measurements of the mixture are shown in Fig. 6. One
can see two peaks one by one below 460 K and no others up to 900 K. The compo-
sitions of the phases in the FegNi;Sg+FesNigSg mixture were equalized without en-
dothermic transformations.
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Discussion

We have investigated the changes in Fe—Ni distribution between pentlandite and
the mss by means of calorimetry. X-ray powder diffraction is uscless here because it
does not distinguish the phase transition from the change in composition. The phase
transition docs take place near 400 K. X-ray powder diffraction is applicable 1o the
mixture containing two pentlandiles and two species of mss that differ in composi-
tion. The Fe~Ni distribution is equalized between various sorts of the phase and be-
tween different phases as well. All the changes in composition begin just after the
phase transition in the mss and last for some time that depends on the lemperature.
This is typical of diffusion process.

The changes in the Fe-Ni distribution between pentlandite and the mss under
heating start after the phasc transition in the mss. One would expect that the distri-
bution at room temperature is governed by the phenomenon related with the phase
transition as well.

The heat release is much more intensive in the FesNigSg as compared to that in
the FegNiaSg. The crystalline structure of the mss is not known but ought 1o be simi-
lar to that of hexagonal pyrrhotite | 7]. Iron atoms in pyrrhotite occupy octahedral po-
sitions. Atomic radii of Ni* and Fe™ in oclahedral coordination are 0.069 and
0.0778 nm (iron in high-spin state) [8]. Small Ni** atoms diffuse through crystal
structure faster than Fe** atoms. The FeaNigSg contains less iron atoms than the
FegNizSg. This mukes the process in the FesNigSg more active.

Conclusions

I. Exothermic process was detected in the mixture of pentlandite and the mss un-
der heating. Tt takes place in the temperature range between the point of the phase
transition in the mss (near 400 K) and 680 K. The process is controlled by diffusion.

2. The Fe-Ni distribution between pentlandite and the mss was found to equalize
in the temperature range where the exothermic process takes place.

* ok Xk
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