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1. Introduction

In the iron-silicon system, there are at least five well-
known compounds of iron and silicon; Different methods
have been used to produce this category of materials. Each
researcher has reported different phases based on the
technique used. In this research, the effect of changing the
percentage of silicon on the possible reactions and phases
between iron and silicon is investigated and by comparing
the results by thermodynamic theoretical predictions, the
iron-silicon reaction system was discussed.

2. Experimental

HSC Chemistry 5.11 software was used for the
thermodynamic studies. To evaluate the practical
reactions of the iron-silicon powder system, at first, the
molar ratios of 0.5, 1, and 2 moles of silicon were mixed
to 1 mole of iron. Then, 2 g samples were prepared from
the mixture, in the form of a cylinder with a diameter of 1
cm, and then, the samples were heated at 800, 900, and
1000°C in an argon atmosphere.

3. Results and Discussion

For thermodynamic studies, the equilibrium phases of the
iron-silicon system were investigated. As shown in Figure
1, the FesSi phase is initially produced by the addition of
silicon to iron. By increasing the amount of Si, very small
amount of FesSis is produced, which is not significant
compared to the FeSi content. Finally, with a further
increase in the silicon content, the FeSi percentage
decreases while, the amount of FeSi, increases.

Practical study of the molar ratio of 1 to 0.5 of iron and
silicon reactions. According to Figure 1, the FesSi phase
was predicted to form first and then the FeSi phase
produces. These results are well consistent with the results
obtained in reality. As shown in Figure 2, at
800°C, no specific reaction took place between the silicon
and iron raw materials, but as the temperature increased
to 900°C, both thermodynamically predicted phases were
visible in this XRD result. However, with a further
increase in temperature, the FeSi phase is eliminated.
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Figure 1: Equilibrium phase diagram calculated for the
iron-silicon system by the addition of silicon to iron

(HSC software).
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Figure 2: XRD results of iron and silicon with the molar
ratio of 1 to 0.5, respectively, heat treated for 3 hours at
800, 900 and 1000°C.

Practical study of the molar ratio of 1 to 1 of iron and
silicon reactions. According to Figure 1, the FesSi phase
was predicted to be the first phase which was crystallized,
and the FeSi phase forms in the following. These results
are well consistent with the results obtained in the reality.
As shown in Figure 3, at 800°C, no specific reaction took
place between the silicon and iron elemental powders, but
as the temperature increased to 900°C, both
thermodynamically predicted phases were visible in this
XRD result. However, with a further increase in
temperature, the FeSi phase is eliminated.

The XRD result of the iron and silicon samples with
molar ratio of 1: 2, heat treated for 3 hours at 800, 900 and
1000°C is shown in Figure 4. As shown in this figure, at
the temperature of 800°C the raw materials are detectable.
At 900°C, the FeSi phase forms in the microstructure.
With further increase in temperature to 1000°C, FeSi,
phase is also forms in the structure.
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Figure 3: XRD result of the iron and silicon samples with
the molar ratio of 1: 1 heat treated for 3 hours at 800, 900
and 1000°C.
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Figure 4: XRD result of the molar ratio of 1: 2 of iron and
silicon heat treated for 3 hours at 800, 900 and 1000°C.

Practical study of system reactions with 1 to 2 molar
ratio of iron and silicon. The electron microscope was
used for further investigation. The obtained results are
given in Figure 5. EDS analysis was also used to
determine the approximate percentage of elements in each
phase. The results showed that in sample A, Fe3Si phase
was formed. In the Figure 7b, relatively equal values of
the molar ratio of iron and silicon approved the formation
of FeSi phase, and in part ¢, FeSi, phase was detected
along with FeSi in the sample. Of course, in all samples,
a few amounts of raw material phases are also visible.
These results also confirm the previous studies.

Figure 5. Scanning electron microscope images of
samples containing molar ratios of a) 1 to 0.5, b) 1 to 1,
and c) 1 to 2 of iron and silicon exposed to heat for 3
hours at 1000°C.

4.Conclusion

In this study, the results of thermodynamic studies
showed that initially FesSi phase is produced by the
addition of silicon into iron. By increasing the amount of
Si content to the molar ratio of 1:1, FeSi produced.
Finally, with further increase in silicon, the amount of
FeSi decreased while, FeSi, increased. The practical
results were largely in agree with the thermodynamic
predictions calculated in this study.
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