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1. Introduction

Silicon has a eutectic transformation with aluminum and
can reduce its melting temperature. On the other hand, due
to the production of the TisSis compound, it can be
effective in increasing the oxidation resistance of
compounds and composites containing titanium
aluminide. Therefore, in this research, by the addition of
different amounts of silicon to TiO, and Al raw materials,
it was tried to check whether silicon can help to form the
oxidation-resistant phase of TisSiz. Also, the current
research investigated that in what proportion of raw
materials and with what morphology this phase can be
created. The results showed that when silicon is added to
the system in small amounts, it not only has a positive
effect on the reactions but also prevents the formation of
titanium aluminide compounds. As its percentage
increases, it leads to the formation of the titanium
aluminide compounds and also leads to the formation of
the TisSis phase. This phase changes from a discrete
morphology to a continuous state while the percentage of
silicon increases more. By increasing the amount of
silicon, the TiSi, phase is formed, which is dispersed
throughout the sample with a string-like structure.

2. Experimental

In the first stage, thermodynamic studies were done with
the help of HSC Chemistry 5.11 software. To achieve this
goal, it was assumed that the molar ratio of 1:2 of titania
and aluminum is available in the raw materials and 0.01
of silicon is added to them in 21 steps. Equilibrium
compounds were calculated at 950°C.

In the following, for the practical investigation of the
effect of silicon on the reactions resulting from TiO; and
Al raw materials, molar ratios of 0.1, 0.28, 0.6, and 1 mol
of powdered silicon (<5 pum, >99%) to a mixture with a
ratio of 1 to 2 of aluminum and titania powder (<10 pm,
>98%) was added. The selection of the above molar ratios
was based on the silicon-aluminum binary diagram and
the ratio of aluminum in the mixture of raw materials.
Then, from the resulting mixture, the samples were

prepared in the form of a cylinder with a diameter of 1 cm
and under a pressure of 140613.916 kg/m?, and then the
obtained samples were heated at a temperature of 950°C
in an argon atmosphere. The heat treatment was
conducted for 5 hours.

3. Results and Discussion

Equilibrium compounds were investigated at 950°C
(Figure 1). As can be seen in this figure, it is expected that
titanium aluminide phases will be formed first, and then
TisSis, TiSi, and TiSi, phases will be formed by increasing
the amount of silicon.
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Figure 1: The equilibrium compositions of the titania,
aluminum, and silicon system at 950 °C.
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Figure 2: Electron microscope images for samples
containing molar ratios of 1 to 2 of TiO2 and Al to which
the molar ratio of @) 0, b) 0.1, ¢) 28/ 0, d) 0.6 and e) 1 of Si

were added and heated at 950°C for 5 hours.

Research has shown that among titanium aluminides,
TiAlz has the highest tendency to form due to having the
minimum standard Gibbs free energy. This issue is also
seen in the results obtained in the current research (Figure
2a). This figure shows the sample containing titania and
aluminum, which has been heated for 5 hours at 950°C.
As can be seen in this picture, due to the reaction of TiO;
and Al, TiAlz and Al,O3 phases have been formed. With
the addition of 0.1 silicon to the system, the amount of
TiAl; formation decreased drastically and it seems that 0.1
silicon hindered the progress of titanium aluminide
production reactions (Figure 2b). But with increasing the
amount of silicon, due to the availability of sufficient
silicon for aluminum, the need to penetrate at long
distances is excluded, and therefore, aluminum and
silicon dissolve faster, and by reducing the melting
temperature, it is possible to produce titanium aluminide

compounds (Figures 2c and 2d). As the amount of silicon
increases, first, the TisSiz phase (Figures 2c and 2d)
increases and as the amount of silicon continues to
increase, the TiSi, phase (Figure 2e) appears in the
structure. Also, in the beginning, the TisSiz phase is
formed in the form of islands (Figure 2c), and with the
progress of its production rate, interconnected networks
are formed from this phase (Figure 2d).

Next, XRD analysis was used to determine the type of
phases formed in each sample. The results of this test are
given in Figure 3. As can be seen in this figure, from the
reaction of 1 to 2 molar ratio of titania and aluminum, only
TiAls is produced and there is no trace of other types of
titanium aluminide. With the increase of 0.1 mol of
silicon, the raw materials TiO, and Al are clearly
recognizable and silicon is an element without any special
reaction in this analysis. By increasing the amount of
silicon to 0.28 mol, while a large amount of TiAl; was
formed, the TisSis phase was also formed. The intensity
of the peaks of this phase increases with increasing the
amount of silicon in the sample to 0.6, and it decreases
with the amount of 1 mole of silicon. Instead, the TiSi»
phase appears in the sample containing 1 mole of silicon.
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Figure 3: XRD results prepared from samples containing
1 to 2 molar ratios of TiO2 and Al, to which the molar
content of a) 0, b) 0.1, ¢) 0.28, d) 0.6 and e) 1 of Si were

added respectively. and subjected to heat treatment at
950°C for 5 hours.

4. Conclusion

In this research, the effect of silicon on the production of
titanium aluminide compounds from TiO, and Al raw
materials was investigated. The results showed that when
silicon is added in small amounts to the system, not only
it does not have a positive effect on the reactions, but also
it prevents the formation of titanium aluminide
compounds. By increasing the si content it helps the
formation of TisSi; phase. TisSiz phase changes from
discrete to continuous morphology with increasing silicon
percentage. If the amount of silicon increases more, the
TiSi, phase is formed, which is dispersed throughout the
sample with a string-like structure.
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The Effect of Silicon on Formation Reactions of Titanium Aluminide Intermetallic Compounds

Razieh Khoshhal Seyed Vahid Alavi Nezhad Khalil Abad

Abstract In this article, an attempt was made to investigate the effect of the addition of silicon on the titanium aluminide
compound formation from TiO, and Al raw materials. Silicon has a eutectic with aluminum and can reduce its melting
temperature, which can have effective impact on the formation of titanium aluminide compounds. On the other hand, due
to the production of TisSiz compound, it can be effective in increasing the oxidation resistance of compounds and
composites containing titanium aluminide. With this aim in mind, the present paper has strove to determine the impact of
this element on the formation of titanium aluminides and the type of titanium silicide phases by adding different amounts
of silicon to TiO; and Al raw materials. The key findings emerged, showed that when silicon is added to the system in
small amounts (0.1), it not only does not have a positive effect on the reactions, it also prevents the formation of titanium
aluminide compounds, but with an increase in its percentage (0.28), it also causes the formation of these titanium
aluminide compounds and leads to the formation of TisSis phase. This phase changes from a discrete morphology to a
continuous state as the percentage of silicon increases (0.6). With a further increase in the amount of silicon (1), the TiSi»
phase is formed, which is dispersed throughout the sample with a string-like structure.

Key words Titanium aluminide, Silicon, Intermetallic compounds, Mechanism
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