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process. At the same time, free Si substrate was 
exposed to molten salts system and the oxidation 
reaction would follow. By repeating this 
oxidation-dissolution cycle, the active Si has been 
etched completely and the inert mullite whiskers has 
been grown continuously. This repeated oxidation-     
dissolution mechanism is different from the commonly 
accepted mechanism of mullite whiskers formation 
[13], raw material Si powders could be oxidized by 
SO3 which originated from the decomposition of 
Al2(SO4)3. Thus, mullite nuclei form in the mixture 
molten salts and mullite whiskers could grow 
continuously depending on oxidation-dissolution cycle.  

Al2(SO4)3      γ-Al2O3+3SO3         (1) 

Si+2SO3      SiO2+2SO2            (2) 

3γ-Al2O3+2SiO2      3Al2O3·2SiO2 (mullite)  (3) 

From thermodynamic point of view, one reaction 
could be estimated qualitatively according to the 
change free energy (ΔG) of this reaction. Thus, we 
calculated the effect of temperature on free energy 
change of reactions (1), (2) and (3), which are shown 
in Fig. 8. The data of G are obtained from Reference 
[17]. As far as chemical equilibrium is concerned, the 
smaller the value of ΔG, the larger the equilibrium 
constant k is, and the more the products are when 
equilibrium state is attained. Therefore, the reaction (1) 
can not process in the lower temperature range (ΔG > 
0), the reaction would start extremely vigorous when 
the temperature was reaching at 1023 K (ΔG <

 0). It is 
found that the free energy change of reactions (2) and 
(3) are negative in the whole temperature range, which 
indicated that reactions are spontaneous. From the 
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Fig. 6  EDS spectrum of samples S3 (a) and S5 (b). 
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temperature range of 0-1400 K, mullite whiskers form 
and grow controlled by reaction (1). This implies that 
mullite phase may spontaneously form once the 
temperature of the molten salts reaches the 
decomposition temperature of aluminum sulfate. 

The mixture molten salts contact with solid-state Si 
powders, which is converted in a short period under 
these conditions especially when they are liquid mixed 

in a molecular level, which will shorten the diffusion 
paths, so that the reaction kinetics need not be 
considerated. This principle is applied in our investiga-    
tions and the results are discussed in this paper. 

4  Conclusions 

Mullite whiskers were prepared from Si powders using 
molten Al2(SO4)3-Na2SO4 salts method. XRD, FT-IR, 
SEM and EDS studies showed that Al-rich mullite 
pellets and clusters of tiny mullite crystals were 
formed in the final product. In addition, the content of 
Al-rich mullite pellets increases with the R of raw 
mixture salts increasing. A new oxidation-dissolution 
mechanism was proposed to explain mullite whiskers 
growth. Thermodynamic calculation indicated that 
mullite phase may be spontaneously formed as the 
temperature reached the decomposition temperature of 
aluminum sulfate (1023 K). 
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Fig. 7  Schematic illustration of growth process of mullite whiskers. 

  
Fig. 8  Change of free energy ΔG for reactions (1), 
(2) and (3) depending on temperature. 
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