
Hot Corrosion of Silicon Carbide 
and Silicon Nitride 

The results of recent experiments are presented and discussed in detail in 

Appendix D. Important results are summarized below. 

The hot corrosion of silicon nitride and silicon carbide has been studied in 

presence of Na9SO4, under acidic, 1% SO9-balance oxygen initially and basic, 

pure oxygen, conditions in the temperature range 900-1000°C. During basic hot 

corrosion the salt wets completely the samples while during acidic corrosion it 

breaks up in droplets. The hot corrosion increases the rate of oxidation and the 

thickness of the oxide layers formed increases markedly from acidic (measured 

between the drops) to basic hot corrosion and both are greater than for dry 

oxidation. The oxide layers formed tend to be vitreous and devitrify rapidly 

under the liquid sulfate. For the purer materials devitrification was sparse and 

very limited in between the sulfate droplets under acidic conditions. In general, 

clearly different behaviors are observed for the pure materials under the two 

conditions. They are controlled by the activity of sodium oxide in the sulfate 

melt near the interface with the substrate. In all cases the materials oxidize and 

the oxide dissolved into the sulfate. For acidic conditions, the sulfate does not 

wet the oxide, and a surface activity of sodium oxide in equilibrium with the 

atmosphere is set up in between the sulfate droplets. The sodium diffuses into 

the vitreous silica and modifies it. 
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Under basic conditions, a thick product layer was formed and the NagSO4 

was consumed slowly in the reaction. The ceramics oxidize at their surfaces and 

the oxide dissolves into the sulfate melt. The Nag0 activity builds up at the 

interface and a silicate layer is formed. As the silicate enriches in silica, 

cristobalite is nucleated at the interface. After long exposures, the silicate 

phase remains on top of the silica and the sulfate left is in small isolated drops 

on top of the silicate. The melt contains a high concentration of silica initially 

as indicated by the wash water analysis and it has also been well documented by 

otherst5). The observations are consistent with the mechanism proposed by 

Mayer and Riley(S) except that the reaction is much slower with Nags04 than 

for NagCOS which they studied. Some protection is offered by this complex 

product layer since greater degradation was observed after preoxidation of the 

samples. 

Under acidic conditions (1.5~10-~ atm SOS), poor wetting and little 

reactivity with the salt were observed. However the oxidation was enhanced 

even between the sulfate drops. This oxide growth between the drops was studied 

in detail. The oxide formed was mostly vitreous. In these regions a very thin 

layer rich in sodium is detected (~10 A thick) and sodium diffuses into the silica 

formed. The silica layers formed under the sulfate droplets devitrified rapidly 

into cristobalite by spherulitic crystallization or random globular formation. 

They were thicker than the vitreous layer formed outside the drops except for 

the C-side silicon carbide for which these thicknesses were similar. The 

thicknesses of oxide formed under the drops tended to be similar for all three 

surfaces (CVD silicon nitride, C-side silicon carbide and Si-side silicon carbide) 

studied but they were still smaller than the product layers formed under basic 
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conditions. This is generally consistent with a mechanism determined by the 

liquid phase and therefore independent of the nature of the substrate surface. 

Indeed for the basic conditions and under the droplets for acidic conditions there 

was no more differentiation in the behavior of C-side and Si-side silicon carbide. 

A model was proposed for the formation of random cristobalite globules which 

correlates with the results obtained for the hot corrosion of bulk silica. Selective 

attack of the substrate occurs by transport through the liquid phase between the 

spherulite fibrils. 

The acidic hot corrosion which occurs between the sulfate droplets is 

essentially enhanced oxidation. The kinetics of this hot corrosion of silicon 

nitride are complicated apparently by the formation of oxynitride. Some evidence 

of this formation was obtained in this research. It is not clear presently how this 

thin layer formed during the oxidation slows down the oxidation so strongly. The 

silicon carbide has different behavior for the carbon-side and for the silicon-side. 

During the acidic hot corrosion they oxidize parabolically at different rates. 

Kinetic data and apparent activation energies were obtained for the hot corrosion 

of each side. In order to interpret these results, it was logical to modify a model 

for the oxidation of silicon carbide. However, a satisfactory explanation of the 

oxidation of silicon carbide had not been proposed. 

Based on the oxidation results of others, a model was developed on the 

premise that the parabolic oxidation is controlled by diffusion of oxygen through 

the oxide layers to the substrate interface. Although vitreous silica is formed in 

all cases, the different rates of oxygen transport are associated with different 

oxygen deficient vitreous structures produced in the oxidation of silicon, silicon 

carbide C-side and silicon carbide Si-side. Tentative mechanisms were proposed 

for the oxidation of the two sides of silicon carbide in which the oxides are formed 
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under different oxygen pressures and therefore are expected to have different 

defect structures. The observed trends in the variation of the parabolic constants 

for the acidic hot corrosion of these materials compared to their oxidation and 

that of silicon are predicted qualitatively by these models. High apparent 

activation energies such as those measured for hot corrosion are generally 

consistent with the models although that for the silicon-side of silicon carbide 

could not be estimated. 

The behavior of engineering materials is strongly influenced by the 

impurities they contain. MgO and Y3O3 tend to segregate toward the surface 

during oxidation and hot corrosion. They lower the acidity of the sulfate under 

acidic conditions so that wetting is improved and thicker oxide layers are formed 

as the conditions are more basic than promoted by equilibrium with the 

atmosphere. Conversely, the wetting is not as good under basic corrosion for 

these materials as for the purer ones. The impurities set conditions intermediate 

between those promoted by the equilibria with the atmospheres selected for the 

basic and acidic corrosion experiments. Alumina impurities in the silicon carbide 

do not segregate to the product layer formed on oxidation or hot corrosion. The 

alumina entering the oxide layer appears to stabilize it against devitrification. 

Great progress has been made in the understanding of the hot corrosion of 

silicon nitride and silicon carbide. The corrosion varies with environmental 

conditions and it was shown to be controlled by the activity of sodium. The 

behavior observed correlates well with the results on the hot corrosion of silica. 

In particular the major role played in the degradation of the scales by their 

devitrification is emphasized by these results. It was shown also that 

preferential attack occurred locally under acidic corrosion. Overall the hot 

corrosion of these materials is well understood qualitatively. The atomic 

mechanisms proposed for the oxidation and hot corrosion of silicon nitride and 

silicon carbide suggest directions for further studies. 


