
Gaseous Corrosion 

Introduction 

The results from the gaseous corrosion studies will be discussed by considering 

first the studies of silica and alumina, and then the studies performed using Sic 

and Si3N4. 

Gaseous Corrosion of Silica and Alumina 

The gaseous corrosion of silica and alumina were performed at temperatures 

of 700, 1000 and 14000C in a number of different gas environments which included 

oxygen, 02-H20-H2, 02-CO2-CO and O2-SO2-SO3 gas mixtures (Table II). The 

results obtained from these studies are discussed in detail in Reference 1 and 

Appendix A. The specific conclusions developed from these studies are as follows: 

Silica 

(1) Devitrification of silica glass to cristobalite took place rapidly under all 

atmospheres studied at 14OOOC. The rate of crystallization increases with 

increasing temperature and time. 

(2) The devitrified layer undergoes a displacive transformation with a large 

volume change on cooling which causes cracking. Such a transformation in crystalline 

SiO2 is important with regards to the use of crystalline SiO2 scales on Sic, Si3N4 

and metallic alloys as protective barriers for high temperature applications. 

(3) The silica is significantly affected when exposed to low oxygen pressure 

at 1400°C. Silica weight losses occurred after exposure to either wet hydrogen 

or a CO-CO2 gas mixture and are related to the decomposition of silica in the 

low oxygen pressure and the reaction of either hydrogen or CO with silica to 

form SiO vapor and either H20 or CO2 gas. Weight losses increase with increasing 

temperature and decreasing oxygen pressure. 
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(4) No significant reaction of silica in CO2 or 02 was observed at all 

temperatures except for devitrification at 14OOOC. 

(5) Silica is very resistant to attack by SO2-SO3-02 gas mixture under the 

test conditions. 

Alumina 

(1) Alumina is resistant to attack by H2-H20-02 gas mixture but impurities 

in the alumina materials such as SiO2 and Na20 can result in volatilization. The 

volatilzation is favored by low oxygen pressures and high temperatures. 

(2) Alumina is very resistant to attack by CO2 gas. 

(3) Alumina is resistant to corrosion by SO2-SO3-02 gas mixtures. Some 

reactions occurred especially at high SO3 pressures (e.g. 7~10~~ atm. SO3) and 

low temperature (7OOOC). 

(4) Corrosion of alumina in SO3 containing gas can occur even on the highest 

purity alumina where reaction products with activities less than unity are formed. 

It may be due to the formation of a solid solution of Al2(SO4)3 with Al203 or a 

nonstoichiometric sulfate. The observed sulfur was identified as a ~+6 (as in 

sulfate) by ESCA. 

(5) Degradation of alumina in SO3 containing gas becomes more severe 

when Mg or Ca containing impurities are present, and it increases as impurity 

content increases. The formation of products occurs preferentailly along the 

grain boundaries (i.e., on the impurity second phases at the grain boundaries). 

(6) Corrosion of alumina in SO3 containing gas becomes more favorable at 

higher SO3 pressures and lower temperature (e.g. at 7000 than 1000°C), since a 

lower SO3 pressure is necessary to form sulfate at 700°C than at 1000°C. The 

severity of corrosion increases with time. 



14 High Temperature Corrosion of Ceramics 

Gaseous Corrosion of Silicon Nitride and Silicon Carbide 

The gas induced corrosion of Si3N4 and SIC was studied only at 1400°C in 

oxygen and at 1OOOoC in an 02 - SO2 - SO3 gas mixture with an initial SO2 

pressure of 0.01 atm. These limited studies were performed to determine if 

devitrification of the silica scales formed on these materials occurred at 1400°C, 

and to provide baseline data for comparison with the hot corrosion studies at 

1ooooc. 

The studies in oxygen at 1400°C showed varying results depending upon the 

form of the substrate material. In the case of the single crystal Sic 

crystallization of the silica scales was observed. These scales which were about 

1 urn thick after 12 hours of oxidation and cracked upon cooling to form star 

patterns that were believed to radiate from nucleation centers indicating the 

original nuclei of the crystallization of the amorphous layer into cristobalite. 

The silica scales which formed on the polycrystalline samples were thicker in 

most cases than those formed on the single crystals of Sic being about 10 urn 

after 12 hours of oxidation. The hot pressed silicon carbide exhibited a glazed 

surface and contained bubbles resulting from CO and CO2 evolution. The lack of 

crystallization was attributed to impurities, particularly Al2O3, stabilizing the 

glass structure. Some cristobalite was identified in these scales however by 

XRD along with a large “glass” peak. The hot pressed silicon nitride also formed 

a 10 urn thick scale which was composed of cristobalite and enstatite (MgSiO3). 

The CVD silicon nitride, which was much purer than the other silicon nitrides 

developed an extremely thin silica scale after 12 hours of oxidation. There was 

virtually no change in surface morphology of the oxidized specimens compared to 

specimens prior to oxidation and the weight change of specimens after 12 hours 

of oxidation was below the detection limits of the techniques used in this program 
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to measure weight change. No impurities were detected in these silica scales on 

CVD silicon nitride which XRD analyses showed to be a mixture of cristobalite 

and glass. The sintered silicon nitride developed a scale composed of glass 

containing some cristobalite. Yttrium silicate crystals were observed to protrude 

out above the surface of the silica scale. Impurities influenced the oxidation of 

this material substantially. 

The results obtained from the studies performed at 1400°C show that the 

oxidation of SIC and SiSN4 is dependent upon the structure and composition of 

the silica scales that are formed upon these materials. Glassy silica provides a 

more protective reaction product barrier than crystalline silica, however, the 

incorporation of impurities into the glassy silica can cause the protectiveness of 

the glass structure to be decreased very substantially by promoting devitrification. 

At 1000°C the pressure of SO2 and SO3 in the gas mixture along with oxygen 

did not significantly affect the oxidation of pure silicon nitride or pure silicon 

carbide compared to oxidation in pure oxygen. The major effect of SO2 and SOS 

occurred when the specimens contained impurities. While the effects of impurities 

were significant but not documented extensively, these effects were not as 

substantial as those observed at 1400°C, since the impurities cannot concentrate 

in the oxide scale at 1000°C and thereby affect the protective properties of the 

glassy silica scales. 


