
Hot Corrosion of Alumina 

The results obtained from the studies on the hot corrosion of alumina are 

presented and discussed in detail in Appendix C. In the following important 

results are summarized. 

The weight changes measured after hot corrosion of the aluminas were 

small but not negligible. They were due to offsetting reactions such as the 

solution of Al203 into the sulfate melt, the silica and silicate precipitation 

mostly due to impurity phases and the precipitation of Co0 at 7OOoC in pure 

oxygen. In general the weight changes appear greater than for gaseous 

corrosion. 

The sulfate tended to wet the aluminas partially at 7OOoC under acidic 

conditions (~20~ after 24 hours). The wetting of the purer aluminas decreased as 

a function of time apparently as some alumina dissolved into the sulfate and 

reduced the affinity of the sulfate for the alumina substrates. At higher 

temperature (lOOO°C) under similar conditions the wetting improved a little. 

The wetting was better at 1000°C under basic conditions than under acidic 

conditions as the impurities tended to increase the wetting tendency. The wetting 

is an indication of the reaction tendency of the sulfate with the substrate. Good 

wetting results in more contact area between the sulfate and the substrate which 

also promotes the corrosion. 

The single crystal alumina tended to react very little with the Na2S04 and 

in line with the gaseous corrosion results more reaction occurred under acidic 

conditions than under basic conditions. The single crystal has basal orientation. 

The corrosion of the polycrystalline aluminas indicated that the corrosion of the 

grains is a function of orientation, with greater attack of planes away from the 
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basal orientation. This result is expected for solution of a single crystal in a 

melt. 

Under acidic conditions, at 7OOoC sulfates of aluminum and magnesium 

were formed and after long exposures globular silica was observed on all 

polycrystailine materials. This shows that under the most acidic conditions the 

silicate impurities are attacked by the melt generating sulfates and precipitating 

silica. The required solubility gradient is set for continued dissolution of alumina 

by acid fluxing and precipitation of silica. The precipitation of silica globules, 

probably cristobalite, occurs in the sulfate melt away from the interface with 

the substrate and is not related to the microstructure of the substrate. The 

corrosion is concentrated near the grain boundaries at 700°C and occurs on a 

wider scale at 1OOOoC. At the higher temperature the regions under the sulfate 

melt are smooth with no marked preferential attack at the grain boundaries. At 

1000°C magnesium sulfate and calcium sulfate are formed and alumina is 

incorporated in sodium aluminum silicates. 

Under basic conditions significant corrosion occurred at 700 and 1000°C. 

At 1000°C sodium magnesium aluminum silicates and sodium calcium aluminum 

silicates were formed. The salt on cooling contained Mg, Al and some Ca. The 

attack of the alumina grains was limited under the more basic conditions overall 

at 1000°C and significant intergranular corrosion was evident in the 

micrographs. 

The impurities played a major role on the corrosion behavior of the 

polycrystalline aluminas, particularly at high temperature (lOOO°C), in pure 

oxygen (basic conditions). While there was little evidence of basic fluxing of the 

single crystal, the high Nag0 activities promote reaction with the silicates 

present at the grain boundaries of the polycrystalline materials. Sodium 

aluminum silicates grew from the melt with transport of silica and other oxides 
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along the grain boundaries. This is illustrated by the perfect decoration of the 

grain boundaries of high purity polycrystalline alumina with crystals of this 

silicate after long term cyclic exposures. Some magnesium was present in the 

silicates formed near triple points. With the more impure aluminas more silicate 

was formed and the crystals contained various alkaline earth elements and 

potassium which were present as impurities in the materials. While this fluxed 

growth of silicate crystals feeding from grain boundaries and impurity grains is 

interesting, it plays a fundamental role in the corrosion of the alumina. It is 

proposed that the impurity reactions which form sodium silicates lower the Na30 

activity and raise the SO3 locally in the melt. This more acidic Na3S04 then can 

dissolve the alumina grains by formation of sulfate in the melt by acidic fluxing. 

The two reactions, the grain reaction and the grain boundary reaction will 

proceed cooperatively, as the ion needed for one is produced by the other. 

Therefore a fundamental mechanism is proposed for the hot corrosion of 

polycrystalline alumina in which the impurities play a major role. As shown 

above they have a major influence even on 99.8% purity alumina, which means on 

most technical ceramics. This may apply also to alumina scales grown on 

coatings on superalloys but in a general manner since they do not contain silica- 

based impurities for which the following mechanism applies. 

Under acidic conditions, the sulfate tends to dissolve the alumina even 

though conditions are not favorable for the formation of aluminum sulfate at 

unit activity. The alumina is dissolved by acid fluxing. The formation of 

aluminum sulfate in the field of stability of alumina was already observed in the 

gaseous corrosion experiments. In a sulfate melt a wide range of activities can 

be established locally. Under basic conditions little or no attack of single crystal 

alumina was observed although basic fluxing should be possible, particularly at 

high temperature (more basic conditions). However this is not promoted in 
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presence of silica-based impurities which are present at the grain boundaries and 

as second phases in the polycrystalline aluminas. The impurities modify the local 

conditions so that intermediate activities favoring the attack of the silicates and 

the dissolution of the alumina in the sulfate prevail under the acidic and the 

basic conditions of this study. Under acidic initial conditions, set by the gaseous 

environment, the sulfate tends to dissolve alumina and as this is done the 

activity of Nag0 in the sulfate is increased. This promotes the attack of the 

silicates which are dissolved in the sulfate thus decreasing the Nag0 activity. 

The two reactions can proceed cooperatively. At 700°C the activity of Na70 

was always too low to form sodium silicates and SiO7 is precipitated. At 

1000°C, higher Nag0 activities are generated by the same mechanism and 

sodium aluminosilicates are formed. Under basic initial conditions, the sulfate 

melt tends to attack the acidic impurity phases, thus promoting the dissolution 

of neighboring alumina by acid fluxing. The two reactions proceed cooperatively 

as discussed earlier. 

The mechanisms just presented explain that the polycrystalline aluminas 

were attacked under both acidic and basic conditions of the experiments, 

however the processes are extremely slow and there was no experimental 

evidence of catastrophic attack even after 400 hours exposure. Under the 

circumstances one may ask if any of the proposed mechanisms would lead to slow 

continuous attack without replenishment of the salt although acidic conditions 

provide some of the requirements. However in view of the rate of attack by 

sodium sulfate it appears that in many industrial processes in which it could be a 

factor the sulfate will be replenished before it might become saturated or 

depleted. Higher temperatures might increase the rate of corrosion and basic 

conditions might become predominant under usual (percent or less) sulfur 
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concentrations in the atmosphere, however the sulfate vapor pressure then will 

limit the corrosion since sulfate deposits are no longer formed at higher 

temperatures. 


