
Introduction 

In the use of materials at elevated temperatures in harsh environments, it 

is apparent that in most instances ceramics are the best choice to provide 

corrosion resistance. While ceramics may be more corrosion resistant than 

metallic alloys and polymers, ceramics can react with certain environments. 

The purpose of this program was to systematically investigate the corrosion of 

ceramics and to develop a theory generally applicable to all ceramics. 

A great number of ceramic materials are available for use in a variety of 

corrosive environments. In order to develop a theory applicable to the corrosion 

of ceramics in general, it is necessary to investigate a variety of representative 

ceramic materials exposed to a number of different corrosive environments. In 

order to keep the number of experiments at a reasonable number, the ceramic 

materials used in this study were selected on the basis by which resistance to 

corrosion was developed, in particular, by being immune to the environment or 

by developing passivity. Furthermore, the environments used to produce corrosion 

were selected based upon the likelihood of their being encountered in practice 

and their severity. 

A material is considered to be immune to a particular environment when it 

is in equilibrium with that environment. Total or complete immunity is rare in 

practice but in some cases the amount of reaction required for equilibrium to be 

achieved is very small, and consequently the changes in the properties of the 

material are very small. For example, when Al303 is heated in oxygen at 

elevated temperatures, the oxygen activity in the Al.303 may not be the same as 

that in the gas, and oxygen will be incorporated into or removed from the Al303 

depending upon the oxygen activities in the Al303 and in the gas. Upon obtaining 

equilibrium between the Al303 and the gas, which may require extremely long 
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times depending upon the temperature, the Al303 does not exhibit any significant 

changes in mechanical properties. The concentrations of point defects in the 

Al303 however will change and there could be significant changes in properties 

such as electrical and ionic conductivities. Nevertheless, in terms of a corrosion 

reaction the Al303 may be considered to be immune to this gaseous environment. 

Alumina and silica are two ceramic materials which can be considered to be 

immune to many environments which are extremely corrosive to metallic systems, 

and therefore these two materials were studied in the present investigation. The 

purity and structure of these ceramics can also affect their behavior in different 

corrosive environments and therefore these two parameters were also examined 

in the present investigation. Four types of crystalline Al303 were studied of 

varying purity as defined in Table I. Only one type of silica was studied. As 

described in Table I it was of relatively high purity and was vitreous. 

Passivity to corrosive environments is achieved by the formation of a 

reaction product barrier through which the reactants involved in the corrosion 

process must diffuse. The development of passivity is the principal means by 

which metallic alloys achieve resistance to corrosive environments, but passivity 

is also an important mechanism in certain ceramic materials, depending upon the 

ceramic and upon the environment causing corrosion. For example, Si3N4 and 

Sic react with most environments encountered at elevated temperatures and 

resistance to corrosion is achieved via the formation of a passive reaction product 

barrier. Furthermore, Al303 can react with gaseous environments containing 

sufficient SO3 to form sulfates and again the properties of the sulfate reaction 

product play a significant role in the corrosion properties. In the present studies 

Si3N4 and SIC specimens with purities as defined in Table I were therefore used. 



TABLE I - MATERIALS UNDER STUDY 

Designation 

S.C. 

998 

995 

975 

Silica 

SIN CVD 

SiN H.P. 

Sic SC. 

Sic CVD 

Sic H.P. 

Material 

Sapphire 

poly A120; (a) 

poly A1203 (a) 

poly A1203 (a) 

fused silica 

CVD*Si3N4 

H.P.** Si 3N4 

s.c.*** (a6H S.C.) 

CVE (Sic) 

H.P. (aSiC) 

Purity (Wt%) 

-99.99 

99.8(0.1MgO, O.llSiO2) 

99.6 - 99.5(0.17 M@ 
0.17 Si02) 

97.4 (0.75 MgO, 1.6SiO2 
0.1 Na20) 

99.99 

99.99 

93(6Y203Fe, Al, 02) 

99.99 

99.98 

94(3Al203, 2.5W, Fe, 02) 

* Chemical Vapor Deposition *** Single Crystal 

** Hot Pressed + Polycrystalline Alumina 

Supplier 

Saphikon 

Lucalox (G.E.) 

AlSi Mag 772 (3M) 
or ADS 995 (Coors) 

S-697 (Saxonburg) 

Corning 7940 

Deposits & Composites 

Airesearch 

W.J. Choyke 

W. J. Choyke 

Norton NC-203 
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When ceramic materials are used in practical applications, a variety of 

corrosive environments can be encountered. Most of these environments will 

contain oxygen but other reactants such as sulfur, nitrogen, carbon and chlorine 

can also be present. Moreover, deposits such as metallic sulfates, carbonates or 

chlorides may also accumulate upon exposed surfaces and substantially affect 

the corrosion processes. In the case of studies concerned with the corrosion of 

metallic alloys it has been useful to examine corrosion reactions in environments 

of increasing severity extending from gaseous environments containing oxygen, 

to mixed gases containing one or more reactants in addition to oxygen, and finally 

considering the effects of deposits such as Na3S04, Na3C03 or NaCl. The 

environments used in the present studied are identified in Table II. These 

environments consisted of gases containing oxygen, and other reactants such as 

sulfur, carbon and hydrogen at temperatures of 700, 1000 and 14OOOC. The 

effects of deposits were studies by using Na3S04 deposits in O3-SO3-SO3 gas 

mixtures at temperatures of 700 and 1000°C. These conditions were selected 

because they are frequently present in many environments encountered in 

practice. Furthermore, as established from studies using metallic alloys, the 

principles established from studies using these selections should be generally 

applicable to other corrosive systems. 

In the following sections of this report the experimental procedures will be 

described and then a summary of the results will be presented and discussed. 

Some of these results have been presented in previous reports for this 

program.(l) Other results are included in student theses and are also presented 

in drafts of papers about to be submitted for publication. Consequently, some of 

the results will not be repeated in this report but will be referred to by 

references or by draft papers included in appendices in the present report. 
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Results obtained from studies using gaseous environments will be discussed first 

and then results obtained from studies using deposits on silica, alumina, Sic and 

Si3N4 will be presented in sequence. 


