
Experimental Procedures 

Experimental Conditions 

The materials that were studied in this program and the environments that 

were used to produce gaseous corrosion and hot corrosion attack have been 

briefly discussed previously in this report (Tables I and II). The ceramics that 

were studied (Table I) consisted of Al3O3, SiO3, Sic and Si3N4. A range of 

purities were examined in the case of Al3O3, Sic and Si3N4. Single crystals of 

SIC and Al303 were also studied and compared to polycrystalline specimens. 

The gas compositions that were used are presented in Table II. Gas mixtures 

consisting of O3-SO3-SO3 were used in both gaseous corrosion studies and the 

hot corrosion studies. Hot corrosion experiments were also performed in pure 

oxygen. The gaseous corrosion studies were performed at temperatures of 700, 

1000 and 1400°C whereas the hot corrosion investigations used temperatures of 

700 and 1000°C. When O3-SO3-SO3 mixtures were used at 700°C, this mixture 

was passed over a platinum catalyst to ensure that equilibrium was achieved. 

The catalyst was not required to achieve equilibrium at 1OOOOC. The flow of the 

gas was 1 cm3/s. 

The experimental procedures have been discussed in detail in previous 

reports and are also discussed in Appendices A, 0, C and D. The procedure 

usually consisted of exposing specimens in a horizontal tube furnace at a fixed 

temperature to a flowing gas stream of fixed composition. In the case of the hot 

corrosion studies the specimens were coated with deposits of Na3S04 for 
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investigations at 1000°C, or a NaSS04-CoSO4 equimolar solution for studies 

performed at 700C. These deposits were applied on specimens by spraying warm 

specimens with an aqueous solution saturated with NaSS04 or the sulfate 

mixture. Most specimens were diamond polished and they were ail cleaned 

before the experiments. 

The characterization techniques consisted of morphological studies in the 

light microscope and particularly the Scanning Electron Microscope (SEM) with 

microanalysis of salient features by EDS (Energy Dispersive X-ray Spectroscopy) 

and WDS (Wavelength Dispersive X-ray Spectroscopy used particularly for light 

elements). These techniques were supplemented by X-ray diffraction, weight 

change measurements and in some cases surface analysis techniques (ESCA). A 

large number of other techniques were used in special cases they are SIMS, ISS, 

FTIR, Laser beam ellipsometry. 

Furthermore, since after the corrosion tests some deposited salt often 

remained on the sample, the Nag.504 was washed off to reveal the sample 

surface. The samples were characterized before and after this washing. 

Experience has shown that the examination of the sample before washing is 

extremely fruitful, and the observed morphologies have taken many forms. The 

washwater was analyzed as described in a previous report (l); this analysis is now 

a routine semi-quantitative method which allows the identification of the 

elements dissolved in the salt and the stoichiometry of the salt. 

Special techniques 

Measurement of oxide thickness 

A method using WDS measurements in the electron microprobe (EPMA) was 

adapted from that described by Yakovitz and Newbury to estimate the 

thickness of coatings from the intensities of emitted characteristic X-rays. The 
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intensity of the oxygen Ka line is used in the present research to measure the 

thickness of oxide layers generated on non-oxide materials. This intensity is 

measured under constant conditions (say 1OkV accelerating voltage and 2 x lo8 

A beam current) for a scale and a bulk standard of pure fused SiO2. Both 

samples are coated with 200A of carbon. The ratio k of their intensities 

corrected for background is correlated to the thickness of the oxide layer. 

The calibration curve for the relationship between the k ratio and the oxide 

thickness was calculated with a computer program written for this research 

following the semiempirical approach of Yakovitz and Newbury(2) to generate 

the Q (pz) curve which is the intensity of X-ray generated at a weighted PZ depth 

into the sample. This calculation includes many corrections and correlations 

used to predict the characteristic X-ray intensity. It must be understood that 

the data available for these corrections (such as absorption) for light elements is 

relatively poor and that this calibration can only be approximate. Measurements 

based on light element are usually not used quantitatively. However the method 

developed in this research gives good reproducibility ? 2% for thickness 

measurements on silica layers up to about 0.8pm - lum. It was published 

recently(3) and more details will be found in Appendix E which contains a copy of 

the article on this measurement. It must be emphasized that since the 

characteristic X-ray intensity for oxygen is used to calculate the oxide 

thickness, a stoichiometric silica (SiO2) was assumed in the calculations. This 

may lead to significant error if the composition of the scale deviates markedly 

from that assumed in the calculations. However the method is quite 

reproducible and has a high spatial resolution. 

The direct measurement of scale thicknesses on cross sections in the SEM 

is probably not better than + 10% in accuracy considering magnification 
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calibration and other sources of error under the best conditions. It is good down 

to about lum and depends greatly on the thickness of the layer (constancy and 

magnitude). In some cases the scales are difficult to separate from the substrates 

in cross sections in the SEM. 

Measurement of contact angles 

The contact angles of the deposits have been measured in the SEM at room 

temperature using a method previously described by Murr(4). The wetting angle 

is particularly important since deposits often break into droplets decreasing the 

area of interaction between the sample and the melt. After coating with carbon 

(about ZOOA) the samples are placed in a tilted position in the SEM which allows 

the location of the drop under the electron beam and then they are tilted further 

to a vertical position to record the profile of the drop. The edges of the drops 

are enlarged for the measurement. A number of drops are measured under those 

conditions on the same sample. Experience with the measurements show that 

their reproducibility is about f: 2 O. Since this reproducibility is very good, it has 

been possible to establish when two wetting behaviors occurred simultaneously 

on the same sample. 

Cross sections and related techniques 

The study of cross sections is necessary for a number of measurements. 

However the samples are often damaged (silica and silica formers) during exposures 

and processing. Also, cross sections are often desired with salt on the sample, so 

that sawing or polishing in wet media has been avoided to preserve the soluble 

sodium compounds. Most cross sections were either dry-cut with a diamond saw 

or fractured. Fractured specimens show structural features well as has been 
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established in many studies of the microstructure of ceramics. The multilayer 

nature of the scale and sometimes its apparent layered growth is shown clearly 

in cross sections. The cross sections can also be used directly for the measurement 

of oxide layer thickness (~l~rn). In some cases salt drops have been crossed by 

the fracture giving valuable information. However the lack of flat cross sections 

has limited the use of the crystal spectrometers of the electron microprobe. 

In many cases the deposit drops do not adhere welt to the sample surface 

after cooling so that the underside of the drops and the area of the sample which 

was under the drops can be examined and analyzed at least qualitatively. 

Mechanical bursting of bubbles in surface layers and removal of drops are also 

used to study the underlying microstructure prior to washing of the specimens. 


