





performed at different temperature with the same pH are graphed. As temperature increases Epit,
Erp, and OCP all decrease. Figure 7 also shows the samples after the experiments, with pits and
discoloration becoming more dramatic at higher temperatures. Similarly, Figure 8 depicts CPP
experiments performed at the same temperature using different pH solutions. As pH decreases

Epit, Erp, and OCP decrease, and pitting and discoloration become more apparent.

Figure 6: Example of an individual CPP experiment with important parameters identified
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Figure 7: CPP experiments in pH 2.25 solution
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Figure 8: CPP experiments at 38°C

Temperature ramping experiments were performed to find Tt in solutions of different
pH. An example of a temperature ramping experiment is Figure 9. While the sample is held at a
constant voltage, temperature is increased and the current is measured. When the current spikes
up dramatically pitting has begun, and the temperature at which it occurred is Tcrit. The results of
the temperature ramping experiments are in Figure 10. Tcrit has a strong linear fit with pH.
Temperature ramping experiments were attempted at pH 1.25 but pitting began immediately,

which means the critical temperature in pH 1.25 solution is below room temperature.
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Figure 10: Terit vs pH

Exposure experiments were performed to qualitatively measure the pitting behavior of
410 SS. Figure 11 depicts exposure experiments at 38°C using different pH solutions. In pH
3.25 and 4.25 solutions, there are “spikes” downward in potential that come back up. Those
potential spikes indicate metastable pitting, in which pitting begins and then the passive film

reforms. In pH 2.25 solution there is a “cliff” where potential falls and does not return. The cliff



indicates permanent passive film breakdown and active pitting. In pH 0.50 and 1.25 the

potentials stay low the entire time, which indicates the passive film dissolves immediately and

general corrosion begins. The general corrosion is apparent in the sample pictures.
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Figure 11: Exposure experiments at 38°C
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Figure 12 depicts exposure experiments at 93°C. Every pH has a potential cliff, but 3.25

and 4.25 recover somewhat after 45 hours. This may be because of the black film formed is

protective. The protection is not as strong as the passive film at lower temperatures, however,

and corrosion is still proceeding.
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Figure 12: Exposure experiments at 93°C.

®) by 2.25

pH 3.25




Figure 13 shows exposure experiments at pH 3.25 at different temperatures. At 38 and
66°C there are spikes that indicate metastable pitting. Starting at 79°C, there are cliffs that

indicate active pitting and black film formation.
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Figure 13: Exposure experiments at pH 3.25
Discussion/Analysis

Inclusion sites have different compositions from the bulk material, making them ideal
sites for pit initiation. At 38°C, 410 SS in pH 3.25 solution experiences significant metastable
pitting (Figure 11). After exposure, the inclusion sites were corroded away, making excellent
pitting initiation sites (Figure 4). The pitting initiation sites were confirmed to be inclusion sites
based on their concentrations of calcium and other elements that are dilute in the bulk material
but concentrated in the pits. At 38°C in pH 4.25 solution, 410 SS experienced very little
metastable pittging (Figure 11). After exposure, the corrosion-prone inclusions were found

intact, confirming that 410 SS experiences little pitting in that environment.



The pitting behavior of 410 SS is most easily described by exposure experiments, where
different patterns of potential drops indicate metastable pitting or active pitting. These results
can be compared with CPP results to validate both methods and to make predictions based on
CPP parameters. Figure 14 shows OCP, Epit, and E;p at 38°C in different pH solutions. At pH
4.25 OCP meets Erp, and in the exposure experiment at this condition very little metastable
pitting occurred. At pH 3.25 OCP is above Ep and far from Epit, and significantly more
metastable pitting occurs. At pH 2.25 OCP approaches E,it, and active pitting occurs. This
analysis shows that quick CPP experiments can be used to supplement and validate long

exposure experiments.
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Figure 14: Epit, Erp, and OCP at 38°C

At pH 3.25 exposure experiments at 38 and 66°C experienced metastable pitting, while
experiments at 79 and 93°C experienced active pitting (Figure 13). This can be explained by
Terit. At pH 3.25 Terit is 75°C (Figure 9). Above Trit 410 should experience active pitting, and
below it should not. The exposure experiments follow this conclusion, making Teit a powerful

tool in material selection.



The results summarized in Figure 1 were put together using all of these methods. Every
experiment carried out below Trit only had metastable pitting, so Terit was chosen to be the
dividing line between activeand metastable pitting. Points on the graph represent individual
experimental results, which confirm this division.

These conclusions agree well with literature sources. Leckie found that the critical pH of
410 SS is 3.6, and in this project pitting rarely occurred above 3.25pH, and only at temperatures
higher than Leckie studied. Epit was found to have a strong dependence on chloride
concentration (Figure 14), which agrees with the results of Pahlavan’s study™l. General
corrosion occurred below pH 1.25, which agrees with Kelly’s conclusion that general corrosion
occurs at pH 1. Artens found the critical chloride concentration for 410 SS at 80°C, to be 2x10™*
N. Critical chloride concentration is the concentration above which pitting occurs, similar to the
definition of critical temperature. The critical chloride concentration at 80°C temperature falls

on the Terit line (Figure 1), lending credibility to Terit’s prediction of pitting corrosion.
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