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1. ABSTRACT

In this work, the critical pitting temperature (CPT) will be observed for a selection of
austenitic (316LN and 24100) and duplex (2205), and lean duplex (2304, 2001) stainless steels in
simulated concrete pore solution. To study the influence of temperature on the pitting stability of
the stainless steels, three temperatures were tested: 25°C, 45°C, and 65°C for cyclic
potentiodynamic polarization (CPP) and electrochemical impedance spectroscopy (EIS).
Electrochemical properties of the interfaces we studied via EIS analysis. Kinetics were studied via
CPP testing. To reveal the critical pitting temperature of the stainless steels, cyclic thermammetry

was used. Characterization of the pits was studied via, OM, IFM, and SEM.

2. INTRODUCTION

When it comes to categorizing corrosion, there are two main genres in which it can be
classified. The divide is in uniform corrosion versus localized corrosion. Uniform corrosion is the
simultaneous oxidation of the entirety of a metallic surface. On the contrary is the phenomena of
localized corrosion, more specifically pitting corrosion. Pitting corrosion is commonly
experienced in metals that form a passive film or have a coating applied to them. Any defects in
the film can lead to concentrated attack by a corrosive specifies on the bare metal, which results

in rapid and detrimental corrosion at those defective areas. This is known as pitting corrosion.

Pitting of stainless steel is heavily influenced by chloride concentration and has been a
popularly studied environmental factor [10-14]. Chloride ions will depassivate the stainless steel
and locally accelerate the dissolution of the metal ions. When this occurs, H+ ions are produce to
create local acidification. The full chemical reactions for local acidification are outline in

Equation 1-4. The increase of protons in this area decreases the pH, down to 3 at times, hence the



term local acidification. Steels can withstand a certain amount of chloride before corrosion occurs,
known as the chloride threshold. Generally, stainless steels can withstand up to 8% - 12%
chlorides, which is well above that of carbon steel, around 3%. Additionally, the corrosion
behaviour of each type of steel varies when exposed to chloride. Stainless steels will experience
localized corrosion, such as pitting, while carbon steels will see uniform corrosion across the

surface due to the lower corrosion protection compared to stainless steel [13].

Fe - Fe?t + 2e~ (1)

Fe?* + 2Cl~ - FeCl, (2)

FeCl, + H,0 — Fe(OH)* + H* + 2CI~ 3)
Fe?* + H,0 - Fe(OH)* + H* 4)

However, when stainless steel is placed into a concrete environment, the chloride threshold
falls to 4.9wt% Chlorides. This was found in study using ANSI 316LN stainless steel [14,15]. In
a concrete environment, where pH is generally very high, stainless steel reinforcements still have

a higher chloride threshold than carbon steel.

An observable parameter of pitting corrosion is the CPT of a material for a given environment.
Generally, as temperature of an environment surrounding a material is raised, so is the likeliness
of pitting corrosion occurring, due to the higher activation of the chlorides with increasing
temperature. Pitting in a given environment, containing a specific pH and concentration of
chlorides, will not occur in a material until a critical temperature is achieved by the environment.
In other words, there is a minimum temperature that is material specific in which the initiation of

pitting corrosion will occur, this is known as the alloy CPT.



Throughout a series of tests, the objective of this experiment is to determine the critical pitting
temperature of five different alloys in simulated concrete pore solution including: austenitic,
duplex and lean duplex stainless-steel. Each of these alloys have been studied as alternatives for
steel rebar in reinforced concrete applications. Having a sound understanding of its critical pitting
temperature, along with other corrosion and mechanical properties, is crucial for material selection

when creating rebar supported concrete.

3. EXPERIMENTAL

The materials used for the CPT study were austenitic 316LN and 24100 along with duplex
2205, and lean duplex 2304, and 2001. Each respective elemental composition can be seen in
Table 1, along with Pitting Resistance Equivalent Number (PREN), Nickel equivalent weight and
Chromium equivalent weight. The PREN can be easily calculated with Equation 5 using
information from a given materials composition [16,17]. In this study, the highest PREN belonged
to duplex 2205 and the lowest belonged to austenitic 24100.

PREN = wt.% Cr + 3.3 (wt.% Mo) + 16 (wt.% N) ®))

The PREN is a parameter useful in determining the resistance to local pitting corrosion in
stainless steels. If a PREN is below 30, it suggests that the material has low susceptibility to pitting
corrosion. This is why stainless steels rich in Chromium and Nitrogen have good resistance to
pitting corrosion [18].

For austenitic stainless steels, their material composition generally allows them to have
face centered cubic crystal structure, a pure y—phase matrix. This is due to high concentrations of

chromium, nickel, manganese, among others, allows for high Ni-equivalent and Cr-equivalent












of the 135 units within the complex, and importunely claimed the lives of 98 individuals. This
building was supported by carbon steel reinforced concrete. An image of the aftermath can be seen

in Figure 11 below.

Figure 11 the collapsed South Chaplain Tower [20]

An in-depth investigation took place in hopes to find the cause of the collapse. Upon
investigation, it was discovered that there was severe corrosion in the steel reinforced concrete
around where the column met the foundry. The southside, being the seaside of the building, likely
had leached chlorides from the nearby seawater. Prolonged exposure to chlorides and moisture led

to sever corrosion of the steel reinforcements.

Further design consideration of this possibility could have saved the lives of nearly 100
people. Proper maintains was not maintained either. Had the reinforcements been designed with

corrosion in mind, this degradation could have been delayed enough for proper maintenance to be
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done. The use of austenitic or duplex stainless steels would have dramatically decreased the odds

this tragic event.

The tragedies do not stop there however. One other specific case is the Fern Hollow Bridge
Collapse in Pittsburgh that occurred in 2022. This failure was assessed by Dr. Hota, who is the
director of Constructed Facilities Center at West Virginia University, and was found to injure 10
people [21]. This could have been much worse. The failure was found to be a result of corrosion

and fatigue.

6. CONCLUSIONS

After testing the critical pitting temperature behavior of austenitic, duplex, and lean duplex
stainless steels in simulated concrete pore solution contaminated with 1.0M NaCl, the following

conclusions can be drawn.

When observing the pitting potential of various austenitic, duplex, and lean duplex stainless
steels, the duplex and lean duplex stainless steels consistently exhibited higher pitting potentials
at 25°C when compared to the austenitic stainless steels. A higher pitting potential is an indication
of better resistance to corrosion, as it takes more polarization away from the open circuit potential
for pitting to initiate. When comparing the same alloys based on exchange current densities, the
majority of the results signified that the duplex and lean duplex stainless steels showed higher

exchange current densities. This correlated to higher corrosion rates once the pitting is initiated.

Looking at EIS data, an important parameter to consider is the modulus of impedance (|Z)).

The higher the |Z|, the better resistance to corrosion. Between the two austenitic stainless steels

25



studied, 24100 showed a higher |Z| of 195.2 Kohm/cm? at 25°C. For the duplex and lean duplex

stainless steels, lean duplex 2001 exhibited the highest |Z| of 36.5 Kohm/cm? at 25°C.

When comparing the austenitic, duplex, and lean duplex steels in terms of CPT, the results
varied. On average, the three classes of stainless steels performed about the same. For the austenitic
stainless steels, 316LN outperformed 24100 with a CPT of 63°C, which was 19°C higher than that
of 24100. For the lean duplex steels, 2001 had a CPT of 59°C, which was 19°C higher than 2304,
and 13°C higher than duplex 2205. Overall, 316LN showed the highest CPT of 63°C, with 2304
having the lowest of 40°C. The critical pitting temperature is another parameter which indicated
the likeliness of a pit to form on a given materials surface. Materials with higher CPT can withstand

higher temperatures before pitting begins to occur.

Observation techniques allowed for characterization of the pits formed. The deepest pits
formed in 24100 and 2001 which were around 60 pm in depth. While 316LN formed one large pit,
the duplex and lean duplex stainless steels formed many smaller pits in colonies. Uniquely, 24100

formed what appeared to be one large pit, but was actually made up of many micro-pits.
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