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Abstract

304/316 stainless steel are widely used because of their good corrosion resistance
and mechanical properties, especially in the nuclear power industry. However, there is
erosion, corrosion-erosion, stress corrosion cracking, high temperature oxidation and
other issues in its application. In this paper, the study has been conducted to assess the
erosion behavior of 304/316 SS through two-pHase high-speed jet impingement,
corrosion-erosion behavior in NaCl, HCI and NaOH solutions,stress corrosion
cracking and high temperature oxidation behavior under PWR conditions.

(1) In this paper, The study has been conducted to assess the performance of
304/316 SS under two-pHase high-speed jet impingement through weight loss and
surface morpHology, structure and composition analysis, erosion processes and
erosion mechanism of failure observed. Study the corrosion erosion behavior by
polarization curves and electrochemical Impedance spectroscopy under different
conditions. The results show that: the particle material, particle size, particle
concentration, impact angle, impact time and sample material affect the erosion
process, Erosion Resistanceof 304 SSis  worse than 316 SS, particle concentration is
proportional to erosion rate.The small-angle erosion mechanism mostly was cutting
action, high angle erosion mechanism was the knock-on effect. Erosion time of 0-12
hours is stabilize erosion pHase, erosion rate is constant, erosion time of 12-21 hours,
erosion rate fluctuations and increases, maximum erosion rate occurred in 12-15
hour, after 21 hours, erosion rate tends to  constant again.

(2) By CFD simulation of erosion behavior of 304/316 SS under two-pHase
high-speed jet impingement, using steady Lagrangian DPM model, the results showed
that: simulation and experimental results are in good agreement. The erosioned
sample is divided into three areas: Resion I is stagnant zone;Region II is cutting
transition zone; Region III is adherent jet impingement zone. The maximum erosion
rate occurs in the radial direction of 7-10mm.

(3) The study has been conducted to assess the corrosion-erosion behavior of



304/316 SS in NaCl solution by weight loss, electrochemical methods and surface
mopograpHy analysis. It is expect to know the interaction between corrosion and
erosion, corrosive erosion behavior and the thermal performance in NaCl solution.
The results showed that: chloride ion concentration increases, the temperature rises,
the corrosion time increased can promote corrosion of stainless steel, and mechanical
action is the main factor causing material loss. Pitting potential of 304 SS in NaCl
solution decreases with increasing temperature, the corrosion current density increases
with increasing temperature.

(4) The study has been conducted to assess corrosion-erosion behavior of
304/316 SS in HCI and NaOH solution by weight loss, electrochemical methods and
microstructure analysis. It is expected to know corrosive-erosion, static corrosion,
erosive-corrosion and the impact of pH value on corrosion of 304 SS. The results
showed that: corrosive-erosion, static corrosion, erosive-corrosion of 304 SS in NaOH
solution were better than in HCI solution. Corrosion current density of 304 SS in HCI
solution decreased with increasing pH value, corrosion potential in NaOH solution
increased with increasing pH value.The static corrosion property of 304 and 316 SS in
HCI and NaOH solution is similar, the erosive corrosion of 304 SS was somewhat
worse than 316SS

(5) By SSRT test, weight loss, SEM morpHology analysis, AES surface
elemental analysis and electrochemical methods, The study has been conducted to
assess the stress corrosion cracking of 304/316 SS under laboratory simulated PWR
conditions, corrosion under high pressure high temperature corrosive environments
and erosion properties after high temperature and pressure corrosion. The results show
that: under PWR conditions, with zinc, the mechanical properties of 304/316 SS
promotes, the average corrosion rate decreases. After nitrogen protection, the

corrosion resistance of 304 and 316 SS enhances.

Key words: Stainless steel; Erosion; Corrosion erosion; Stress corrosion cracking;
CFD simulation
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Table 1.1 Stainless steel used in nuclear plant
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