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Abstract

Stainless Steel is a popular material with good comprehensive properties and
widely used in industries and daily life. However, stainless steel remains corrosion
problems in various environments. It demands high corrosion resistance in
manufacture, transportation and marine environments. It has been indicated that the
secondary passive film (SPF) of stainless steel possesses high corrosion resistance. In
this work, we focus our study on the characteristic of the chemical composition,
structure and electrochemical properties, by using physicochemical methods, and to
make further insight into the corrosion resistance for the SPF of stainless steel.

(1) The electrochemical behaviors in the process of secondary passivation (SP)
of stainless steel in acid solution were studied using electrochemical impedance
spectroscopy (EIS) and capacitance curve. The following conclusions can be drawn
out: (a) The SP process is able to enhance the corrosion resistance of stainless steel.
(b) In SP process, the passive film grows and becomes more compact due to the
complex anodic dissolution, precipitation and repassivation. (c) The capacitance
response of passive film dependent on electrochemical frequency in SP process, and
it is found 1000 Hz of ac frequency exhibits a enhanced impact on SP of stainless
steel.

(2) The electrochemical impedance spectroscopy (EIS) and electrochemical
noise (EN) were used to study the corrosion behaviors and dynamic process of SPF on
stainless steel: (a) In aggressive solution, the SPF on stainless steel behaves dense and
steady capacitance characteristic, while competition of corrosion and restoring
happens in the air-formed film (AFF) of stainless steel. (b) Current transients are
corresponded to the dissolution of defects and inclusions and also to the growth and
ceasing of micro pits on passive film in some given environments. It is indicated the
current transients of SPF decrease and corrosion resistance increases because SPF is

distinctly more uniform and compact. (c) The measurements of EIS and EN can
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match quite well. The numbers of active pits and corrosion trend of passive film can
be followed by reconstructed noise signal and energy distribution plots from the
wavelet analysis.

(3) The electronic structure and ion transportation of secondary passive film
were investigated by the measurements of Mott-Schottky curves and photocurrent
spectroscopy. It is indicated that charge carrier density of the SPF is relatively lower,
as a result, the charge transfer and mass transportation through the passive film
decrease, The SPF exhibits a remarkable photocurrent response with two bandgaps,
2.1 eV and 3.0 eV, while nearly no photocurrent response for the AFF can be tested,
because the thickness and density of SPF is much higher than that of AFF.

(4) Based on the measurements of some ex-situ methods, including XRD, AES,
XPS and Ellipsometry of Spectroscopy (SE), we obtained following results: (a) the
martensite phase on surface of stainless steel can be eliminated by secondary
passivation, and the homogeneous structure is responsible for high corrosion
resistance. (b) The major compositions of the SPF are oxides of iron and chromium,
higher oxygen content implies higher oxidation, and the content of oxides of Cr in
SPF is higher than Fe oxides. The hydroxide in outer part of SPF plays as a barrier to
prevent stainless steel from the attack of halogen ions and reduce localized corrosion
risk. (c) The thickness of SPF is 4-5 times higher than that of AFF. (d) A preliminary

model of SPF was proposed on all these studies.

Keywords: Stainless steel; Secondary passive film; High corrosion resistance;

Corrosion resistance mechanism
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