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Stainless structures and fasteners can fail as a result of stress corrosion cracking (SCC) in coaste
atmosphere. In order to have a better understarafitige marine atmospheric SCC mechanism, the
corroson electrochemistry and hydrogen permeation behavior of stainless steel under surface solution
film werestuded. The solution filmwasmore easily formed on the surface thatscontaminated by

alien substances such as rust of carbon stébks.stabiliy of the passive film decreases with the
development of the surface solution film and both the pitting potential and the SCC sensitive range
shift to lower potentials. The hydrogemtry through stainless steel membrane during cyclic-avgt
corrosion conifions was also detected.
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1. INTRODUCTION

The SCC occurrence of coastal stainless steel structures and fasteners were re@jri€ad1,
study showed that an eledyte film was formed on the surface of stainless steel when SCC occurred,
which was of very high concentration of chloride and low pH][1

Generally the SCC experiments were conducted in soluti@isimulatedthe composition of
the solution film wherthe SCC of stainless steel occurf@dl5]. In fact, the solution film changes
with thedevelopment of corrosiorso, the research asingles i mul at ed bul k sol ut
changing environmentt is necessary to get the electrochemical in&dram and hydrogen permeation
behavior during the evolution of stainless steel surfackition film. The conditions of real
environment are complex. Dusts can be attached to stainless steel by the blown of wind, which can be
an importance factor of correg film formation.
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In this paperit is confirmed that alien substances facilitate the formation of corrosive film and
the developed solution film that can cause SCC can be easily dispersed on the whole surface of the
sample. It is also noticed that tlselution film can exist on the sample surface stably in humid
atmosphere, and the solution can be fairly thidke stability of passive film and the SCC sensitive
potential ranges were analyzed by the measurement of cortor®rcurves, polarization cues, and
fast and slow scan rate polarization curves. The attempt of hydrogen permeation measurement unde
wetdry cycles was also included.

2. EXPERIMENTAL

The studied material was AISI 321 stainless steel with the chemical composition of 0.079C,
17.7%Cr, 9.31Ni, 1.19Mn, 0.53Si, 0.56Ti, 0.030P, 0.0064S in wt%. The material was heated & 1050
for 20min and then water quenched. The sample wsisoe rod with the end as working surface,
which was grinded to 600#. The surface solution film formation ateserved whildittle amount of
carbon rust and-eCk with sea watemwas placed on top of the sample surfaafter dryingand
compared with bare clean sample. The sample for corrosion potential and polarization curves
measurements was embedded in epoxin eecept the working section with an area of 0.785dhe
hydrogen permeation measurement was conducted by using electrochemical technique which wa:s
similar to the technique used previously [16]. The sample was 0.1mm thick austenitic stainless steel
membrane with working area of 9.62 émOne side was coated with palladium. The hydrogen
detection side, which was coated with palladium was potentiostatically controlled at a potential of 150
mV vs. mercury oxide/mercury electrode for over 24h to reach testtdte before experimerall
experiments were repeated three times and typical data are reported.

3.RESULTS AND DISCUSSION

3.1. Corrosive solution film formation on the surface of stainless atagkolution
simulation consideration during the cosion development

Figure 1 showvs the surface solution film formation on stainless stgkénit was clean or
contaminated by alien pollutantSeawater, carbon steel rust plus seawater,;Fa@ seawater were
placed on top of the samples. After dryitlggese samples were placed in a chamber with seawater at
the bottomFor the bare clean sample, no solution film was visualized after 60 days of expdsiee,
for those samplewith contaminants mplets gradually formed on the surface within 24 hokos the
sample contaminated by FeCa fairly homogeneous solution film was dispersed on the surface with a
pH about 1.8. It can be inferred from here thah the developing of corrosive film formation, the
increasing of metal ion concentration and thapging of pH, the surface of stainless steel will always
be well wetted irreal marine atmosphere due ttoe high humidity, which facilitatethe development
of corrosion process. The alien adhered substances simulate the conditions of stainlessciiess stru
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in practicalenvironments. The corrosion products of carbon steel that blown to the surface of stainless
steel can act as corrosion accelerator.

Figure 1. Surface film formation on stainless steel contaminated by alien pol{#@xatsanbaresurfaceafter
60 days exposuré€b) carbon steel rust + seawater; (c) ReCleawater

Our analysis of the solution after SCC testd austenitic stainless steel in acidic seawater
showed that the concentration of metal ions was proportional to the ehemmcentration of stainless
steel, showing proportional dissolution of the material.

Rokuro Nishimureetal. [17] also studied the dissolutionafstenitic (type 304 and type 316)
stainless steels in acidic chloridmlutions under applied stres§hey roticed that lhe selective
dissolution for type 304 and type 316 specimens was faanoe the same as that in the active
dissolution region obtained from the anodaarization curveFrom the results dRokuro Nishimura
etalGs , the ratio of metal ion® the solution is very close to the ratio of the elements in the steel.
Practically, they are identical.

The SCCoccursat anodic dissolution potentiabo, for the preparation of the simulated
solution, a stainless steel sample was dissolved in 0.5mfll+0.5mol/L NaCl under an anodic
potential. The solution at different developing stages was obtained by diluting the high concentration
solution.

3.2. Corrosion potential of stainless steel in simulated corrosive surface film solutions

Figure 2 shows tle free corrosion potentiiime curves in simulated solutions. The potential
was stable in distilled water. When the concentration of the soluticameefFé*]=0.0138mol/L,
[Cr¥]=0.0037mol/L, [Nf]=0.0017mol/L, [CI]=0.02mol/L, pH=2, the potential shea fluctuatiors.
After a period of immersion, the potential sadto lower potential and fluctuadecontinuously. With
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the increase of solution concentration, the potential fluausgeously, showing the unstableness of
passive film.
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Figure 2. Comrosion potentiatime curves of AISI 321 stainless steel in simulated surface film solution
(a) distilled water (b) solution compsition® [Fe*]=0.0138mol/L, C#"=0.0037mollL,
Ni?*=0.0017mol/L, [C1=0.02mol/L, pH=2 (c) solution compsition’ [Fe*]=0.138mollL,
Cr¥*=0.037mol/L, Nf*=0.017mol/L, [C1]=0.2mol/L, pH=1

3.3. Polarization curves of stainless steel in simulated corrosive surfatedlutions

SCC has correlation with pitting corrosion at initiation stage. It is possible for a SCC crack to
initiate at pits. Figur& shows the polarization curves of AISI 321 stainless steel in simulated surface
film solutions.Plot (a) wasobtainedin distilled water. The solution concentration incesgepreserdd
different stages of corrosive surface solution film formation.

No pitting @uld occur below 1V vs. Ag/AgCfor stainless steel in distilled water and in the
solutionwith concentration lowr than that of plofb). The pitting potentialsof plot (b) and(c) are
0.719M 0.517V(vs. Ag/AgCl) respectively.

While the repassivation potentials are 0.3R3¥.166V (vs. Ag/AgCl) respectively. These data
show that the tendency of pitting increaseshwiite development of surface film solution formation.
Pits can act as initiation sitésr SCC. So, the possibility of SCC also increases with the development
of surface film solution formation. The repassivation potential has the same changing tendency wi



Int. J. Electrochem. Sciol. 6, 2011 5601

the development of corrosive solution film, showing that it is hard for a pit to stop growing once it is
initialized at high concentratioof CI" and low pH conditions.

Figure 3. Polarization curves of AISI 321 stainless steel in simulated surfatsdlution(a) distilled
wate (b) solution compsitiori [Fe*]=0.0138mol/L, C¥=0.0037mol/L, Nf*=0.0017mol/L,
[CI1=0.02mol/L, pH=2 (c) solution compsition' [Fe*]=0.138mol/L, CF*=0.037mol/L,
Ni?*=0.017mol/L, [Cl]=0.2mol/L, pH=1

With the progress dafurface solution film formation, the concentration ofi@dreases and the
pH decreases.ittng occurred as a resut adsorption of aggressive anionspassiveilm followed
by penetratiorof this film under the influence of an electrostatic fild][ Pits initiated when the field
across the filmsolution interfaceeached a critical valuén our work, Clis the aggressive anion.
Increasing th&€l” concentration woulénhance the probability of adsorption of @i the surface
hindering the stabty of passive film andventually reduces thatting potential The effectof lower
pH on thepitting potentialcouldbe attributed to the acceleration of cathodic reactiontabegh
concentration oH" which could cause instabiliip the passive liin [19]. As a combination effect of
these two factors, the pitting potential shifted to lower potential.

3.4. Fast and slow scan rate polarization curves of stainless steel in simulated corrosive surface
film solutions

The technique was first proposed Bgrkins R0]. First, the sample is polarized anodicly at a
fast scan rate of 1V/min and then at a lower scanning rate of 10mV/min. The fast scan represents the
behaviour at crack tip, while the slow scan represents the behaviour of side wall. At fasttedha



