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Abstract

The stress corrosion cracking (SCC) behaviour of Mg alloy AZ31B was
investigated with respect to surface condition. Salt fog U-bend testing was
used to identify changes in SCC as a result of surface conditioning pre-
treatments. Six surface conditions were investigated: as-received,
mechanically-polished, sulphuric acid (H.SO,)-cleaned, mechanically-
polished then H,SO4-cleaned, aged H,SO,-cleaned, and acetic acid
(C,H40,)-cleaned. Results showed that the rate of SCC was accelerated
and the SCC mode was intergranular for all surface conditioning

treatments involving H,SO4-cleaning.

It was found that the accelerated intergranular SCC was a result of three
contributing factors: a low pH, the presence of aggressive ions, and a
porous film which allowed direct contact between the metal surface and
the electrolyte. Characterization of the surfaces using potentiodynamic
polarization and cross-sectional images of sample surfaces showed that in
the absence of one of these three contributing factors intergranular SCC

would not occur.
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Chapter 1: Introduction

The present social and economic climates have triggered a global
interest in reducing the impact of greenhouse gas emissions. This
increased public awareness has led governments around the world to
impose target emission reduction levels for various industries. The
transportation sector has been identified as one of the largest
contributors to greenhouse gas emissions accounting for 24% of the
Canada’s total emissions and 26% of the North American emissions [1].
For this reason the automotive industry has been required to increase
vehicle fuel efficiencies, which can be partially achieved by the

implementation of lightweight automotive materials.

Magnesium alloys are amongst the lowest density metallic
engineering materials. They possess a highly favourable strength to
weight ratio making them strong candidates for use in the automotive
industry. The Magnesium Front End Research and Development
project (MFERD), an international joint venture between Canada, the
United States, and China was established to develop a magnesium
intensive automotive structure that would reduce the overall weight of
consumer vehicles [2]. Although it was demonstrated that replacing the

traditional carbon steel front end assembly with a magnesium intensive
1
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assembly resulted in increased fuel efficiency, further investigation in
formability, joining and corrosion resistance was required for

implementation as a market ready enabling technology [2].

Investigation into the corrosion resistance of Mg alloys used in the
structure was a key initiative of the MFERD project. It is well known that
Mg alloys are amongst the most active of metals and are susceptible to
many forms of corrosion damage [3]. Corrosion is often times
accelerated by aggressive environments such as the chloride (e.qg.

NaCl) intensive exposures often observed in the automotive industry.

This thesis is focused on a particular aspect of the corrosion
resistance of Mg alloy AZ31B, i.e. the resistance to stress corrosion
cracking (SCC), and how this resistance is affected by the use of

industrially relevant pre-treatment exposures.
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Chapter 2: Literature Review and Background

2.1 Stress Corrosion Cracking

Stress corrosion cracking, SCC, is defined as the initiation and
propagation of cracks due to the combined influence of a constant non-
cyclical load and a corrosive environment. SCC occurs as a synergistic
effect of three main criteria (shown in Figure 2-1): material

susceptibility, exposure conditions and applied tensile stress [4].

Material Exposure
Susceptibility Conditions

Figure 2-1: Stress corrosion cracking (SCC) criteria

SCC susceptibility has been observed in many engineering
materials, first noted in brass alloys followed by carbon steels and
stainless steels, as well as many nonferrous alloys such as aluminum

and magnesium [4]. A unique set of exposure conditions are required to

3
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produce SCC in each metal or alloy and are dependent on a number of
material properties such corrosion behaviour [5]. Failures due to SCC
typically occur as a brittle fracture, often times at tensile stresses well
below the yield stress of the material. In service, these stresses can be
induced simply by bolting or fastening components in addition to

residual stresses from welding [4].

In theory, there are three stages to SCC: crack initiation, crack
propagation and failure. However, these stages are not easily
distinguishable during study due to the continuous nature of SCC
progression [5]. Throughout these three stages there are a number of
intermediary steps that can occur, all having varying effects on the
overall SCC [6] [7]. Figure 2-2 generally identifies the nine intermediary

steps that occur from initiation (and just prior) through to failure [6].
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Figure 2-2: Summary of intermediary steps to SCC initiation and
propagation [6].

9. Stage lll, Rapid propagation

The first step is a precursor step to initiation (stage 1) as
electrochemical potential changes occur to create initiation conditions
including the formation of various passive oxide films on the surface.
Initiation occurs throughout steps 2 to 7, steps 2 and 3 involve the local

breakdown of the passive film allowing the exposure of bare metal to
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the electrolyte. This is an integral step as the anodic dissolution strongly
controls the rate of SCC [8]. Depending on the corrosion mode this
penetration can occur via cleavage cracking, pitting, hydrogen
embrittlement, dealloying or intergranular corrosion [5]. After
penetration has occurred minor cracks begin to form and coalesce
(Steps 4 & 5) in the metal until they have reached a critical crack radius
such that the stress intensity K, >> Kiscc at which cracks will propagate
(Steps 6 & 7). Crack propagation (Steps 8 & 9) has been attributed to
factors such as anodic current density, anodic charge density passed
and crack tip strain rate [9]. However, due to the dependence on
exposure conditions, experimental data makes it very difficult to
develop a predictive approach to determining crack velocities [9]. The
mechanistic understanding of SCC propagation and growth kinetics for
most metals, suggests a strong dependence of crack coalescence on

anodic dissolution rates [8].

In susceptible materials, SCC may be either transgranular or
intergranular, where cracks will follow a macroscopic path normal to the
tensile direction. The mode of the cracks also depends on a number of
factors: material, applied load, anodic dissolution, film growth,
susceptibility to hydrogen embrittlement, internal stresses, local
corrosion behaviour, etc. Furthermore, depending on the material, the

SCC mode can accelerate propagation and failure rates [5] [10].

6
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Transgranular SCC (TGSCC) fracture surfaces have a more brittle,
cleavage-like appearance. Cracks propagate straight through grains
and have been observed as a more discontinuous process than
intergranular cracking [11]. The discontinuity of TGSCC can sometimes
give the appearance of “beach” markings commonly seen in corrosion
fatigue cracking. “Beach” markings appear as patterned striations on
the fracture surface perpendicular to the direction of crack growth. It is
argued that cleavage is necessary to facilitate the discontinuous nature
of TGSCC because the anodic dissolution and mechanical damage
decreases the stress intensity factor (K;) below the threshold for crack

propagation [12].

Intergranular SCC (IGSCC) is more dependent on the
microstructure. Generally, finer grain structures will be more likely to
crack along grain boundaries due to the build-up of dislocation energy.
Early studies of SCC set the foundation that a particular path may be
preferential for SCC due to a localised attack or areas of decreased
corrosion resistance; as a result the localised path becomes anodic to
the surrounding (cathodic) area [13]. Following this, studies have shown
that IGSCC can also be attributed to chemical heterogeneity within
grains such as impurity segregation or precipitation leading to more

chemically active grain boundaries. These factors reduce the
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dependence of IGSCC on the stress intensity factor, therefore giving it

a more continuous progression than TGSCC.

2.1.1 Effect of Surface Films on SCC Mode

It was evident throughout this work that the SCC mode was
dependent on the surface condition prior to salt fog exposure. More
specifically, that there was a strong relationship between the SCC
mode and the initial state of the surface film. The following section
outlines the current understanding of how surface films affect both the

kinetics and mode of SCC.

Works by Sieradzki and Newman [8] identified that film-induced
cleavage cracks promote TGSCC. Their proposed model suggested
that thin films can induce macroscopically brittle behaviour for regularly
ductile materials. This behaviour was dependent on interfacial
parameters between the film and substrate such as: lattice misfit,
elastic modulus misfit, interfacial bonding, film geometry, and film
ductility. It was found that the presence of cracks in the film modified
the local deformation in such a way to initiate cleavage cracks in the
substrate. In general, these thin and brittle films created high interfacial
energy through low coherency with the substrates. Their work identified
that when cleavage cracks are induced by the substrate-film interaction

TGSCC was enhanced.
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Further work by Sieradzki et al. [12] defined the relationship between
the film, dealloying and SCC. It was found that porous films increased
the exposure of bare metal, accelerating anodic dissolution rates.
Dealloying is a form of selective dissolution, it occurs when there is a
large difference in reactivity between alloying elements. It was found
that if dealloying took place the films formed were inherently more
porous and allowed the exposure of bare metal. In systems where the
matrix was more active, the parting limit (the minimum concentration of
an element in an alloy for de-alloying to take place) was approximately
70%; however, for systems with a more noble matrix the parting limit
was approximately 10% [8]. This promoted anodic dissolution, which
demonstrated a strong relationship with the enhancement of IGSCC
[12]. Work by Hancock and Cowling [14] also identified that porous
layers, under an applied load, can undergo ductile tearing, which
initiated micro-cracks in the substrate and increased anodic dissolution

of the newly exposed crack tip.

The initiation of SCC as a result of local corrosion behaviour has
been studied extensively. The exposure of susceptible materials to
corrosion environments promotes the formation of pits after breakdown
of the passive film [4]. It has also been observed that pitting can
contribute to the overall acceleration of SCC [15] [16] [17] [18]. The

exact cause of this contribution is controversial; some studies show that

9
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the stress concentration from pits increased the number of minor cracks
that initiated [15], [16]. However, it has been shown that the added
stress concentration from pitting does not aid in crack initiation, instead
it accelerates crack propagation [17]. Parkins [18] showed that for
varying cases, either of these factors can explain SCC, but in all cases
the most important factor to consider was that pitting affected the local
environment which impeded or prevented the formation of passive
films. Thus, pitting influenced SCC much like a porous film by inhibiting
the formation of passive films that retard anodic dissolution. Corrosion
pits act as occluded cells, wherein the local environment can undergo
significant changes such as increased chloride concentration or change
in pH. Parkins [18] showed with slow strain rate testing (SSRT) that the
rate of cracking was accelerated when materials were exposed free of
passive films. It was also observed that SCC initiation was impeded by
the growth of passive films on the exposed surface [19]. As mentioned
previously, this research aligns well with the work of Hancock and
Cowling [14], who reported that bare surfaces behaved similar to ones
with porous films resulting in an increase in anodic dissolution and

acceleration of SCC.

10
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2.2 Corrosion and SCC of Magnesium

This section focuses on the corrosion behaviour of Mg and its alloys
as it pertains to the kinetics and mode of SCC. It is well known that Mg
is one of the most active engineering metals, as seen in the galvanic
series shown in Figure 2-3. This makes SCC of Mg alloys very
environmentally-dependent. Parkins et al. [18] showed that the
aggressiveness of the environment could either enhance or inhibit SCC.
Environments that were too reactive did not promote SCC and instead
enhanced local corrosion and pitting. It was concluded that propagation
of SCC required a sharp crack tip and high stress intensity; more
reactive environments accelerated anodic dissolution which decreased
the stress intensity at the crack tip preventing propagation [18].
Therefore, alloying elements can be used to improve corrosion
resistance. Alloying elements such as Al, Zn, Cd, and Sn are used for
their active corrosion potentials and high hydrogen evolution
overpotentials. Hydrogen evolution overpotential is important to take
into account because it is the dominant cathodic reaction in the

aqueous corrosion of Mg [20].

11
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Typically Mg alloys are categorized into two classes, Zr-containing
alloys and Zr-free alloys. Zr is added along with other rare earth
elements for their reactions with Fe, Ni, Co and Cu [3]. These elements
are known to create a local galvanic effect and accelerate the corrosion

of Mg alloys [22].

The most common alloying element used in Mg-based alloys is Al.
Studies have shown that the alloy Al content has a profound influence
on corrosion rates [23]. It has been observed in alloys with Al contents
above the solubility limit that B-Mg17Al12, is formed, which is cathodic to
the a-Mg matrix [24]. Because the B phase has a higher cathodic
activity than the a phase, it has been argued to either increase the
overall corrosion resistance of the alloy or act as a local cathode. Thus,
its influence on the corrosion behaviour of the alloy is dependent on its
volume fraction and distribution [20]. At small volume fractions, the 3
phase precipitates out (generally on grain boundaries) which can
enhance local corrosion of the a matrix whereas at higher volume
fractions the B phase forms an interconnected grain boundary network
and acts as an anodic barrier, increasing the overall corrosion

resistance of the alloy [20].

For Mg-Al alloys, minor additions of Mn are used to mitigate the
effects of noble metal impurities such as Fe due to the formation of a

Al-Mn phase [25] [26]. However, higher Mn contents have also been
13
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attributed to detrimental effects on corrosion resistance due to the
increase in AlIMn(Fe) intermetallic particles and their associated

microgalvanic effects [25].

In both aerated and deaerated aqueous corrosion of Mg alloys, the
governing cathodic reaction is the hydrogen evolution reaction, HER, as
opposed to the oxygen reduction reaction, ORR, due to its low
corrosion potential [27]. The half cell reactions for HER and the anodic
dissolution of Mg can be seen in equation (2-1) and equation (2-2)
respectively. Additionally the reaction that occurs during the aqueous

corrosion of Mg alloys can be seen in equation (2-3).

2H,0 +2e~ — H, + 20H" (2-1)
Mg - Mg?*t + 2e~ (2-2)

The production of H, during the HER is of particular concern when
regarding the SCC of Mg. This is because during the anodic dissolution
of Mg surfaces a unique behaviour has been observed, known as the

negative difference effect (NDE).

The NDE is observed during anodic polarization of Mg surfaces
during which the rate of hydrogen evolution increases as the potential
becomes more noble. This is in contrast to what is expected from mixed

potential theory defined by the equations above and what is observed
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during the corrosion of most other metals. A number of unverified
explanations for the NDE have been proposed. A prominently proposed
theory was based on the creation and subsequent recation of
intermediate univalent Mg ions [24]. More recent literature suggested
that this mechanism is not valid and can be rejected [28] [29]. Other
studies have related the NDE to the effects of impurity elements,
accelerated film breakdown, localized corrosion undermining leading to
spalling of the metal surface, dissolution of MgH, and more recently to

increased cathodic activity during anodic polarization [27] [28] [30].

It is well established that the introduction of small amounts of
hydrogen to many metals and alloys can result in a drastic reduction of
mechanical properties of many metals [4]. Atomic hydrogen can be
introduced to the lattice (causing hydrogen embrittlement) by the
reduction of water, dissociation of acids or the dissociation of hydrogen
gas, H,. Cracking induced from hydrogen embrittlement can be either
transgranular or intergranular with sharp-tips, minor branching and
cleavage-like morphologies [4]. Mg, has been noted to be very
susceptible to hydrogen embrittlement. T. Watanabe et al. [31]
demonstrated that, at standard temperatures and pressures,
commercially pure Mg has a hydrogen concentration of approximately
20 ppm by mass. The solid solubility limit of hydrogen in Mg is

approximately 0.08 ppm by mass, resulting in a significant excess of

15



M.A. Sc. Thesis — B. M. Wilson; McMaster University — Materials Science and Engineering

Chapter 2: Literature Review and Background

supersaturated hydrogen and increasing the risk of hydrogen
embrittlement [31]. Work by Y. Chino et al. [32] found the deleterious
effects of hydrogen embrittlement could occur at hydrogen
concentrations as low as 16 ppm by mass. Hydrogen mapping, via
secondary ion mass spectrometry, identified that hydrogen was
segregated to triple junctions and grain boundaries; this directly relates
hydrogen embrittlement to the enhancement of IGSCC fracture of Mg

alloys [32].

2.1.2 Effects of Mode on SCC of Mg-Al Alloys

Both TGSCC and IGSCC have been observed in Mg alloys. Many
studies have concluded that, similar to other metals such as
copper/brass alloys and stainless steels, IGSCC failure is more highly
influenced by electrochemical attack resulting in more continuous crack
progression whereas TGSCC occurs in a discontinuous cleavage-like
fashion [13] [33] [34] [35]. Early studies by Mears et al. [13] identified
that the SCC mode of Mg-based alloys could undergo a shift from
TGSCC to IGSCC by decreasing the pH from a slightly basic pH to an
acidic one (8 to 5); This was attributed to the increased anodic activity
from the acidic exposure. Fairman et al. [35] furthered this
understanding by demonstrating the importance of anodic activity on
the mode of cracking using cathodic protection to arrest intergranular

crack propagation.
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2.1.3 Mg Corrosion in Salt Fog Exposure

Investigations into the corrosion resistance and SCC resistance of
Mg and Mg alloys is typically done under two types of exposures:
immersion and salt fog. Standardized testing procedures have been
developed for both, ASTM G31 and ASTM B117, respectively. Many
variations of these testing procedures have been used to improve their
correlation to corrosion performance in aerospace and automotive
industrial practices [36] [37]. It should be noted that comparison of the
two environments has revealed very unique corrosion behaviour under
each exposure. Work by Martin et al. [38], compared cyclic salt fog
exposure to immersion testing; it was revealed that the general
corrosion rates and pitting density were higher for immersion surfaces,
but overall pit surface area and depth was higher for salt fog exposures.
Further studies showed that for immersion testing, in comparison to salt
fog testing, accelerated pit nucleation as a result of continuous
exposure and the faster dissolution of protective oxides [39]. Figure 2-4,
as presented in a review by Winzer et al. [20], illustrates the
comparison of corrosion performance for various alloys under both
exposures, clearly identifying salt fog exposures to be less aggressive
for Mg alloys. It was also noted that the pit coalescence rate was
increased for immersion testing likely due to the increased nucleation
rate and resultant pitting density [39]. This confirms the findings of both

17



M.A. Sc. Thesis — B. M. Wilson; McMaster University — Materials Science and Engineering

Chapter 2: Literature Review and Background

Parkins [18] and Lindley et al. [15], in that solutions that are too
aggressive promote pitting and localized corrosion while inhibiting SCC
propagation. It has been identified that this effect is likely due to a
decrease in the stress intensity factor (K;) by reducing the sharpness of
the crack tip. As seen in Figure 2-2 when K<<Kscc crack propagation
is inhibited. This shows that a cyclic salt fog environment is more

effective for the study of SCC [37].
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Figure 2-4: Comparison of corrosion rates of High Purity alloys (HP) and
commercially pure Mg (CP) in both Salt Immersion Testing (SIT) and Salt
Spray Testing (SST) [20].
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Recent work has indicated that the as-received (AR) surface of Mg
alloy AZ31B can contain contaminants that are detrimental to the
corrosion resistance of the material [40]. It was also seen in solution
screening testing that the AR surfaces were more susceptible to pitting
corrosion than in the treated surface conditions. It has also been shown
that aggressive environments which enhance pitting and local corrosion
can inhibit stress corrosion crack propagation [9] [18]. For this reason,
and aligned with common industrial practice, knowledge of surface
conditions is necessary for the study of SCC; both acid-cleaning (AC)
and mechanical-polishing (MP) are commonly encountered surface
conditions for the study of Mg alloys and were therefore used in this

investigation [41] [42] [43] [44].

it is likely that the previously observed surface contamination was
due to machining and milling processes and for this reason it is
common for research purposes to mechanically-polish sample surfaces
to remove such contaminants. The use of Mg alloys in industrial
practice however, often uses bulk surface treatments such as acid
cleaning for surface preparation. This research evaluates the relative
effects of these surface conditions on the corrosion behaviour of AZ31B

sheet materials.
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In particular, the present investigation focused on the SCC of Mg
alloy AZ31B after various surface conditioning treatments. Samples
were stressed and exposed to a salt fog environment until SCC
occurred. Post exposure characterization of the fracture surfaces using
SEM and LOM was used to identify differences in SCC. Further
characterization of the surface conditions was conducted using

polarization techniques and SEM cross-sectional imaging.
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4.1 Pre-Exposure Characterization
41.1 As-Received Material

This work used U-bend samples to investigate the effect of the
surface condition of AZ31B-H24 sheet material on the kinetics and
mode of SCC when exposed in a salt fog environment. All U-bend
samples were machined from commercial 2 mm thick rolled sheet
material. The H24 designation refers to a strain hardened then partially
annealed temper as per ASTM standard B90 [45]. The bulk composition
was analyzed by inductively coupled plasma optical emission
spectroscopy (ICP-OES). The sample was measured three times for
each element, and the average composition results of this analysis are
shown in Table 4-1 along with the ICP standard calibration errors for
the analyzed elements. The composition is consistent with the ASTM

B90 specification for Mg alloy AZ31B [45].

Table 4-1:Mg Alloy Composition

AZ31B | Al Zn Mn Ni Cu Fe Mg

wt % 2.88+0.02 | 1.08+0.01 | 0.29+0.01 | <0.01 | <0.01 | <0.01 | Balance

ASTM
B9O |25-35 |0.6-1.4 |0.2-1.0 |0.005 |0.05 |0.005 |Balance
[45]
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The unexposed, as-received (AR) material was mounted in cross-
section for microstructural observation. Samples were ground with
abrasive papers to 4000 grit and then polished to a mirror finish using
an OPS water-free silica colloidal suspension. Samples were then
etched and observed using light optical microscopy (LOM). Typical
microstructures are shown in Figure 4-1. The etchant used for all
metallography was a picric acid solution (2.1 g CgH3N3O7 [picric acid],
25 mL C,HgO [ethanol] and 5 mL C,H4O, [acetic acid]). The average
grain size was evaluated using the linear intercept method according to
ASTM E122-09 [46]. The average grain size for the material in both the

rolling and transverse directions was approximately 8.6 + 1.3 um.
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Figure 4-1: Images of the AZ31B-H24 microstructure cut
in cross-section of the:
(A) transverse direction and (B) rolling direction

4.2 Salt Fog U-Bend Testing
42.1 U-Bend Samples

The U-bend samples were rolled using the two stage approach
described in ASTM G30 [45]. The two stage approach, as shown in

Figure 4-3, involves an initial bending operation with sufficient plastic
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deformation to maintain a “U” shape after unloading (Figure 4-2 A and
B) followed by a final bending operation to induce a static applied load

on the bend just prior to exposure (Figure 4-2 C and D).
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Figure 4-2: ASTM G30 U-bend two-stage process [45].

U-bend samples were selected for this study because the two stage
process for U-bend samples applies both plastic and elastic loads, this
ensures that the applied stress is greater than the yield stress and

sufficient to initiate and propagate SCC.

Preparation of the U-bend samples was done by first cutting flat
coupons, 2.54 cm x 17.78 cm. The flat coupons were then cold rolled
followed by surface conditioning (which will be explained in more detail
below) and finally loaded to make the “U” shape shown in Figure 4-2.
Immersion in an ultrasonic bath of acetone (C3HgO) for 300 s was used
as a cleaning step between first stage loading, surface conditioning and

second stage loading.

The flat coupons were cut with the long axis perpendicular to the

rolling direction so that they could be loaded in the transverse direction.
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The transverse direction was selected for all U-bend samples for
consistency. Preliminary salt fog exposures showed no significant
differences in corrosion performance between the rolling direction and
transverse direction. The corrosion performance of preliminary samples
was based on exposure times and was evaluated by visual inspection

and LOM.

The first stage loading was done with a manual rolling press. At this
stage the ends were approximately 9 cm apart, as shown in Figure 4-3
A. All samples were then cleaned by immersion in an ultrasonic bath of
acetone for 300 s. Each sample was then treated with one of six
surface conditions: as-received [AR], mechanically-polished [MP],
sulphuric acid [H,SOg4]-cleaned [AC], H,SO4-cleaned and aged for 300
h [A-AC], mechanically-polished and then H,SO4-cleaned [MP-AC],
C,H402-cleaned [O-AC]. Sulphuric acid has been used in studies to
simulate surface conditions used in the automotive industry [37] [47].
These surface conditions using automotive industrial practice were
selected to comparatively study the effect of H,SO4 treatments on the
resultant SCC resistance. Detailed descriptions of these surface

conditions will be discussed in section 4.2.4.1.

Following surface conditioning, U-bend samples were once again
cleaned by immersion in an ultrasonic bath of acetone for 300 s. The

ends of all U-bend samples were then coated with a galvanic primer
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paint. Polymer washers were also added as spacers to prevent galvanic
coupling between the U-bends and stainless steel load bolts. The
edges of the U-bend samples were coated with silicone to mitigate

edge effects during exposure.

Figure 4-3 shows an as-received U-bend sample after completion of
these preparation steps, just before exposure. The second stage
loading (shown in Figure 4-2 C and D) was done by tightening the
stainless steel load bolt until the ends were 3 cm apart, as shown in
Figure 4-3 B. The geometry of the U-bends and load bolt prevented

tightening to gaps smaller than 3 cm.

Figure 4-3: Two stage U-bend loading process as per ASTM G30 prior to
exposure:
(A)Stage 1 unloaded sample with 9 cm distance
(B) Stage 2 loaded sample to 3 cm distance

All salt fog exposures were conducted in an Ascott 450cc salt fog
chamber. The salt fog was generated by means of an atomizing spray
nozzle using pressurized air and salt solution. At the base of the salt fog

chamber there was a heating coil to assist in maintaining the fog

26



M.A. Sc. Thesis — B. M. Wilson; McMaster University — Materials Science and Engineering

Chapter 4: Experimental Methods

through humidity and temperature control. The chamber was calibrated
by measuring the volumetric flow rate at various points within the
chamber maintaining a uniform volumetric flow rate. Volumetric flow
rates were also measured throughout the full duration of testing.
Exposure conditions in the chamber were controlled by temperature,
humidity, volumetric flow rate, acidity and salinity. The appropriate
exposure conditions were determined by only varying the salinity of the
neutral pH neutral NaCl salt solution. All salt fog testing was conducted
at 35 C, a relative humidity of 95-98%, and a volumetric flow rate of 1.5-

1.8 mm/h.

422 Summary of Salt Fog Testing

There were two experimental objectives studied through salt fog
testing. The first objective was to identify an appropriate NacCl
concentration to study the SCC resistance through solution screening
testing. The second objective was to study the effect of surface
condition on the SCC as a comparative test. A summary of exposures
to identify which surface conditions were exposed during both of the
salt fog tests is provided in Table 4-2. In this table, when a sample of a

given surface condition was exposed it is denoted by a v if they were

not exposed it is denoted with an X.
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Table 4-2: Summary of Salt Fog Experimentation

Experimental Objective

Solution Screening Surface
Surface Condition (NaCl concentration) Condition | Description and Purpose
5wi% | 0.5wt% | 0.05wt% | 0.05 wt%
for 3 for 5 for 11 NaCl
days days days
Determine exposure conditions to study
As-Received SCC resistance.
M AR v v v % Determine  baseline  corrosion  SCC
resistance without surface conditioning.
Determine exposure conditions to study
B) mle;chanically—Polished v v v / SCC r_esistance. N
Investigate effect of surface condition
without use of H,SO,.
Determine exposure conditions to study
SCC resistance.

o) H,SO, Cleaned % / / v It was necessary to study the effect of

AC H,SO, cleaning on SCC resistance as it is
an industrially practiced surface treatment
for AZ31B.

D) Aged H,S0O,-Cleaned % % % % Qualitatively assess possible influence of
A-AC hydrogen embrittlement on SCC resistance.
Mechanically-Polished

E) then H,SO,Cleaned X X X Ve
MP-AC Validate whether or not acid-cleaning result

is intrinsic to H,SO, exposure or is linked to
Organic acid exposure to acidic media.

F) (C,H,0,)-Cleaned X X X v

O-AC
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4.2.3 Salt Fog Solution Screening Experiments

This set of tests was used to find a suitable NaCl concentration to
study the effect of the surface condition on the SCC resistance of
AZ31B-H24 sheet mat