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Structural materials are subjected to combinations of stress and corrosive
environments that work synergistically to cause premature failure. Therefore,
studies on the combined effect of stress and corrosive environments on
material behavior are required. Existing studies have been performed in two
dimensions that are inadequate for full comprehension of the three-dimen-
sional (3D) processes related to stress corrosion cracking (SCC) and corrosion-
fatigue (CF) behavior. Recently, x-ray synchrotron tomography has evolved as
an excellent technique to obtain the microstructure in 3D. Moreover, being
nondestructive in nature, x-ray synchrotron tomography is well suited to
study the evolution of microstructure with time (4D, or fourth dimension in
time). This article presents our recent 4D studies on SCC and CF of Al 7075
alloys using x-ray synchrotron tomography.

INTRODUCTION

In almost all applications, structural components
are not only subjected to stress but also exposed to a
corrosive environment. Therefore, the design and
development of high-performance structural mate-
rials require a thorough understanding of how
mechanical stresses, microstructure, and environ-
ment are related. For many decades, two-dimen-
sional (2D) techniques were used to study the
structure of materials. Yet, this approach is often
inadequate as the properties in the bulk and on the
surface have been found to be much different.1

Several three-dimensional (3D) techniques have
recently become available to visualize and quantify
the microstructure in three dimensions.2 Among
them, x-ray tomography has gained popularity as it
is nondestructive in nature and requires minimal
sample preparation time.3,4 As a result of improved
optics and computation, the imaging resolution in
x-ray synchrotron tomography has now reached
submicrometer to nanometer range.5–10

In the last two decades, many ex situ x-ray
tomography experiments have been conducted to
understand the mechanical behavior of materials.
Yet, these ex situ experiments have consisted of

postmortem characterization after testing. A com-
plete understanding of the structure–property cor-
relation requires a thorough understanding of the
evolution of the microstructure with time (also
called 4D studies, where the fourth dimension is
time).11,12 The nondestructive nature and high
brilliance of x-ray synchrotron tomography make
it suitable for in situ mechanical testing experi-
ments, where microstructure evolution can be stud-
ied as a function of time under the applied load.13–15

Many in situ experiments under compression,16,17

tension,2,18,19 creep,20 and cyclic loading
(fatigue)21–25 have been conducted.

In situ x-ray synchrotron tomography experi-
ments are of utmost importance in the investigation
of stress corrosion cracking (SCC) and corrosion
fatigue (CF), where higher temporal resolution is
required. Nevertheless, conducting in situ experi-
ments in corrosive media is extremely challenging,
especially with regard to the mechanical testing
stage design. The difficulties in designing the
loading stage include specimen alignment, weight
limitation, requirement of a material that is trans-
parent to x-rays and sustains mechanical loading,
and reaction of a corrosive environment with the
parts of a loading stage. Over the years, several
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in situ experiments have been conducted to inves-
tigate stress corrosion cracking (SCC)26–28 and
corrosion fatigue.29 Babout et al.26 and Marrow
et al.27 observed the development of bridging liga-
ments during propagation of stress corrosion cracks
in stainless steel. They proposed that these bridges
provide resistance to the propagation of stress
corrosion cracks. Later, King et al.28 coupled x-ray
tomography with diffraction contrast tomography
(DCT) to demonstrate that certain grain boundaries
are resistant to IGSCC (intergranular stress corro-
sion cracking) and that these boundaries are also
associated with crack bridging ligaments. These
studies have been conducted in steels and do not
quantify the stress corrosion crack growth rates.
Moreover, studies on the effect of stress on localized
corrosion behavior of inclusions and visualization/
quantification of hydrogen bubbles evolution in Al
alloys have not been performed.

In this article, we report our recent results on the
use of x-ray synchrotron tomography to understand
the SCC and corrosion-fatigue behavior of 7075 Al
alloys. Details of the loading stages to perform
in situ experiments in liquid and moisture environ-
ments have been provided. Three in situ examples
have been used to demonstrate the importance and
necessity of x-ray synchrotron tomography in the
investigation of stress corrosion cracking and cor-
rosion fatigue.

EXPERIMENTAL SETUP

Materials and X-ray Tomography

Stress corrosion cracking and corrosion-fatigue
tests were performed on rolled 7075 aluminum
alloys. These alloys are used in structural applica-
tions as a result of their high strength-to-weight
ratio.30,31 Al 7075 alloys contain second-phase par-
ticles, such as precipitates and inclusions.30,31

These nanoscale precipitates hinder the movement
of dislocations and therefore provide an excellent
strength-to-weight ratio. Yet, the presence of the
second-phase particles in these alloys can also
increase their susceptibility to SCC and CF. The
typical composition of rolled Al 7075 alloy used in
the study was 5.63 Zn, 2.45 Mg, 1.55 Cu, 0.19 Cr,
0.18 Fe, 0.049 Ti, 0.045 Si, 0.008 Mn, 0.004 Ni, and
rest Al (all in wt.%). The average values of the grain
size of this alloy were �50 lm along the S direction,
�300 lm along the T direction, and �900 lm along
the L direction. Figure 1a shows the schematic of a
rolled plate indicating all directions and planes. In
rolling technology, L represents the longitudinal or
rolling direction, T represents the transverse direc-
tion, and S represents the short-transverse direc-
tion. In situ experiments were performed in
commercially available peak-aged (T651) or under-
aged conditions. To obtain an under-aged condition,
7075-T651 aluminum alloy was first solution trea-
ted at 475�C for 2 h, then quenched in water, and
finally aged at 120�C for 80 min. The average

Vickers hardness values of T651 and under-aged
tempers were �176 HV and �136 HV, respectively.
Single-edge notched (SEN) specimens, as shown in
Fig. 1b, were used for the in situ tests. The thick-
ness of the specimen and notch size were 2.8 mm
and 0.35 mm, respectively. The specimens were
loaded either in S–T or L–T orientations during
in situ testing, where loading in S–T orientation
implies that the direction of an applied load is
parallel to the short-transverse (S) direction and the
crack grows in the transverse direction (T), i.e., on
L–T plane (Fig. 1b). SENT specimens were fatigue
precracked before performing in situ experiments.
Precracking was performed ex situ using a micro-
force testing system (MTS Tytron 250 at Arizona
State University). Nucleation of a crack from a
notch is a time-consuming process that requires a
higher load. Therefore, precracking was performed
to obtain a sharp crack that can reduce the time for
crack initiation/propagation while performing
in situ studies. This helped in collecting enough
information (or tomography scans as discussed in
next paragraph) in the limited time available at
Argonne National Laboratory to perform in situ
experiments.

X-ray tomography was performed at the 2-BM
beamline of the Advanced Photon Source at
Argonne National Laboratory. The details of the
tomography system at 2-BM have been provided
elsewhere.32,33 A scintillator screen (LuAG:Ce or
CdWO4) was coupled with an objective lens and a
camera to capture 2D x-ray images of the speci-
mens. These 2D projections were captured at an
angular interval of 0.125� across a 180� range and
were reconstructed using algorithms, such as a
Gridrec Fast Fourier Transform (FFT)-based algo-
rithm or filtered back-projection (FBP) reconstruc-
tion algorithm, to obtain 3D reconstruction.9 The
grayscale images obtained after reconstruction were
analyzed, segmented, and quantified using ImageJ
(ImageJ, Bethesda, MD), Matlab and Avizo� Fire
(VSG, Burlington, MA). Three-dimensional render-
ing was performed using Mimics (Materialise, Ann
Arbor, MI) and Avizo Fire (VSG, Burlington, MA)
software.

In Situ Loading Stage for Corrosive Environ-
ments

In situ experiments require a specialized loading
stage to perform mechanical testing. Figure 2 shows
the loading stage for testing in air.34 The stage has a
stepper motor coupled with a linear actuator (stroke
length of 25 mm), a 500-N capacity load cell, a top
grip attached to the actuator, and a bottom grip
attached to the load cell. As a result of the weight
limit of the motion stage at the 2BM beamline, the
weight of the mechanical testing stage was
restricted to 2 kg. The specimen was loaded from
the top and clamped between the top and bottom
grips, as shown in Fig. 2. Being transparent to
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x-rays, a PMMA (Poly methyl methacrylate) sleeve
was used to transmit the load from the top to the
bottom of the stage. The loading stage must have
provisions for specimen alignment to reduce the
contribution from bending during uniaxial loading.
Concentric alignment was done by translating the
top grip relative to the bottom grip using set screws.
Shims were used to minimize the axial misalign-
ment. The top grip was also allowed to rotate freely

about its mounting screw to self-align in the third
rotational direction. It should be noted here that the
philosophy of loading stage design has remained
same over the years. In other studies,26–28 a load cell
has also been used to measure the load, a motor to
apply displacement, and x-ray transparent sleeve
(PMMA) to transfer the load from the top of the
stage to the bottom. Yet, the size and specifications
of the loading stage were different. For example, the
capacity of the load cell in the study of Babout
et al.26 was 5 kN as compared with 500 N in this
study.

To perform in situ testing in corrosive media,
modifications were incorporated into the original
loading stage (Fig. 2). The mechanical testing stage
(or loading stage) to perform tests in moisture is
shown in Fig. 3a.35 An annular wet sponge was
placed at the bottom of the loading stage for
continuous supply of moisture. A plastic wrap was
used to cover the top opening of the stage to
minimize moisture escape and maximize the rela-
tive humidity (R.H.). A humidity sensor was also
placed inside the loading stage to measure the
temperate and relative humidity throughout the
experiment. The specimen was clamped between
the top and bottom grips.

Modifications in the original loading stage (Fig. 2)
to perform experiments in the liquid environment
are shown in Fig. 3b.36 The bottom steel grip was
replaced with PEEK (Polyether ether ketone) as it is
chemically inert to many solutions and exhibits
sufficient strength. To accommodate the specimen, a

Fig. 1. (a) Schematic of a rolled Al 7075 plate shows all directions (L, T, S) and planes (L–T, S–T, S–L) and (b) schematic of a single edge
notched (SEN) specimen to perform in situ experiments. The loading direction, crack growth direction, and crack growth plane have been shown
in (b) when the specimen is loaded in S–T orientation.

Fig. 2. In situ loading stage, showing all components, to conduct
mechanical testing in air.34 Load cell is at the bottom of the stage,
and displacement is applied through the motor.
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rectangular hole was made on the top of the
cylindrical PEEK grip. Furthermore, to accommo-
date the stainless steel, a circular hole was made on
the side wall of the cylindrical PEEK grip. It is to be
noted here that the steel pin also passes through the
hole made in the specimen. Epoxy was then added
to increase the strength and permanence of the
connection between the sample and the grip.
Although the bottom was pin loaded, the top part
of the sample was clamped in the top steel grip
(similar to the moisture case). To hold the corrosive
fluid, a Kapton tube (also chemically inert to many
solutions) was attached to the PEEK cylinder with
epoxy.

RESULTS AND DISCUSSION

In Situ Stress Corrosion Cracking of Al 7075
Alloys

In Situ SCC in Moisture

The arrangements in the loading stage, as shown
in Fig. 3a, provided a constant relative humidity of
�95–96%.35 In situ SCC experiments were per-
formed in moisture to understand the crack growth
behavior of Al 7075 alloys in three dimensions. The
energy of the monochromatic x-ray beam was
�24 keV. Figure 4 shows the 3D rendering of stress
corrosion cracks with time at a constant load of
110 N. Note that the time here represents that
cumulative time of stress corrosion cracking. By
using x-ray synchrotron tomography, it was possible

to detect two independent cracks that would not
have been possible to observe by conventional 2D
techniques. Furthermore, significant variations in
the crack length were observed through thickness,
asserting the need for 3D measurement techniques
over 2D characterization. In general, the crack
growth behavior during fatigue (in air) has been
observed to vary from the surface to the interior of
the specimen. The crack length is always larger in
the interior than on the surface as a result of the
plane stress condition in the latter.12 Yet, the crack
growth behavior during SCC becomes more nonuni-
form, especially when the crack growth is inter-
granular in nature, i.e., through grain boundaries.
The SCC crack growth in aluminum alloys has been
thought to be intergranular in nature and therefore
crack bridging (‘‘Introduction’’ section), formation of
discontinuous cracks (discussed in next paragraph),
etc. take place, leading to a highly nonuniform crack
growth.

Interestingly, discontinuous cracks were observed
on both sides of the specimen, as shown in Fig. 5.
These 2D images were obtained from x-ray syn-
chrotron tomography after 25 h of stress corrosion
cracking. These discontinuous surface cracks have
also been observed in Al alloys37 and steel.38 It was
suggested that surface cracks nucleate in front of
the main crack, grow separately, and then combine
with the main crack.36,37 Here, surface cracks
represent the cracks on the surface of the specimen;
i.e., surface crack length will indicate the length of
the crack on the surfaces (sides) of the specimen.

Fig. 3. Interior modification in the original loading stage (Fig. 2) to perform in situ experiments in corrosive environments (a) in moisture35 and (b)
in liquid environment.36 Note that the bottom steel grip in (a) was replaced by PEEK in (b) to accommodate the liquid environment in the latter.
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Figure 6a through f shows the formation of one
discontinuous surface crack and further growth in
3D. Figure 6a through d shows the side view of the
crack, whereas Fig. 6e and f provides the top view of
Fig. 6a and b, respectively. These 3D renderings
with time (in the legend) show that these discon-
tinuous surface cracks are connected in 3D. It is
evident that the main crack grew from inside
(Fig. 6a and b) and finally appeared as a discontin-
uous and separate crack on the surface. The
appearance of the discontinuous crack can clearly
be seen at 17.8 h (Fig. 6e) and 19.9 h (Fig. 6f) of
SCC crack growth. The formation of these discon-
tinues cracks might be attributed to the intergran-
ular crack growth behavior of Al 7075 alloys as the
vertical distances between the surface cracks on
both surfaces (Fig. 5) is approximately the same as
the grain size along the S direction.

The 2D and 3D crack growth rates were measured
and compared (Fig. 7). The crack growth rates were
measured using the average crack lengths through
thickness (3D measurement) and average of the
crack lengths of both surfaces (2D measurement).
The standard process of obtaining crack growth
data in 2D is to measure crack lengths on the
surfaces; therefore, we have followed the same while
dealing with 2D measurements. The calculated
crack growth rates in 2D showed significant vari-
ability than the calculated 3D growth rates using
the average crack length through the thickness.
Moreover, the deviations in 2D surface crack
lengths led to significant differences in the stress
intensity factors, as demonstrated by the error bars

Fig. 4. 3D SCC crack profile of Al 7075, in moisture, as a function of
time. Note that there are two independent cracks and crack length is
highly nonuniform through the thickness.35 The time here is the
cumulative time during SCC.

Fig. 5. 2D x-ray tomography images show discontinuous cracks on
both surfaces (parallel to S–T plane) of the sample.35

Fig. 6. 3D rendering of SCC crack shows the appearance of discontinuous crack on the surface and further growth (a–d: side view, e–f: top
view). Crack appears on the surface in (b) and then continues to grow (c–d). The top views of (a) and (b) are shown in (e) and (d), respectively.35
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in Fig. 7. In the case of 2D (filled blue circles), the
stress intensity factor value is calculated by using
the average crack length of the two surface crack
lengths. The error bar is the difference between the
two stress intensity factors (or the range of stress
intensity factor) calculated from the two surface
crack lengths. The calculation of a stress intensity
factor for SEN specimen was performed using the
equations proposed by Ahmed et al.39 The large
difference in the surface crack lengths can be
attributed to the highly nonuniform growth of the
SCC crack that includes formation of discontinuous
cracks and independent growth of the two cracks.
The results obtained here show the necessity of 3D

techniques, such as x-ray synchrotron tomography,
to study the crack growth behavior during stress
corrosion cracking.

In Situ SCC of Al 7075 in Deionized Water

To understand the SCC behavior of Al 7075 alloys
in deionized water, in situ experiments were per-
formed using the arrangements shown in Fig. 3b.36

A constant load of 130 N was applied on an under-
aged Al 7075 specimen in S–T orientation (Fig. 1b).
A pink beam, with an energy range of 15–31 keV,
was used in place of the conventional monochro-
matic beam used earlier. The pink beam provides a
higher photon flux than does a monochromatic
beam. Therefore, the use of a pink beam resulted
in faster data acquisition, i.e., more number of
scans, leading to more information on the progres-
sion of corrosion. Although use of a monochromatic
beam results in a scanning time of 20 min, the
scanning time in the pink beam is a few seconds.34

It should be noted here that the crack did not
grow for the initial 12 h after the start of SCC.
Therefore, the specimen was again precracked
in situ in DIUF (deionized ultra-filtered) water at
Argonne National Laboratory to grow the crack
further (obtain a sharp crack). This was followed by
SCC at a constant load of 130 N. Figure 8 shows the
minimum Z-projection of a 3D volume when looking
into the crack growth plane (L–T plane) after
�56 min of stress corrosion cracking in deionized
ultra-filtered (DIUF) water.36 The 3D volume was
obtained after reconstruction of the obtained 2D
images during scan, as mentioned earlier. In addi-
tion to the notch, precracked, and SCC regions,
hydrogen bubbles can also be observed on both
surfaces of the specimen. As tomography scans were
taken frequently, the crack profile was known
before and after in situ precracking, leading to
demarcation of these regions, as shown in Fig. 8.

Fig. 7. Comparison of SCC crack growth rates based on 2D and 3D
measurements. 2D measurement includes crack lengths on both
sides of the specimen, whereas 3D measurement includes crack
length through the thickness of the specimen. 3D crack growth rate
measurement is uniform.35

Fig. 8. Minimum Z-projection of a 3D volume after 56 min of SCC.36 The Z-projection shows notch, SCC, and precracked regions and hydrogen
bubbles. Note that loading was done in S direction, and therefore, the crack growth plane is L–T (Fig. 1b).
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Many of these surface hydrogen bubbles were
found to be in close proximity to Mg2Si particles,
which are generally present in aluminum alloys as
second-phase inclusion particles.31,40 It has been
shown that these inclusions are more anodic than
the matrix in acidic and neutral media; i.e., they

form galvanic couples with the aluminum matrix.41

These Mg2Si inclusions tend to dissolve into the
solution (anodic reaction), resulting in the evolution
of hydrogen bubbles resulting from cathodic reac-
tions.41–43 It has also been proposed by several
authors that magnesium selectively dissolves into

Fig. 9. (a–c) Hydrogen bubble evolution with time as corrosion of Mg2Si inclusion progresses. Hydrogen bubble generates as a result of cathodic
reactions, and the volume of this bubble increases as dissolution of Mg2Si progresses. 3D rendering of the corresponding hydrogen bubble at (d)
50 min and (e) 56 min.36

Fig. 10. Plastic zone contour (solid yellow) shows that Mg2Si inclusions producing hydrogen bubbles are within the plastic zone, indicating the
effect of stress on the formation of hydrogen bubbles from Mg2Si inclusions during SCC.36 Notch is also shown with a dotted yellow line (Color
figure online).
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the solution (dealloying process) leaving behind Si-
rich particles.43 As a result of the slightly acidic
nature of DIUF water (pH � 5.5) and absence of
other ions, we believe that hydrogen evolution is the
result of cathodic reaction.

Figures 9a through c shows the progress of cor-
rosion of Mg2Si along with the evolution of a
hydrogen bubble with time. The three-dimensional
renderings of the same hydrogen bubble at 50 min
and 56 min of SCC are shown in Fig. 9d and e,
respectively. As 1 mol of hydrogen gas is produced
by 1 mol of magnesium, the change in volume of
hydrogen bubble (from 50 min to 56 min) can be
used to calculate the corrosion rate of Mg2Si inclu-
sions. Two Mg2Si inclusions on the surface, where

hydrogen bubbles did not move with time, were
selected for the purpose of calculation of the corro-
sion rate. The calculated corrosion rates of the
Mg2Si inclusions were found to be �2.55 9 102

g/m2 days and 3.68 9 102 g/m2 days. These results
indicate that x-ray synchrotron tomography can be
used to measure the localized corrosion rates.

In aluminum alloys, halide (chloride) ions are
required to break the passive film, resulting in
pitting corrosion.44 Interestingly, pitting corrosion
occurred in the absence (or negligible) of chloride
ions in DIUF water during the SCC experiment.
This might be attributed to the effect of stress that
contributed to the formation of a fresh-cracked
Mg2Si particle or debonded surface, leading to the

Fig. 11. 2D x-ray tomography images (a) before addition of EXCO solution and (b) after corrosion fatigue in the presence of EXCO solution. Note
that notch, hydrogen bubbles, corrosion product, and corrosive fluid (EXCO solution) have been shown. (c) 3D renderings of a fatigue crack
(fluid + bubble) and corrosion products. Note that the rendering of corrosion products is from a selected area.29
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initiation of corrosion. The role of stress on pitting
corrosion is shown in Fig. 10, which is a 2D slice
approximately 8.8 lm away from one of the two
sides of the specimen (parallel to the S–T plane). It
should be mentioned here that the tomography
scans did not show any bubble in the first 12 h of
SCC before in situ fatigue precracking was per-
formed. Additionally, no bubbles were observed
near Mg2Si inclusions even after 40 min of stress
corrosion cracking.36 As these surface bubbles
appeared only after 40 min of SCC, we can conclude
that these are not trapped air bubbles (while

pouring deionized water in the Kapton tube) but
are hydrogen bubbles generated as a result of the
cathodic process during corrosion. As the crack grew
longer, hydrogen bubbles were only observed near
the crack tip region (labeled as ‘‘bubble region’’) and
not near the notch/precracked region (marked as
‘‘no bubble region’’). The other side of the specimen
showed the same trend where bubbles also appeared
only in front of the crack tip. This behavior might be
attributed to the higher stress intensity factor at the
crack tip, which resulted in the fracture of particles
or debonded surface. To substantiate this hypothe-
sis, a plastic zone was calculated at the crack tip in
the plane stress condition and then overlaid (sold
yellow contour) on the 2D x-ray tomography image
(Fig. 10). It should be mentioned here that the
plastic zone size is twice the radius of yielding and
the calculation was based on the mode I crack
opening and von Mises yield criterion.45 It is evident
from Fig. 10 that Mg2Si particles producing hydro-
gen bubbles were well within the calculated plastic
zone. This supports our hypothesis that stress is
important in driving corrosion of Mg2Si particles in
the absence of halide ions.

In Situ Corrosion-Fatigue of Al 7075 Alloys

In situ corrosion-fatigue experiments were per-
formed on Al 7075-T651 using the arrangements
shown in Fig. 3b.29,34 An EXCO solution (4 M NaCl,
0.5 M KNO3 and 0.1 M HNO3) was used as a
corrosive medium to ensure a significant amount
of corrosion in the limited time available at the
synchrotron beamline. EXCO is used as a standard
solution to assess the exfoliation corrosion suscep-
tibility of aluminum alloys.46 The sample was
loaded in L–T orientation; i.e., the loading direction,
crack growth direction and crack growth plane were
L, T, and S–T, respectively. Fatigue experiments

Fig. 12. Fatigue crack growth rates with and without EXCO solution.
Crack growth rate is higher in the presence of a corrosive environ-
ment.

Fig. 13. 2D x-ray tomography images show changes in the morphology of hydrogen bubbles and formation of a new hydrogen bubble during a
fatigue cycle (right figure).29,34
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were conducted in the Paris law regime at a
frequency of 0.5 Hz and R-ratio of 0.1. A pink beam
was used for the advantages discussed earlier.

Figure 11a and b represents 2D x-ray syn-
chrotron tomography images before and after
fatigue corrosion (after 142 min of addition of
solution), respectively. Hydrogen bubbles inside a
fatigue crack, corrosion product (formed as a result
of a reaction between Al 7075 and EXCO solution),
and corrosive fluid (EXCO solution) can be observed
in Fig. 11b, which were not present in Fig. 11a.
Peak-aged Al 7xxx alloys have been shown to be
highly susceptible to exfoliation corrosion.47–49 The
corrosion products have been thought to be Al(OH)3,
and hydrogen bubbles are produced as a result of
cathodic reaction.29,48–50 Figure 11c shows the cor-
responding 3D rendering of the fatigue crack,
hydrogen bubbles, corrosive fluid, and corrosion
products. It is to be noted that segmentation of
corrosion products was performed only on a few
slices, i.e., only from a part of crack. The hydrogen
bubbles occupied approximately 32% of the overall
volume of the fatigue crack.

Figure 12 shows the measured fatigue crack
growth rates with and without the EXCO solution,
where it is evident that the presence of corrosive
medium accelerated the crack growth rate.
Recently, Maralund et al.48,49 proposed that exfoli-
ation corrosion in aluminum alloys can occur via
intergranular dissolution-induced damage (IDD) or
intergranular fracture-induced damage (IFD) or a
combination of these two mechanisms. These mech-
anisms along with fatigue damage led to higher
crack growth rates of Al 7075 alloys in EXCO
solution than in air.

Figure 13 shows the changes in the morphology of
hydrogen bubbles and formation of a new hydrogen
bubble (inside a fatigue crack) during a fatigue
cycle. This new hydrogen bubble can be observed at
position C that was not present in position B. All
bubbles were squeezed as the crack closed during
unloading (position D). These results provide
insights into the fundamentals of evolution of
hydrogen bubbles inside a growing fatigue crack
that would not have been possible with conventional
2D measurement techniques.

SUMMARY

We have described our recent in situ experiments
to show the importance and necessity of x-ray
tomography in the investigation of stress corrosion
cracking and corrosion fatigue. By using x-ray
synchrotron tomography, we have been able to
show that discontinuous surface cracks in SCC are
a single continuous and tortuous crack in three
dimensions (3D). Crack growth rates obtained from
3D measurement have been found to be more
realistic than crack growth rates obtained from 2D
techniques. During SCC of Al7075 alloys, it was
shown that stress is necessary to initiate the pitting

corrosion of Mg2Si particles in DIUF water. During
fatigue in EXCO solution, the morphology of hydro-
gen bubbles inside the crack changed during a
fatigue cycle along with the formation of a new
hydrogen bubble. These results would not have been
attainable through conventional two-dimensional
techniques and require a three-dimensional tech-
nique such as x-ray tomography.
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