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This study investigated the corrosion and stress corrosion cracking susceptibility of 316L stainless steel exposed
to 550 °C and 600 °C supercritical water. XRD, SEM, EDS and EBSD analyses have been carried out to char-
acterize the microstructure of the tested specimens. Results indicate that increasing the test temperature reduced
the corrosion and SCC resistance of 316L SS. The oxide scale of corroded specimen shows a duplex structure, and
the fracture analysis indicates that the formation of Fe30, ‘channels’ in the Fe-Cr spinel layer contributes to the
intergranular and transgranular SCC of the materials in 550 °C and 600 °C SCW.

1. Introduction

Generation IV reactors are attractive due to their high efficiency and
safety [1,2]. The supercritical water cooled reactor (SCWR) is one of the
most promising of the six innovative Generation IV reactor concepts
because it offers advantages, such as simplification of components and
higher efficiency [3,4]. By operating above the thermodynamic critical
point of water (374 °C, 22.1 MPa), a single phase coolant is used in
SCWR and many components, such as steam generators, steam se-
parators, dryers, recirculation and jet pumps are not necessary [5,6].
Thus, the design of the reactor is greatly simplified.

In SCWR, the fuel cladding experiences the most severe conditions
among the in-core structural components. During normal operation, the
temperature on the fuel cladding can be 600 °C, and it can be even
higher during transients. The higher the operating temperature, the
higher the possibility that the fuel cladding material will fail due to
creep [7], corrosion [6,8] or stress corrosion cracking (SCC) [6], which
can result in leakage of fission products and pose great challenges to the
reactor safety.

Stainless steels (SS) [8,9], nickel based alloys [10,11] and oxide dis-
persion strengthened steels (ODS) [12,13] have been proposed as candidate
materials for fuel cladding and other core components in SCWRs, and ex-
tensive research has been conducted to examine the corrosion and SCC
performance of those materials [14-17]. Among the candidate materials,
austenitic stainless steels (SSs) are the least expensive, and some research
[6] indicates that their corrosion resistance are better than nickel-based
alloys. However, other research [18,19] reported that the corrosion rate of
316L SS was much higher than nickel-based alloys.
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Maderuelo [20] reported that 316L SS was susceptible to SCC when
exposed to supercritical water, and the susceptibility increased with
increasing temperature. Teysseyre and Was [21] compared the SCC
behavior of 304L SS, 316L SS, Alloy 625 and Alloy 690, and found that
all alloys displayed some intergranular stress corrosion cracking
(IGSCC) at 400 °C and 550 °C. Shen and Zhang [22] studied the effect of
temperature on the SCC behavior of 316Ti SS in SCW, and concluded
that the failure mode of 316Ti SS was IGSCC at 550 °C, while no SCC
was observed at temperatures of 600 °C and 650 °C. To date, the results
on the corrosion and SCC behavior of SSs in SCW are limited and
controversial, so further research is needed.

The present work studies the corrosion and SCC susceptibility of
316L SS exposed to 550 °C and 600 °CSCW. The microstructure and
composition of oxide scale formed on the 316L SS is examined. Special
emphasis is placed on the analysis of the fracture process of the mate-
rials and the SCC mechanism.

2. Experimental procedure

Type 316L SS has been widely used in Generation II and III light
water reactors and thus it was evaluated in this program. The type 316L
SS was tested in the solution annealed condition. The chemical com-
position and microstructure of this material are shown in Table 1 and
Fig. 1, respectively.

The microstructure is typical of austenitic SS and the average grain
size is about 30 pm.

Specimens for corrosion and slow strain rate tension (SSRT) testing
were cut from the solution annealed plate and the surfaces were
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Table 1
Chemical composition of 316L SS(wt.%).

Steel Fe Cr Ni Mo Mn Si Cu v P S Co C

316L SS Bal. 16.38 9.60 3.15 1.60 0.41 0.51 0.07 0.03 0.01 0.28 0.01

Table 2
Test conditions for the corrosion and SSRT tests.

Tests General SSRT
corrosion

Parameters Water Argon
Temperature 550 °C 600 °C 550 °C 600 °C 550 °C 600 °C
Inlet conductivity =<0.1 pS/cm =<0.1 pS/cm /
Pressure 25 MPa 25 MPa 0.1 MPa
Oxygen concentration (in =5ppb <5 ppb /

mass)
Strain rate (s~ ') / 1x107° 1x10°°
PH (room temperature) 7 7 /
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Fig. 1. EBSD image of the solution annealed 316L SS. § 200 200
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20 X 10 x 2mm, and the gauge section of the SSRT specimens was 0=t : : - - ; : 0
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The corrosion and SSRT tests were conducted in an autoclave con- Exposure Time (h)
nected to a water chemistry control loop. Fig. 2 shows the schematic Fig. 3. Weight gain vs. time of 316L SS in 550 °C and 600 °C SCW.

representation of the test system, which can operate up to 30 MPa and
670 °C. The testing conditions for the corrosion and SSRT tests are listed
in Table 2.

The oxygen content was controlled by bubbling high-purity argon
into the water. For the corrosion test, the exposure periods were 100,
300, 600, 1000 and 1500 h after each exposure period, the dimensions
and weight of the corroded samples were measured and the weight gain
per unit area was calculated. Scanning electron microscope (SEM),
energy dispersive spectroscopy (EDS), electron back-scattered diffrac-
tion (EBSD) and X-ray diffraction analysis (XRD) techniques were used

to characterize the microstructure and phase evolution in the corrosion
and SSRT tests.

3. Results and discussion

3.1. Weight gain and oxide scale analysis

Fig. 3 shows the mass gain of the samples after being immersed in SCW
Fig. 2. Schematic of the corrosion and SSRT test system.
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Fig. 4. SEM image and EDS analysis results from a cross section of the specimen
tested at (a) 600 °C/100 h, (b) 600 °C/600 h, (c) 600 °C/1000 h, (d) 600 °C/1500 h
Suterlayer and (e) 550 °C/1500 h.
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for different times. At all temperatures, as testing time increased, the weight Prior research [6,23,24] also reported that the weight gain of 316L SS
gain of the samples increased. The rate of weight gain decreased with and other materials increased with temperature in SCW or subcritical water.
testing time, more slowly at 600 °C than 550 °C. The weight gain of samples In the present research, the weight gain (Aw) of 316L SS as a function of
tested at 600 °C is much higher than at 550 °C. exposure time can be fitted by the following equation:
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(a) 2500 oo b e by by o e b by e e b 2500 for different times.
200{)—: m yphase & FeaDs @ Spinel * Cr20Os L 2000
1500 4 - 1500
o n r
Z 1000 ! s = a . 1000
g 7 600h . . ® A ol -
=] A L
0 = - b
= 500 - 500
— 1 100h B
Al A o A B
0] o
-500—: Malrix < — -500
-1000 . L LI T 7 T T 7 LI T T F -1000
20 30 40 50 60 70 80 90
28/°
20 30 40 50 60 70 80 90
(b) 90000 ] e g g ity PR PR el RN P | R ot e R ! : 90000
80000_; = ¥ phasc & ligs0a o Spinel + Cr20s ?80000
70000 - 70000
60000 3 TR 5 E 60000
50000 3 . t S - 50000
& 11500n ® . h . Tt :
T 400007 A —'F 40000
8 30000317000 | £ 30000
= 1 600h | el VEE y:
20000 5 = F 20000
1 300h F
10000 3 L s - i £ 10000
0 ‘ : )
1 Matri; . .
-10000 X A £ 10000
T | R I | PR PRI I | PRI
20 30 40 50 60 70 80 90
26/°
the specimen exposed to 600 °C SCW for only 100 h. The formation of
Aw = kt* (@]

where t is the exposure time, n is a parameter reflecting the time de-
pendence of the oxide growth, and k is the rate constant.

The fitted results are also shown in Fig. 3. k increases with tem-
perature, reflecting a higher weight gain at 600 °C than at 550 °C. The
time exponent (n) for samples tested at 550 °C and 600 °C is 0.717 and
0.725, respectively. The response apparently follows a law between
parabolic and linear, indicating a relatively low protectiveness of the
oxide. For parabolic growth, diffusion of metal cations and oxygen
anions is the rate-controlling step. For stainless steels exposed to SCW,
deviation from the parabolic law has been reported [25,26] and this
may be attributed to the microstructure of the oxide formed on the
surface of the specimens, as discussed later.

To examine the corrosion behavior of 316L SS in SCW, the cross
section of the samples tested at 550 °C and 600 °C is examined with
SEM and EDS (Fig. 4). The oxide scale contains two layers: the outer
one and the inner one, regardless of the test temperature. The EDS
results indicate that the outer layer is rich in Fe and O, and depleted of
Cr and Ni, as well as other elements. The inner layer is rich in Cr, and
the Fe content in the inner layer is greatly reduced compared with the
outer layer and the matrix, indicating that a Cr-enriched oxide is
formed. Pores are observed in outer layer of the oxide scale, even for
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pores leads to faster growth of inner layer by access of SCW through
those pores, and this could be an explanation for why the oxide for-
mation on 316L SS does not follow a parabolic law.

XRD analysis was conducted to identify the phases in the oxide
(Fig. 5). At 550 °C(Fig. 5(a)), Cro03; and Fe30,4 are detected on the
sample exposed for 100 h. Fe-Cr spinel is also detected, but its amount
is limited compared to Cr,O3 and Fe;O04. When the exposure time is
increased to 600 h, the content of Fe-Cr spinel in the oxide scale in-
creases greatly, while the content of Cr,O3 decreases. This is because
with increasing exposure time, Cr,O3 can react with Fe to form Fe-Cr
spinel, which decreases the content of Cr,O3 in the oxide scale. The
other reason is that the thickness of the oxide scale increases with the
increasing exposure time, which can inhibit XRD signal from Cr,O3 in
the inner oxide.

At 600 °C(Fig. 5(b)), the phase of the oxide at 300 h, 600 h, 1000 h
and 1500 h is the same, and Cr,03, Fes0,4 and Fe-Cr spinel are detected.
When the exposure time increases to 1500 h, the amount of Cr,0s5 is
greatly reduced, for the same reason as in the 550 °C samples.

Thus, it is reasonable to conclude that the phase in the outer oxide layer
is Fe304, while in the inner layer, the main phase is FeCr,0,4. No Fe,O3 was
detected in the oxide film, even at test temperatures as high as 600 °C,
which contradicts some previous studies [27,28] that Fe,Os is detected on
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Fig. 6. SEM images of the surface of specimens ex-
posed to SCW (600 °C/25 MPa) for (a) 100 h, (b)
300h, (c) 600h, (d) 1000h, (¢) 1500h and (f)
magnified image of region I in (b), (g) magnified
image of region II in (b), (h) EDS results for region I
and II.
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the outmost layer of the oxide scale. The phases formed on the surface of
316L SS exposed to SCW depends on: (1) the content of oxygen in the SCW;
(2) the test temperature and (3) the composition of the alloy. In the present
research, the oxygen content in the water is very low because Ar is con-
tinuously bubbled into the water, so the oxygen partial pressure on the
outer surface of the oxide scale exposed to SCW is very low [29,30].

Fig. 6 shows the evolution of the surface morphology with in-
creasing exposure time. When the test time is <600 h, the surface of
the corroded samples consists two different morphologies, as indicated
by I and II in Figs. 6(a) to (c). The area of part II decreases with time
and Fig. 6(d) and (e) show that the surface morphology is uniform and
only contains the morphology I in Fig. 6(a) to (c).

Magnified images of part I and II are shown in Fig. 6 (f) and (g),
respectively. The grain size of part I is much larger than part II. EDS
examination reveals that the compositions of part I and II are the same,
and only Fe and O are detected. The outmost oxide layer is Fe3Oy,
which is not formed uniformly on the surface.

4.8 72 9.6 12.0

Lscc:8.7 0 Cnts 0.000 kev Det: Octanc Pro Det

Fig. 7 is a cross-sectional SEM micrograph with corresponding EDS
elemental maps of 316L SS exposed to SCW for 1500 h at 550 °C
(Fig. 7(a)) and 600 °C (Fig. 7(b)). It can be found that the thickness of
the oxide scale at 600 °C is much greater than at 550 °C, in agreement
with the weight gain tests. The compositions of the oxide scales formed
at the two temperatures is similar. The oxide scale formed in 550 °C
SCW contains two layers: an outer one rich in Fe and O, but depleted of
other elements, and an inner one composed of Fe, Cr and O. Ni en-
richment near the interface of the matrix and the inner layer is observed
on samples exposed in 550 °C and 600 °C SCW. Of the main constituents
of 316SS, Ni is the noblest element in SCW environment, and it can
diffuse away from areas undergoing oxidation. This observation in-
dicates that, although the corrosion rate of the materials tested at dif-
ferent temperature is different, the composition of the oxide scale is the
same.

Thus, the oxidation process of 316L SS in SCW is schematically
shown in Fig. 8. Early in the oxidation process in SCW, protective
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(b)

Fig. 7. Cross-sectional SEM micrograph with corresponding EDS elemental maps of Fe, Cr, Ni and O of 316L SS exposed to (a) 550 °C and (b) 600 °C SCW for 1500 h.

chromium oxide can be formed, given the high oxygen affinity of Cr,
and this has been confirmed by the XRD analysis shown in Fig. 5. Cr,O3
is formed through the following reaction:

2Cr + 3H20 = Cr203 +3H2 (2)

The cross sectional EDS line analysis (Fig. 4) shows that there is no
area that contains only Cr and O, which indicates that no continuous
Cr,03 film is formed. Thus Cr,O3 forms only as discrete islands in the
matrix, as schematically shown in Fig. 8(b). No continuous film of
Cr,03 forms because: (1) the low oxygen content in the SCW, and (2)
the relative low Cr content in 316L SS (16.38% Cr). It has been reported
that when the Cr content in the steel is higher than ~20 wt% [31], a
more protective and continuous Cr,0s; film can be formed. The absence
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of continuous Cr,03 also contributes to fast diffusion of Fe cations to
the outer oxide, so sufficient Fe cations are supplied for the growth of
Fe304 oxide and stops the Fe30,4 from being further oxidized to Fe,Os.

The formation of Cr,03 leads to Cr depletion in the metal matrix, so
Fe can react with the water to form Fe304 (Fig. 8c) according to the

following reaction:
3Fe + 4H,0 = Fe304 + 4H, 3

Cr,03 can react with Fe to form Fe-Cr spinel according to the following

equation:
Cr203 + HQO + Fe = FeCr204 + H, (4)

so the Fe-Cr spinel layer is formed.
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Fig. 8. Schematic of the oxidation process for 316L SS in SCW.
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Fe can diffuse through both the matrix grain interior and boundaries
to the surface, however, the diffusibility of Fe through the grain
boundary is much higher than that through the grain interior [32,33],
so in the oxidation process, Fe first diffuses to the oxide-metal interface
along the short-circuits such as grain boundaries to react with oxygen.
Fe diffusion in a Fe-Cr spinel layer is about 3 times faster than Cr, so Fe
can diffuse through the Fe-Cr spinel and react with H,O to form Fe;04
in the oxidation process. The grains of the Fe304 on the top of the short-
circuit paths will grow faster, producing a larger grain size. This ex-
plains the evolution of the morphology of the oxide surface with time,
as shown in Fig. 6. At the outer layer/SCW interface, Fe?* can also
react with oxygen to form iron oxide. However, in these experiments,
argon was continuously bubbled into the SCW and the oxygen content
in the SCW is <5ppb.

Observation of the cross section of the oxide scale (Fig. 4) indicates
that pores are formed in the Fe3z0, film, even in areas near the Fe-Cr
spinel and the interface between the Fe-Cr spinel and Fe3z0, film. Tan
[34] reported that the formation of pores in the Fe3O4 film is closely
correlated with the diffusion mechanism of Fe ion in Fe304, and the
pores are formed as the vacancy diffusion mode dominates. Some re-
searchers [35,36] pointed out that the release of H, in the oxidation
process can be trapped or ejected in the Fe304 layer, causing pores to
form. Also, Fe(OH),® is thought to be volatile [35] and could be in-
volved in the metal wastage process when the Fe based alloys are ex-
posed to high temperature water. Fe(OH),® may be formed in the
following reactions:

Fe;0,4 + 3H,0 = 3Fe(OH),® + 1/20, (5)

As a result, the possible vaporization of Fe(OH)»® could also lead to
the formation of pores in the outer oxide (Fe30,) layer. In the present
research, the release of the hydrogen and the dissolution of the oxide
are to some extent responsible for the formation of pores in the oxide
scale. However, a full understanding of the pore formation mechanism
in the Fe304 layer still needs further investigation.

3.2. Stress-strain curves and SCC mechanism

Fig. 9(a) and (b) show the stress-strain curves of 316L SS tested in
argon and SCW, respectively. The mechanical properties of the
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materials, the yield strength, ultimate strength and the fracture strain of
the materials are summarized and listed in Table 3.

At higher temperature, the fracture strain is greatly reduced, both in
argon and SCW. Compared with the materials tested at 550 °C, the
fracture strain of the 316L SS tested in 600 °C argon and SCW is reduced
by 25.6%and 49.8%, respectively. However, test temperature has less
effect on the yield strength. When 316L SS is tested in 550 °C water, the
yield strength is 13.6% higher than when tested in 600 °C SCW. The
yield strength of 316L SS tested in 550 °C and 600 °C argon is almost the
same.

In tensile tests of face centered cubic materials, the deformation
mode can shift from planar slip to cross slip with increased deformation
[37,38], which results in the formation of dislocation tangles. The sa-
turation of dislocation tangles reduces the strain hardening capacity of
the materials. Mechanical twinning and martensitic transformation can
also be activated in the deformation process of SSs because of their low
stalking fault energy [39], and compared with dislocation tangles, they
provide a more sustainable hardening mechanism. So if mechanical
twinning and martensitic transformation are activated during plastic
deformation, the hardening capacity of the materials can be sustained.
In the present research, As the test temperature is increased, the
stalking fault energy of the materials is increasing, which results in
more cross slip in the early stage of the plastic deformation, so the
strain hardening capability of the materials is reduced. With the in-
creasing test temperature, the mobility of dislocations is enhanced,
causing more dislocation interaction and a higher rate of thermal dis-
location annihilation. So in the present research, the yield, ultimate
strength and fracture strain of 316L SS are decreasing as the test tem-
perature increases, both in argon and SCW.

Comparison of the mechanical properties of 316L SS tested at the
same temperature indicates tests in water show lower fracture stress
and strain than tests in argon, as shown in Table 3, which reflects of the
contribution of SCC. Prior research [17,22,40] indicates that the SCC
susceptibility of type 316 SS is very sensitive to test temperature, and
up to 500 °C, the SCC susceptibility increases with test temperature.
However, when the test temperature is above than 500 °C, the SCC
susceptibility of the SSs is greatly reduced due to the softening of the
materials at higher temperature. Tsuchya [41] even reported that no
SCC (determined by%IG) was observed on the fracture surface of 304
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Table 3 fact that in SSRT tests, apart from temperature, the materials condition,
Summary of the mechanical properties of 316L SS tested in SCW and argon. water chemistry and strain rate are all important parameters. So sys-
) ) tematical research is needed to reveal the combined interactive effects
Mechanical properties SCW Argon . .
of different test conditions.
550 °C 600 °C 550 °C 600 °C From the gauge section appearance, it can be hard to distinguish
- intergranular cracks from transgranular cracks. However, the fracture
Yield strength oy (MPa) 7265 62.77 58.67 57.94 surface clearly distinguishes that intergranular and transgranular cracks
Ultimate strength o, (MPa) 183.93 160.52 215.95 166.57 . . .
Fracture strain ¢ (%) 53.91 20.04 50.26 44.06 (Fig. 10). Many micro-voids also appear on the fracture surface, con-

and 316 SS when the specimens are tested in 550 °C SCW. In the present
research, the fracture surface and the gauge section near the fracture
surface of the samples tested in SCW are examined and the results are
shown in Fig. 10(a) and (b). Fig. 10 shows that many cracks develop on
the gauge surface independent of test temperature (550 °C or 600 °C).
However, it is hard to distinguish the intergranular cracks from trans-
granular cracks. According to Was’s review [6], all austenitic stainless
steels have experienced some degree of SCC, most of which is inter-
granular. Temperature, oxygen content and strain rate are key para-
meters that influence the SCC susceptibility. The different research re-
sults on the SCC susceptibility of SSs [20-22] may be attributed to the
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sistent with a ductile fracture mode. Generally, three methods are re-
commended to evaluate the SCC susceptibility in high temperature
water:

(1) Area percentage of intergranular cracking (IG%) on the fracture
surface of the SSRT samples, as used by Tsuchiya [41] and Fujisawa
[421;

(2) Crack density and depth on the gauge surface of the SSRT samples, as
used by Was [43]. These two methods are very effective for evaluating
the SCC susceptibility when there is extensive crack growth. However,
when the fracture surface is not regular, or the growth and distribution
of the cracks on the gauge surface is not uniform and homogenous, the
SCC susceptibility cannot be identified accurately by either method.
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(3) ASTM also recommends an equation to measure the SCC suscept-
ibility:
— Eu
E,(Ar) (6)

=1

where Iy is the SCC susceptibility index, E, and E,(Ar) is the uniform
elongation of the materials in water and argon environment, respec-
tively.

Compared with the first two methods, the third method is very
simple if the strain to failure in argon at the same temperature is ob-
tained. In the present research, the fracture and gauge surface analysis
indicates that SCC susceptibility exists for the 316L SS tested in 550 °C
and 600 °C water, and according to the ASTM standard and Fig. 9, the
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Fig. 10. Gauge section and fracture surface
of 316L SS tested in (a) 550 °C and (b)600 °C
SCW.

SCC susceptibility index in 550 °C and 600 °C SCW is 13.6% and 37.4%,
respectively.

The microstructure of the gauge surface of the samples tested in
550 °C and 600 °C SCW was also examined (Fig. 11). In the observed
area, no intergranular or transgranular cracks were observed, as shown
in Fig. 11(b), (c) (d) and (e). The EDS mapping analysis indicates that
two distinct oxide layers are formed on the SSRT samples: a continuous
outer layer that is composed of Fe and O, and an inner layer that is rich
in Fe, O and Cr. The outer and inner layers are proved to be Fe;0, and
Fe-Cr spinel respectively as discussed in Section 3.1. In the inner layer,
areas like ‘channels’ that are rich in Fe and O, while depleted in Cr, are
observed. The ‘channels’ are distributing both on the original austenitic
grain boundaries as well as on the original austenitic grains. This

Fig. 11. (a) Image of the tensile specimens,
(b) EBSD band contrast of specimen tested
in 550 °C SCW, (C) EBSD band contrast of
specimen tested in 600 °C SCW, (d) BSE
image of specimen teste at 600 °C, (e)SEM
and EDS image of the specimen tested in
600 °C SCW.
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Fig. 12. Schematic showing the process for the formation of
cracks on the gauge section of the tensile sample.
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phenomenon is greatly different from the results in the general corro-
sion tests in SCW [44,45]. Fig. 11(d) shows that lines of micro-pores
perpendicular to the tensile direction are distributing on the Fe304
‘channels’.

During testing, the materials are subjected to tensile stresses and
strains, and the plastic deformation results in the formation of slip
offsets. Slip planes, as well as grain boundaries, can act as short-circuit
growth path for inward diffusion oxygen or SCW, as schematically
shown in Fig. 12(b). The inward diffusion of oxidizing agents leads to
oxidation reactions represented by Egs. (2) and (4), and a Fe-Cr spinel
oxide is formed. The oxidation extends into the interior of the material
along the short-circuit paths due to the faster diffusion rate of the
oxidizing agent (Fig. 12b). Oxidized Fe cations also diffuse outward in
this process and the inward diffused oxygen or water can react with the
Fe cations to form Fe-oxide along the short circuit paths (Fig. 12c). With
increasing test time, the oxide grows (the Fe-Cr oxide layer grows
thicker and the Fe-oxide extends deeper into the material) and Fe oxide
channels passing through the Fe-Cr oxide film are formed.

The discussion in Section 3.1 indicates that micro-pores can be
formed on the Fe-oxide layer, as clearly observed in Fig. 4. For the SSRT
specimens, micro-pores are also observed on the Fe oxide channels
(Fig. 11d). With increasing test time, lines of pores distributed on the
Fe-oxide channels are formed (Fig. 12 d). Since the specimens are
subjected to continuous tensile strain and stress, cracks are easily in-
itiated near micro-pores and the subsequent propagation of the cracks
results in the connection of the micro-pores (Fig. 12e). The interface
between the different phases is always weak, so cracks are also easily
formed on the interface when tensile strain is applied to the samples,
especially cracks perpendicular to the tensile direction. Compared to
the matrix, the Fe30, oxide layer is fragile, so cracks can propagate to
the outer layer of the oxide scale easily, then cracks extending through
the entire oxide scale develop (Fig. 12f). The forming of cracks on the
Fe30,4 channels also leads to faster diffusion of SCW to the Fe-Cr spinel
layer, so Fe30,4 is also more easily formed in this area. Some of the
cracks are repaired by further oxidation and the cracks become smaller
(Fig. 12f).

The oxidation kinetics of 600 °C SCW are much higher than at
550 °C, so the Fe3;0,4 ‘channels’ are more easily formed on the SSRT
samples tested in 600 °C SCW. This contributes to the more extensive

() Ts
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intergranular and transgranular SCC that occurs on the samples tested
in 600 °C SCW

4. Conclusions

The corrosion and SCC susceptibility of 316L SS exposed to 550 °C
and 600 °C SCW have been investigated, and the results can be sum-
marized as following:

(1) With increasing test temperature, the corrosion rate is greatly in-
creased. A dual layer structure with an outer layer of Fe;04 and an
inner layer of FeCr,0, is formed. Because of the porous structure of
the oxide scale and the absence of a continuous Cr,O3 layer, the
corrosion rate is high. Fe,;O5 is not formed in the corrosion process,
which can be attributed to two main reasons: (a) the low oxygen
content in supercritical water and (b) no compact Cr,O3 layer is
formed, so Fe cations can diffuse outward continuously to form
F6304.

(2) Intergranular and transgranular SCC is observed on the SSRT
samples tested in 550 °C and 600 °C SCW, with a higher SCC sus-
ceptibility at 600 °C. ‘Channels’ filled with Fe;0, are found on the
Fe-Cr spinel layer of the oxide scale, which are formed because
water transport paths are formed by tensile straining. The forma-
tion of Fe30,4 ‘channels’ gives a possible explanation to the inter-
granular and transgranular SCC that initiates on the surface.
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