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� Stress-induced phase transformation
was observed in 304 SS during
cavitation erosion.

� A possible exacerbation mechanism
of corrosion on cavitation erosion was
suggested.

� Cavitation erosion did not start at the
pre-existing pores (formed during
casting).

� The evolution of cavitation erosion
crack was studied via in-situ SEM
observation.
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This study investigated the effect of stress on the microstructure evolution of austenitic stainless steels
(316L SS and 304 SS) subjected to cavitation erosion and cavitation erosion-corrosion. Results show that
continuous accumulation of stress of austenitic stainless steels at the early stage of cavitation erosion was
observed from the samples tested in deionised water (DIW) but not in artificial seawater (ASW), which is
due to stress release induced by ASW. In addition, a stress-induced phase transformation from austenite
to martensite during the cavitation erosion tests in both DIW and ASWwas observed in 304 SS, but not in
316 SS. Furthermore, primary cavitation craters formed during the cavitation erosion were not expanded
directly but shrank first and then expanded due to re-accumulation of stress. More importantly, this
study reports for the first time that pre-existing pores are not initiation points of cavitation erosion dam-
age, possibly because of the ductility of austenitic stainless steels, which resulted in continuous shrinkage
of the pores caused by the accumulated stress. Our findings provide new insights into understanding the
aterials
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Stress
 failure mechanisms of austenitic stainless steels subjected to cavitation erosion, which will inform the
development of high-performance cavitation erosion-resistant materials.
� 2021 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Fig. 1. Schematics of the cavitation erosion test system.
1. Introduction

Cavitation erosion is a typical failure mode that frequently
occurs on engineering components, such as pumps impellers,
hydraulic turbines, and ship propellers, through which high-
speed fluid passes [1–5]. Shock waves and microjets generated
by the collapse of the cavitation bubble cause cavitation erosion
[6–8]. Cavitation erosion accelerates the degradation of the compo-
nents exposed to high-speed fluid, severely reducing their service
lifetime [9,10]. Thus, the development of high-performance cavita-
tion erosion resistant materials is urgently needed to extend ser-
vice life and reduce maintenance costs. Meanwhile,
comprehensive understanding of the failure mechanisms of cavita-
tion erosion is foundational to the design of high-performance
anti-cavitation erosion materials. Therefore, studies on cavitation
erosion failure mechanisms have resulted in an active area of
research [11,12]. It has been reported that, at the early stage of cav-
itation erosion, the surface of materials can generate a large num-
ber of dislocations to absorb energy produced by cavitation erosion
[13,14]. However, some dislocations are unstable and easily move
to adjacent grain boundaries. As a result, the dislocations are
blocked by the grain boundaries, which can cause grain strain
and stress concentration at the grain boundary [15,16]. In the sub-
sequent cavitation erosion process, cracks will be produced in the
grain and/or at the grain boundary, which can be initial site of cav-
itation erosion [17–20]. Although researchers have observed that
stress accumulation leads to the generation of cracks, thus forming
the initial sites of cavitation erosion, the evolution process of these
initial sites under further stress has not been studied.

Although the surface morphology of the sample after cavitation
erosion can be used to infer the formation process of cavitation cra-
ters [21,22], the deduced evolution process may be inconsistent
with the actual evolution process. In-situ scanning electron micro-
scopy (SEM) observation is a very effective strategy for studying
the failure evolution mechanism of materials [23–25]. Such as gen-
eration and propagation of fatigue microcracks in pre-corrosion
AA7075-T7651 aluminium alloy [26], the relationship between
crack propagation and microstructure of TC21 titanium alloy dur-
ing the tensile process [27] as well as crack propagation behaviour
of die-casting AlSiMgMn alloy during tensile tests [28]. Recently,
we proposed an in-situ SEM observation and analysis route for
investigating cavitation erosion failure mechanisms of thermal-
sprayed coatings [29], providing direct evidence of the effect of
pre-existing defects on cavitation erosion failure of coatings. Nev-
ertheless, there is still a paucity of knowledge on the mechanisms
of the cavitation erosion failure process.

In this paper, commonly used materials 316L stainless steel
(316L SS) and 304 stainless steel (304 SS) were investigated.
Specifically, the stress accumulation and release at the early stage
of cavitation erosion in deionized water (DIW) and in artificial sea-
water (ASW) were investigated by X-ray diffraction (XRD) and
SEM. More importantly, the formation and further evolution pro-
cess of primary cavitation craters under cavitation in DIW and
ASW were firstly studied by in-situ SEM observation. Meanwhile,
this paper also explored the evolution process of pre-existing pores
(casting defects [30–32]) in the process of stress accumulation
caused by cavitation erosion. This study intends to provide a refer-
ence for the design of anti-cavitation erosion and anti-cavitation
erosion-corrosion materials.
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2. Materials and methods

Stainless steels 316L and 304, commonly used in hydraulic and
marine engineering, were chosen as typical austenitic stainless
steels in this study. The samples with 20 mm in diameter and
10 mm in thickness were cut from the 316L SS and the 304 SS bars
with a diameter of 20 mm. The samples were ground by using
120-, 400-, 800-, 1200-, and 2000-mesh sandpapers with tap
water, and then polished by 2.5 lm and 0.25 lm diamond polish-
ing solution (Wuyi Hengyu Instrument Co., Ltd., China), respec-
tively. The polished samples were ultrasonically cleaned with
DIW and ethanol (Sinopharm Chemical Reagent Co., Ltd., China)
for 5 min, respectively, and then dried in a vacuum oven
(DZF6050, Shanghai Yiheng Scientific Instrument Co., Ltd., China)
at room temperature. The ASW (NaCl: 24.53 g/L, MgCl2: 5.20 g/L,
Na2SO4: 4.09 g/L, CaCl2: 1.16 g/L, KCl: 0.695 g/L, NaHCO3:
0.201 g/L, KBr: 0.101 g/L, H3BO3: 0.027 g/L, SrCl2: 0.025 g/L, NaF:
0.003 g/L) was prepared as per ASTM D1141-98 (2013) [33], and
the reagents were commercially available (Sinopharm Chemical
Reagent Co., Ltd., China).

The as-polished samples were electrochemically etched to anal-
yse their metallographic structure. The electrolyte was 68% nitric
acid (Sinopharm Chemical Reagent Co., Ltd., China) in DIW, and
the electrolysis process was at an electrolysis voltage of 1.2 V for
60 s [34]. The samples after etching were cleaned and dried in a
vacuum oven at room temperature, and then the microstructure
of the samples was observed by SEM (Regulus 8230, Hitachi Man-
ufacturing Co., Ltd., Japan).

For cavitation erosion test, the ultrasonic cavitation equipment
(GBS-SCT 20A, Hangzhou Guobiao Ultrasonic Equipment Co., Ltd.,
China) was operated at a frequency of 20 kHz and an amplitude
of 50 lm. The temperature of the test medium was maintained
at 25 ± 2 �C by a cooling system. The sample was placed at
1 mm below the ultrasonic horn, and the ultrasonic horn was
placed at 23 ± 2 mm below the testing medium surface. The sche-
matic diagram of the device is shown in Fig. 1. Vickers hardness
(VH3300, Buehler Ltd., USA) of the sample was tested every
5 min until the cavitation time reached 45 min. All the indented
sites were within 5 mm to the center of the sample. Ten points
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on the surface of the samples were randomly selected to measure
the Vickers hardness, and the average value and error were calcu-
lated. The load was 0.2 kgf and the dwell time was 10 s for the
Vickers hardness indentations. The XRD patterns of the samples
exposed to 0 min, 5 min, 15 min, 30 min, and 45 min of cavitation
erosion in DIW and ASWwere acquired by the D8 Advance (Bruker
Ltd., Germany) with a copper anode at 40 kV and 40 mA in a glanc-
ing angle of 43.2� � 45.0� (2h degree) with a step size of 0.01�. The
surface morphologies of the samples were observed by using SEM
after 45 min of cavitation erosion in DIW and ASW. For the in-situ
SEM analysis, representative regions were selected from the previ-
ous electrochemically etched sample. Abaqus 2021 Student Edition
was applied to simulate the stress distribution around the pre-
existing pore, and the model is shown in Fig. S1. The dynamic
strain was studied by using the Johnson-Cook material constitutive
law [35], and the parameters of the constitutive model are listed in
Table S1.
3. Results and discussion

3.1. Stress accumulation during cavitation erosion and its effect on
phase structure and Vickers hardness

XRD patterns of the samples after cavitation erosion in DIW and
ASW for different times are shown in Fig. 2A. After the first 15 min
of exposure to cavitation erosion in DIW, the diffraction peak of
austenite (c (111)) of the 316L SS continuously moves to the left
with increased cavitation erosion time. According to the Bragg
equation of 2dsinh = nk (n = 1, 2, 3, . . .) [36], the left-shifting of
the peak indicates a decrease in 2h, and thus the interplanar spac-
ing increases, which further indicates the accumulation of tensile
stress in the sample after cavitation erosion. In addition, the tensile
stress is proportional to the increment of 2h [37,38]. However, fur-
ther left-shifting of the austenite peaks of the 316L SS exposed to
30 min and 45 min of cavitation erosion is insignificant. This phe-
nomenon may result from the release of tensile stress, which can
be due to the formation of cracks on the surface (Fig. 2B: 316L,
45 mins-DIW). Furthermore, it is worth noting that the left-
shifting of the austenite peak is less significant in ASW (Fig. 2A:
316L-ASW), which is quite different from what was observed in
DIW. As the test conditions were consistent (except for the test
medium), it is highly possible that the stress should have accumu-
lated in the sample was released by some means. According to the
surface morphologies of the 316L SS before and after cavitation
erosion in DIW and ASW for 45 min (Fig. 2B), more cracks appeared
on the surface of the 316L SS after being tested in ASW than that of
tested in DIW. Literature reported that cracks can be induced by
the combined influence of stress and corrosion, namely stress cor-
rosion cracking [39]. Thus, the increased number of cracks may be
attributed to the stress corrosion cracking. As the tensile stress was
released with the generation and propagation of cracks [40,41], the
left-shifting of the austenite peak of the 316L SS is not obvious
after cavitation erosion in ASW. Similar results were observed from
XRD patterns and surface morphologies for the 304 SS (Fig. 2). The
cavitation erosion results of the 316L SS and 304 SS show that the
initiation and the propagation of the cracks are more pronounced
in ASW than those in DIW, indicating the negative effect of corro-
sion on cavitation erosion of the samples, which could further
reduce the strength of the austenitic stainless steels. As cracks
are also the nucleation sites of cavitation bubbles [42] and tend
to hold cavitation bubbles [43], generation and propagation of
the cracks could be responsible for the decreased cavitation ero-
sion resistance of austenitic stainless steels in corrosive
environments.
3

The 304 SS underwent stress accumulation similar to that of
316L SS during cavitation erosion in DIW, but the process of stress
accumulation is quite different. For the 304 SS exposed to cavita-
tion erosion in DIW, the overall offset of the left-shifting of the
austenite peak (c(111)) is 0.046� at 15 min (Fig. 2A), which is only
36.5% that of the 316L SS (0.126�). However, it can be considered
that there is almost no difference in the amount of energy input
to different samples during the cavitation erosion under the same
test conditions. Thus, the reduced amount of the left-shifting of the
304 SS indicates that there can be other ways to absorb or dissipate
cavitation erosion energy in 304 SS. Meanwhile, the intensity of the
martensite peaks (a’(110) & e(002)) in 304 SS increased with the
extension of the cavitation erosion time (Fig. 3A), indicating that
martensitic phases were generated. The e-martensite is usually
the intermediate in the transformation from austenite to a’-
martensite [7]. This phenomenon is probably attributed to the
stress-induced phase transformation of the austenite to the
martensite [44,45]. Since martensitic transformation requires
energy (such as strain energy [46,47]), the transformation process
might have absorbed a considerable amount of energy, resulting in
decreased stress accumulation. Therefore, the left-shifting of the
austenite diffraction peak in 304 SS is less than that of the 316L
SS. In addition, the intensity of the martensite peaks (a’(110) & e
(002)) in 304 SS after cavitation in ASW are amplified with the
increase in the cavitation time as well, similar to that observed
for tests conducted in DIW. To further investigate the stress-
induced phase transformation, in-situ SEM observations were
employed for the 304 SS after different cavitation erosion times
in DIW (Fig. 3B). It could be clearly seen that with the extension
of cavitation erosion time, the stress accumulation leads to increas-
ingly severe deformation (highlighted by the red dotted line),
which induces more martensite transformation [44,45].

In summary, the XRD results indicate that the tensile stress on
the surface of the 316L SS and the 304 SS increased significantly at
the beginning of the cavitation erosion test in DIW, but little
change occurred during the tests in ASW. Moreover, the 304 SS
exhibited a stress-induced phase transformation during cavitation
erosion. The accumulation of stress and the phase transformation
behaviour of the austenitic stainless steels during cavitation ero-
sion may affect its surface Vickers hardness.

Vickers hardness of the 316L SS and the 304 SS subjected to dif-
ferent cavitation erosion times in DIW and ASW is shown in
Fig. 4A&B. For the sample tested in DIW, the Vickers hardness of
the 316L SS increased rapidly in the first 10 min (from 201 ± 3 to
239 ± 5), then slowly from 10 min (239 ± 5) to 35 min
(276 ± 18), and insignificantly after 35 min (from 276 ± 18 to
274 ± 18). With increased exposure to cavitation erosion, the vari-
ation of Vickers hardness became greater across the sample, sug-
gesting that the stress distribution on the sample surface was
less uniform after exposure to cavitation erosion. For the sample
tested in ASW, the Vickers hardness of 316L SS increased rapidly
in the first 5 min (from 201 ± 3 to 238 ± 8), then increased slowly
from 5 min (238 ± 8) to 20 min (277 ± 10), and remained relatively
stable from 20 min (277 ± 10) to 45 min (284 ± 16). The Vickers
hardness of the 316L SS tested in ASW increased faster than that
in DIW, which only took about 20 min (277 ± 10) to close to the
maximum value (288 ± 19), while it took 35 min in DIW. This
result indicates that the cavitation erosion failure mechanism of
the 316L SS in DIW can be different from that in ASW, which is cor-
responding to the difference in XRD patterns (Fig. 2A). The evolu-
tion of Vickers hardness of the 304 SS tested in DIW and ASW
(Fig. 4B) is similar to that of the 316L SS. The Vickers hardness of
the 316L SS and 304 SS increased continuously as the exposure
time was increased, which can be attributed to the work hardening
effect due to the repeated load caused by cavitation erosion
[48,49]. The increase in the Vickers hardness is shown in Fig. 4C.



Fig. 2. (A) X-ray diffraction patterns of the austenite peaks of 316L SS and 304 SS with different cavitation times in DIW and ASW; (B) Surface morphologies of 316L SS and
304 SS before and after 45 min of cavitation erosion in DIW and ASW (black arrow: intergranular crack; red arrow: internal cracks). (For interpretation of the references to
colour in this figure legend, the reader is referred to the web version of this article.)
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After 45 min of cavitation erosion in DIW and ASW, the Vickers
hardness of the 316L SS increased by 39% and 43%, while that of
the 304 SS increased by 45% and 53%, respectively. The austenite
to martensite transformation in the 304 SS during cavitation ero-
sion is responsible for the higher increase in Vickers hardness com-
pared with that of the 316L SS, as the hardness of martensite is
significantly greater than that of austenite [50,51] and the 316L
SS did not exhibit such phase transformation (Fig. 3A). Generally,
the increased hardness is always correlated to increased yield
strength and tensile strength but results in a decrease in fatigue
strength. Higher hardness means more brittleness and lower fati-
gue strength [52], which means more energy is needed to produce
cracks on the surface of the 304 SS. Therefore, the cracks on the
surface of the 304 SS after 45 min of cavitation erosion were signif-
icantly less than that of the 316L SS (Fig. 2B). Fewer cracks mean
fewer cavitation development sites, and this could explain why
the 304 SS has higher cavitation resistance than the 316L SS
(Fig. S2). In addition, typical indentation morphologies of the
316L SS and 304 SS (Fig. 4D), where the indentation mark became
smaller with the increase in exposure to cavitation (from 0 to
15 min), also indicates the increase of the work hardening effect.
4

Although average higher Vickers hardness increased when the
sample was further exposed to cavitation erosion (from 25 to
45 min, as shown in Fig. 4 A&B and Fig. S4-S7), no statistically sig-
nificant difference was observed. This might be attributed to the
initiation and propagation of cracks as the test time was extended,
as it is well recognised that the presence of cracks in materials can
reduce the Vickers hardness of the materials. On the other hand,
the Vickers hardness of the samples exposed to cavitation erosion
in ASW is significantly higher than those in DIW, possibly attribu-
ted to denser passivation film on the surface of the samples after
cavitation erosion in ASW [53–55].
3.2. The effect of stress accumulation on the formation and evolution
progress of crater during cavitation erosion

To further clarify the effect of stress accumulation on
microstructure evolution of austenitic stainless steels subjected
to ultrasonic cavitation erosion, in-situ SEM observation of the
316L SS and 304 SS under cavitation erosion condition in DIWwere
carried out (Fig. 5). For the as-etched 316L SS surface (Fig. 5A-1),
the grain boundaries are clear, and the surface is free of cracks.



Fig. 3. (A) X-ray diffraction patterns of martensite peaks of 304 SS and 316L SS with different cavitation times in DIW and ASW. (B) In-situ SEM observation of stress-induced
phase transition of 304 SS after 0 min, 15 min, and 45 min of cavitation erosion in DIW solution (red dotted lines: deformed region and martensite). (For interpretation of the
references to colour in this figure legend, the reader is referred to the web version of this article.)
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With the extension of the cavitation erosion times, the stress on
the surface of the samples continued to accumulate (Fig. 5A-2 to
A-4), causing cracks to appear on the surface and then form a cav-
itation crater (Fig. 5A-5). It is interesting that the cavitation crater
shrunk, from 7.88 lm (Fig. 5A-5) to 5.24 lm (Fig. 5A-6), which is
attributed to the extrusion of the surrounding grains of the cavita-
tion crater. The in-situ SEM observation of the 304 SS tested in DIW
(Fig. 5B) shows no cracks on grain boundaries or inside grains
before cavitation erosion (Fig. 5B-1). After being tested in DIW
for different cavitation erosion times, grain boundary crack was
observed (Fig. 5B-2), and then the cavitation erosion craters were
formed (Fig. 5B-3). The grain could absorb the cavitation erosion
energy by producing a large number of dislocations at the early
stage of cavitation erosion, and some of these generated disloca-
tions easily slip to the grain boundaries and were blocked by the
grain boundaries [15,16], resulting in grain boundary strain and
causing the crack of the grain boundary (Fig. 5B-3). With the exten-
sion of cavitation erosion time, the inconsistent movement
between the grains caused the grain boundary cracks, and then a
cavitation crater was formed (Fig. 5B-3). It is worth noting that
the width of the cavitation crater formed at the 75th minute of cav-
itation erosion was reduced from 2.81 to 1.29 lm in the subse-
quent cavitation erosion process (Fig. 5B-3 to B-5). The shrinkage
of the cavitation crater could be attributed to the extrusion of
the grains around the cavitation crater. At the 120th minute (Fig. 5-
B-6), the grain reached the plastic limit, and further upward move-
ment caused the rupture of the grain, resulting in the formation of
a large secondary cavitation crater.

The in-situ SEM observation of the 316L SS and 304 SS at the
grain boundaries subjected to cavitation erosion in ASW was also
5

performed (Fig. 6). The shrinking process of primary cavitation cra-
ter in ASW is similar to the results observed in DIW, but cracks
(highlighted by the red arrows) appear at the bottom of the cavita-
tion craters of the samples after cavitation erosion in ASW (Fig. 6A-
5 and B-5), and the cracks widen as the cavitation erosion time
increased (Fig. 6A-6 and B-6). This phenomenon was not observed
in the sample after cavitation erosion in DIW (Fig. 5A-5 to A-6 and
B-3 to B-6), which indicates that the corrosion caused by ASW can
induce stress release and cause cracks, which are similar to the
results observed in Fig. 2B.

For a better understanding of the formation and evolution
progress of the cavitation crater during cavitation erosion, a
schematic diagram is shown in Fig. 7. The inconsistent move-
ment between the grains causes the stress in the grain and/or
at the grain boundary, and the accumulated stress causes the
deformation of the grain and/or the grain boundary. When the
accumulated stress reaches the endurance limit, crack generates
at the grain boundary (Fig. 7B-1) and/or in the grain (Fig. 7B-2)
[56,57]. When further exposure to the cavitation erosion condi-
tions, the crack continues to grow, accompanied by further
deformation (Fig. 7C-1 and C-2). When reaching the plastic
deformation limit, the grain is delaminated and detached, form-
ing an initial cavitation crater (Fig. 7D). However, it is worth
noticing that the initial cavitation crater is not expanded directly
but narrowed first (Fig. 7E) and then expanded (Fig. 7F). The
reduction of the initial cavitation crater is caused by the extru-
sion of the surrounding grains to the crater, resulting in the fur-
ther accumulation of the stress. The grains at/near the initial
cavitation crater can be peeled off to form a secondary cavitation
crater (Fig. 7F).



Fig. 4. The microhardness of the 316L SS (A) and the 304 SS (B) in DIW and ASW with different cavitation times. (C) The increase of the microhardness of 316L SS and 304 SS
after 45 min cavitation erosion. (D) Typical indentation morphologies of the 316L SS and the 304 SS at different cavitation times, and more indentation morphologies and
entire sample morphologies are shown in Figs. S3-S7.
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3.3. The effect of stress accumulation on the evolution process of pre-
existing pore during cavitation erosion

It is well known that cast alloys usually have pre-existing pores
(casting defects) on the surface [58–60], and the pore defects on
the surface of the materials are commonly recognised as the start-
ing point of cavitation erosion [2]. Thus, the evolution of the pre-
existing pores on the surface of austenitic stainless steels under
cavitation erosion condition is worth studying. The in-situ SEM
observation of a pre-existing pore of the 316L SS during cavitation
erosion in DIW is shown in Fig. 8A. The pre-existing pore has a
diameter of about 1.54 lm, which may be sourced from the casting
process [30–32]. The pore size decreased with the increase of the
cavitation erosion time (Fig. 8A-2 to A-3), and finally, the pore
6

almost disappeared (Fig. 8A-4) due to the continuous extrusion
of the surrounding grains. The in-situ SEM observation of the cav-
itation erosion of a pre-existing pore on a 304 SS sample in DIW
(Fig. 8B) also shows a similar microstructure evolution. The size
of the pre-existing pore decreased (Fig. 8B-2 to B-3) with the
extension of the cavitation time, and the pore was finally enclosed
(Fig. 8B-4) by the squeezing of the grains nearby. To understand
the behaviour of pre-existing pores under cavitation erosion-
corrosion conditions, in-situ SEM observation of the pre-existing
pores of the austenitic stainless steels tested in ASW was also
investigated (Fig. 8C & D). The results show that the pore after cav-
itation erosion in ASW eventually disappeared (Fig. 8C-4 & D-4),
which is similar to the evolution process of the pores tested in
DIW.



Fig. 5. In-situ observation showing the formation and the evolution of the cavitation crater in 316L SS and 304 SS during cavitation erosion in DIW.
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Thus, the pre-existing pores in the austenitic stainless steels are
not the initiation point of cavitation erosion. However, many stud-
ies reported that cavitation erosion preferentially occurred at the
pre-existing pores [29,61–63], contrary to the results observed in
this study. Materials (such as high-velocity oxy-fuel (HVOF)-
sprayed WC-10Co4Cr, Co-based, Cr3C2-NiCr, and Fe-based amor-
phous/nanocrystalline coatings) have Vickers hardness up to 500
[29,61–63], which are brittle, and thus it is difficult to fill the
pre-existing pores by deformation. The pores are the nucleation
sites of cavitation bubbles [42]. As a result, the pre-existing pores
7

in the brittle coatings expand after a period of cavitation erosion,
forming the initial site of cavitation erosion. However, for the aus-
tenitic stainless steels, when the grains around the pore were
affected by the cavitation shock wave and/or microjets, they
expanded towards the pore to absorb energy, resulting in the con-
tinuous shrinkage of the pore, which could be attributed to the low
hardness and ductility of austenitic stainless steels. Fig. 8E shows a
simulation that exhibits the microstructure evolution of the pre-
existing pore of austenitic stainless steels subjected to cavitation
erosion.



Fig. 6. In-situ observation showing the formation and the evolution of the cavitation crater in 316L SS and 304 SS during cavitation erosion in ASW (red arrow: cracks). (For
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

Y. Tian, H. Zhao, R. Yang et al. Materials & Design 213 (2022) 110314

8



Fig. 7. Schematics demonstrating the formation and the evolution progress of the cavitation crater during cavitation erosion.
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4. Conclusions

This study investigated the failure mechanisms of the 316L SS
and 304 SS subjected to ultrasonic cavitation erosion in DIW and
ASW. The following conclusions could be drawn:

(1) A corrosive medium, such as seawater, induces tensile stress
release on the surface of austenitic stainless steels, resulting
in more cracks on the surface of austenitic stainless steels
and more sites for developing cavitation erosion craters.
Thus, the acceleration of cavitation erosion can be attributed
to corrosion.

(2) After 45 min of cavitation erosion, the 304 SS undergoes a
stress-induced martensitic transformation during cavitation
erosion in both DIW and ASW, but the 316L SS does not.

(3) During cavitation erosion, the inconsistent movement
between grains causes the accumulation of stress in the
grain and/or at the grain boundary. When the stress reaches
9

the plastic limit of the austenitic stainless steels, cracks form
in the grain and/or at the grain boundary, which are the ini-
tiation points of cavitation erosion.

(4) Continuously accumulated stress results in forming a pri-
mary cavitation crater. However, instead of expanding
directly, the size of the primary cavitation crater will first
decrease and then increase. Further exposure to cavitation
erosion can cause the grains at/near the primary crater to
be peeled off, resulting in the formation of the secondary
cavitation crater.

(5) Pre-existing pores on austenitic stainless steels are not the
initiation points of cavitation erosion either in ASW or
DIW, opposite to what has been reported in the other
studies.



Fig. 8. (A-D) In-situ SEM observation of the pre-existing pore of the 316L SS and 304 SS during cavitation erosion in DIW and ASW, and (E) Finite element simulation of stress
distribution around pre-existing pore during cavitation erosion.
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