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Abstract

The combination of elevated temperature and tribo-corrosion leads to the accelerated
degradation of structural components used in many extreme environments. Recently
developed high-entropy alloys (HEAs) with multiple principal elements have the potential
for superior degradation resistance compared with presently used structural alloys. Here,
we demonstrate the microstructural stability, pitting resistance, and superior tribo-corrosion
degradation resistance of the AlICoCrFeNi,; eutectic HEA in comparison with duplex
stainless steel 2205 in deionized water (controlled low-ionic-strength electrolyte) at 25 °C,
50 °C and 100 °C. The AlCoCrFeNi; 1 HEA showed excellent microstructural stability and
tribo-corrosion resistance at all three temperatures, an order-of-magnitude lower wear
rate, and a lower coefficient of friction compared with duplex 2205 steel. The lowest wear
volume loss and wear rate for both AICoCrFeNi; ; and duplex steel were recorded at 50 °C,
which was attributed to temperature-assisted passivation and formation of a comparatively
stable tribological surface condition. These results suggest superior performance of eutectic
HEAs in tribo-corrosion applications compared with currently used dual-phase steels and
motivate future evaluation in ion-containing industrial water chemistries.

Keywords: tribo-corrosion; elevated temperature; high-entropy alloy; reciprocating
wear; corrosion

1. Introduction

Complex concentrated alloys also known as high-entropy alloys (HEAs) represent
a new paradigm in alloy development based on alloying multiple principal elements in
(near) equimolar proportions [1,2]. This distinctive compositional strategy generates four
fundamental phenomena: enhanced solid-solution strengthening, elevated configurational
entropy, synergistic “cocktail effects” from element interactions, and severe lattice distortion
due to atomic size differences [3,4]. Together, these mechanisms produce materials with
exceptional combinations of mechanical strength, wear resistance, corrosion protection,
oxidation resistance, and thermal stability [5,6]. The vast multi-component phase space
gives ample opportunity for tuning degradation mechanisms by suitable compositional
variations of HEAs for use in harsh conditions such as physiological environments [7,8]
and advanced nuclear systems [9] to name a few.

The simultaneous action of wear and corrosion—termed tribo-corrosion—poses a crit-
ical challenge for mechanical systems operating in corrosive environments. With thermal
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activation, both degradation mechanisms are further accelerated. Elevated temperature
is known to accelerate wear [10,11] and electrochemical reactions [12-15] in heat exchang-
ers [16] and gas turbines [17]. Despite growing research interest separately on the wear and
corrosion behavior of HEAs [18-20], there are very few reports and limited understanding
of the combined tribo-corrosion response of alloys particularly at elevated temperatures.
Multi-phase eutectic HEAs are of immense interest in this context because of their superior
mechanical properties [21,22]. But there are no reports and limited scientific understanding
on their tribo-corrosion response.

In this study, we conducted (i) static electrochemical tests to establish the baseline
passivation behavior as a function of temperature, (ii) transient torch-based thermal shock
to evaluate the susceptibility of the dual-phase microstructures to rapid heat-flux excur-
sions and resulting phase redistribution, and (iii) elevated-temperature tribo-corrosion
to quantify the coupled mechanical-electrochemical degradation under sliding. We re-
port on the elevated-temperature tribo-corrosion response and microstructural stability of
the AlICoCrFeNi, 1 eutectic HEA in comparison to commonly used duplex stainless steel
(DS2205) in deionized water at room temperature (25 °C), 50 °C and 100 °C. These alloys
were chosen because of their dual-phase microstructure, superior mechanical properties,
corrosion resistance, and wear resistance [23,24]. While the wear, corrosion, mechanical
properties, and microstructure of both alloys have been reported, there are no reports
on their tribo-corrosion degradation, especially at elevated temperatures [25-27]. To-
gether, these experiments connect microstructural integrity and passivation stability to
tribo-corrosion performance.

2. Materials and Methods
2.1. Sample Preparation

The eutectic HEA with a nominal composition of AICoCrFeNi2.1 was prepared from
99.99%-purity constituent elements using vacuum/argon arc melting. Duplex stainless
steel DS2205 (UNS 31803), prepared according to ASTM A815 [28] specification by hot
rolling of as-cast DS2205 purchased from James Duva Inc. (Columbia, NJ, USA). Cylin-
ders of 6.35 mm diameter and 35 mm length were prepared from AlCoCrFeNi2.1 and
DS2205 ingots using wire electrical discharge machining (EDM, Kent USA, Tustin, CA,
USA) for the tribo-corrosion experiments. The flat bottom of each cylinder was polished
with up to 1200-grit abrasive paper and then polished using 1 um diamond suspension to
obtain a mirror surface finish, followed by triple sonication in deionized water, methanol,
and isopropyl alcohol. The cylinder sidewalls were sealed using acrylic to prevent gal-
vanic coupling between the tribo-corrosion surface and cylinder walls during exposure to
the electrolyte.

2.2. Microstructure Characterization and Surface Analysis

Microstructural characterization was performed using scanning electron microscopy
(SEM, FEI Nova-NanoSEM 230™, FEI, New York, NY, USA). Samples cut along the same
cross-sectional cylinder length were used to determine elemental composition, phase frac-
tion, and crystal structure using energy-dispersive spectroscopy (EDS), electron backscatter
diffraction (EBSD), and X-ray diffraction (XRD, Rigaku Ultima III, Rigaku, Tokyo, Japan),
respectively. The surface topography of wear scars was examined using white-light inter-
ferometry. The wear volume loss was calculated from metrology analysis of 3D optical
micrographs using Gwyddion software (version 2.70). Wear tracks were further analyzed
in SEM to identify dominant material removal mechanisms.
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2.3. Microstructural Integrity/Stability Under Rapid Thermal Cycling and High Heat Flux

The samples were sectioned to obtain smaller samples for corrosion testing, and the
effect of the heat treatment on the phase morphology and evolution of both AICoCrFeNi; ;
and DS2205 was determined using EBSD. To probe microstructural integrity under severe
localized heating relevant to transient high-heat-flux excursions (thermal shock, steep
thermal gradients, and rapid oxidation/erosion), an oxyacetylene torch exposure was
performed on 6.35 mm diameter cylinders of both AICoCrFeNi,; and DS2205. The torch
tip was mounted 19 mm normal to the cylindrical height of both alloys. Both alloys were
rapidly heated to approximately 1100 °C using the open flame and then rapidly quenched;
this was repeated three times to compare microstructural change and phase redistribution
under highly transient non-equilibrium conditions.

This torch-based exposure is not intended to represent equilibrium aging, equilibrium
phase stability, or continuous-service capability at 1100 °C. Instead, it provides a compara-
tive assessment of microstructural integrity and damage evolution under rapid thermal
cycling and high heat flux. DS2205 is not designed for continuous service at 1100 °C, and
its inclusion here serves as a baseline comparison against a widely used duplex structural
alloy under the same transient thermal shock conditioning.

Following exposure, the cylinder samples were sectioned to obtain smaller samples
for corrosion testing. The effect of thermal shock conditioning on phase morphology
and evolution was characterized by using EBSD on the substrate (bulk) microstructure.
Depth-resolved oxide scale thickness mapping, compositional profiling, or cross-sectional
oxidation microstructure gradients were not pursued in this study because the objective is
comparative tribo-corrosion performance after a consistent pre-conditioning step rather
than oxidation kinetics characterization.

2.4. Elevated-Temperature Tribo-Corrosion Test

Elevated-temperature tribo-corrosion experiments were performed using a linear
reciprocating inverted ball-on-flat setup as shown in Figure 1. The reciprocating tribo-
corrosion module was mounted on an RTEC Instruments tribometer (RTEC, San Jose,
CA, USA) coupled with a Gamry potentiostat (Gamry, Warminster, PA, USA) (Figure 1a).
Figure 1b shows the tribo-corrosion module mounted within the heating module, while
Figure 1c shows the immersed tribo-corrosion cell. A 6.35 mm diameter alumina ball was
held in a resin cast at the bottom with the top of the ball aligned with the center of the
polished alloy cylinder. The sample and counter-body were held for 3600 s in deionized
water to achieve open circuit potential (OCP) stability prior to sliding. The red terminal in
Figure 1d indicates the working electrode (cylindrical AICoCrFeNi2.1 or DS2205 sample);
the blue terminal indicates the counter electrode (platinum wire); and the green terminal
indicates the reference electrode (Ag/AgCl electrode). All three electrodes were placed
within 10 mm of each other according to ASTM guidance for minimizing solution resistance
artifacts in electrochemical tests (STP 1056) [29]. Briefly, 100 mL of deionized water was
used to immerse samples, counter-body, and electrodes for each tribo-corrosion experiment.
All tribo-corrosion tests were conducted at 25 °C, 50 °C, and 100 °C. The effect of normal
load on tribo-corrosion performance was measured at each temperature using a 5 Hz
frequency and 3.5 mm stroke length while varying the normal load to 5N, 10 N, and 15N
for 1800 s of sliding after the 3600 s OCP stabilization period. The effect of the reciprocation
frequency on tribo-corrosion performance was studied at each temperature by varying the
frequency from 3 Hz to 5 Hz and 9 Hz while keeping the load fixed at 5 N. After the sliding
test, the sample remained immersed in the electrolyte to measure the OCP for an additional
300 s to assess surface repassivation after sliding cessation. Three tribo-corrosion tests were
performed for each condition to obtain the statistical average and standard deviation of

https:/ /doi.org/10.3390/e28040391


https://doi.org/10.3390/e28040391

Entropy 2026, 28, 391

40f 15

(a)

wear volume loss and wear rate. DI water was intentionally selected as a controlled, low-
ionic-strength electrolyte to minimize solution-chemistry variability and isolate the effect
of temperature on depassivation and repassivation during sliding rather than conflating
results with chloride-driven pitting or conductivity-dependent kinetics. Performance in
chloride-/sulfate-containing waters is a logical next step for application-specific evaluation.
Tests at 100 °C were conducted in a covered electrochemical cell equipped with a reflux
condenser so that evaporated water condensed and returned to the cell. This prevented net
evaporation and maintained a stable liquid level and immersion condition throughout the
test. Electrolyte temperature was regulated using a feedback-controlled heating setup, with
temperature monitored in the electrolyte near the contact zone. The reflux configuration
minimizes bubble-related disturbance and liquid-level fluctuations that can occur near the

boiling point.

( d) Normal Load

Reference Electrode

L Working Electrode (W_E)
——]
Ag/AgCl —]

Aly CoCrFeNi, /DS 2205

/% Heating Module around
Reciprocating Stage

Counter Body,

- —
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Figure 1. Tribo-corrosion experimental setup. The electrochemical cell was set-up on a linear re-
ciprocating tribometer within a heating module to simulate elevated-temperature tribo-corrosion:
(a) tribo-corrosion experimental setup with RTEC Universal tribometer coupled to a Gamry po-
tentiostat; (b) tribo-corrosion and heating module assembly; (c) immersed tribo-corrosion cell and
(d) schematic representation of the elevated-temperature tribo-corrosion setup.

3. Results and Discussion
3.1. Microstructure and Electrochemical Characterization

Microstructural characterizations of both AICoCrFeNi; 1 HEA and DS2205 are shown
in Figure 2. Both AlCoCrFeNi; 1 HEA and DS2205 ferritic-austenitic stainless steel were
chosen because of their similarity of having both BCC (B2) and FCC (L1,) phases. Although
the AlCoCrFeNi; 1 HEA is made up of the ordered derivative phases, its underlying
lattice geometry remains similar. The backscattered secondary electron (BSE) micrograph
shown in Figure 2a represents the as-cast microstructure of the AlICoCrFeNi; ; HEA. The
microstructure consists of a lamellar arrangement of dark and light contrast solid solution
phases that correspond to B2 and L1, phases, respectively [27]. The B2 phase contained
nano-sized precipitates (white spots) as shown in the high-magnification image (inset
in Figure 2a). These nano-precipitates were previously reported to be Cr-rich [30,31].
This fine distribution of nano-sized precipitate throughout the B2 lamellae ensures that
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chromium is uniformly available across the microstructure rather than concentrated in
coarse phases. This homogeneous Cr distribution promotes more-consistent passive film
coverage and formation during tribology. Figure 2b shows the EBSD phase map with
lamellar structure of B2 (yellow color) and L1, (blue color) encompassing the B2 phase.
The volume fraction was determined to be approximately 71% for the L1, phase and 29%
for the B2 phase. The volume fraction and microstructure in this study are consistent with
prior AlCoCrFeNi,; HEA studies [32]. Reported phase fractions in AlICoCrFeNiy; can
vary with processing history (as-cast vs. homogenized/aged), segregation state, and the
quantification method (e.g., EBSD thresholding vs. bulk-averaged XRD) [33,34]. The phase
fractions reported here are specific to the as-cast condition examined and were obtained
using consistent EBSD acquisition and cleanup parameters across all samples. The B2
lamellae with thicknesses of ~2-3 pm are distributed in the L1, matrix. Figure 2c shows
the X-ray diffraction (XRD) of the AICoCrFeNi;; HEA, with the higher-intensity peaks
indicating the L1, phase and lower-intensity peaks indicating the B2 phase (consistent with
EDS phase fraction analysis). The backscattered secondary electron (BSE) micrograph of
DS2205 ferritic-austenitic stainless steel in Figure 2d shows elongated ferritic and austenitic
phases. The darker contrast phase is the d-phase (Ferrite-BCC), and the lighter contrast is
the y-phase (Austenite-FCC). Quantification from the EBSD phase map in Figure 2e shows
that the 5-phase had 48% and the y-phase had 52% (approximately an equal amount) of
the lamellar structures. XRD analysis of DS2205 in Figure 2f shows the peak intensity of
both the d-phase and the y-phase to agree with the microstructure and EBSD phase map.
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Figure 2. Microstructural characterization of AlICoCrFeNi, ; HEA and DS2205. (a) BSE image of
AlCoCrFeNij; 1 HEA showing L1; and B2 phases in light and dark contrasts, respectively; (b) EBSD
phase map showing AlCoCrFeNi, ; HEA volume fraction of the two phases; (c) X-ray diffraction
pattern showing a dual-phase AlCoCrFeNi;; HEA crystal structure; (d) BSE image of DS2205
showing austenite and ferrite phases in light and dark contrasts, respectively; (e) EBSD phase map
showing volume fraction of the two phases; (f) X-ray diffraction pattern showing a dual-phase
DS2205 crystal structure.

The electrochemical characterizations of the AICoCrFeNi; 1 HEA and DS2205 are sum-
marized in Figure 3a—d. EIS was used as a baseline comparison of passive behavior under
static immersion conditions prior to sliding. Equivalent-circuit fitting is not presented
because passive-alloy spectra at elevated temperatures can exhibit overlapping time con-
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stants, and non-ideal capacitive behavior can lead to non-unique fitted parameters without
independent validation. EIS is used here primarily to establish qualitative consistency of
the temperature-dependent passivation behavior rather than to develop a unique mech-
anistic circuit model. The OCP of the AlICoCrFeNi, ; HEA at room temperature (25 °C),
50 °C and 100 °C shown in Figure 3a indicates a consistent shift toward nobler values
as temperature increases. This may be attributed to temperature-assisted passivation as
the OCP at 50 °C stabilized faster than at room temperature. Although the OCP shifts
to nobler values as the temperature increases from 50 °C to 100 °C, the OCP curve at
100 °C shows greater instability than the OCP at 50 °C and 25 °C. Occasional spikes and
dips in the OCP at 100 °C may be attributed to the rupture of the surface passive layer
before gradual repassivation. Figure 3b shows the OCP of DS2205 at 25 °C, 50 °C and
100 °C with similar trends to those for the AICoCrFeNi, 1 HEA. But the OCP for DS2205
showed a greater degree of instability, and the steady-state values were significantly less
noble than those for AICoCrFeNi; ; HEA. Electrochemical impedance spectroscopy (EIS)
for the AlCoCrFeNi; ; HEA shown in the Nyquist plot in Figure 3c indicates a consistent
reduction in arc radius as temperature increases, indicating a reduction in polarization
resistance with increase in temperature. The Nyquist plot for DS2205 in Figure 3d follows
a similar trend with a decrease in arc radius as temperature increases. A comparison of
the arc radius at the same temperature for both AICoCrFeNi; 1 HEA and DS2205 indicates
that the AICoCrFeNi; 1 HEA has an overall higher polarization resistance than DS2205 at
all temperatures. Notably, the Nyquist plot for DS2205 at 100 °C was characterized by a
semicircular plot with a diagonal diffusive tail at a lower frequency. The semicircular region
on the left signifies the coupling between double-layer capacitance and surface kinetic
effects at frequencies faster than the physical process of diffusion. The diagonal diffusive
tail (shown in the Figure 3d inset) indicates diffusion effects at higher temperatures and
lower frequencies. This diagonal diffusive tail supports the OCP behavior seen for DS2205
at a higher temperature. Overall, the AICoCrFeNi; ; HEA exhibited more-stable surface
passivation than DS2205 at all temperatures investigated.

3.2. Microstructural Integrity After Rapid Thermal Shock Conditioning

The EBSD phase map and potentiodynamic polarization plots for AICoCrFeNij 1
HEA and DS2205 rapid thermal shock conditioning are shown in Figure 4. EBSD phase
characterization of the thermally shocked AlCoCrFeNi;; HEA identified phase fractions
of 69% L1, and 31% B2 (Figure 4a). This indicates little to no significant microstructural
transformation in phase fraction after thermal shock conditioning (as-cast was 71% L1,
and 29% B2 phase fractions). In contrast, DS2205 showed 17% y-phase (Austenite-FCC)
and 83% 6-phase (Ferrite-BCC) after thermal shock conditioning as seen in Figure 4b.
This indicates a significant difference compared with the as-cast microstructure of 48%
d-phase and 52% y-phase. Therefore, the AlICoCrFeNi; ; HEA exhibits substantially higher
microstructural integrity under rapid thermal shock than DS2205. This result is consistent
with the microstructural stability predicted for high-entropy alloys from the four core
effects. Evaluations of corrosion resistance by potentiodynamic polarization tests of as-
cast and thermally shocked samples of AICoCrFeNip; HEA and DS2205 are shown in
Figure 4c,d. Potentiodynamic polarization of AICoCrFeNi,; HEA in 3.5 wt.% NaCl in
Figure 4c shows a slight shift towards a nobler potential from an E,, (corrosion potential)
of —200 mV to —176 mV and a modest shift in iy (corrosion current density) from
4.6 x 107 (A/cm?) to 1.2 x 1072 (A/cm?) for as-cast and heat-treated AlICoCrFeNi,
HEA, respectively. This slight shift (—24 mV) towards a nobler potential is indicative of
a thermodynamically more stable surface. Corrosion studies by Dong et al. [35] showed
that corrosion occurs preferentially in the BCC phase of AICoCrFeNij 1 HEA; therefore, an
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increase in BCC of 2% can be attributed to a slight increase in corrosion potential. For the
potentiodynamic polarization of DS2205 in Figure 4d, the E., was relatively unchanged
at ~—173 mV for both for as-cast and heat-treated DS2205. A major shift towards lower
icorr (corrosion current density) was seen after heat treatment from 3.2 x 107° (A/cm?) for
as-cast to 7.8 x 108 (A/cm?) for rapid thermal-shock-conditioned DS2205. These two
order-of-magnitude shifts may be attributed to microstructural transformation resulting
in the increase in the d-phase (Ferrite-BCC), which is known to have a better corrosion
resistance than the y-phase (Austenite-FCC). This microstructural transformation resulting
in an island microstructure of the y-phase in a 8-phase matrix is indicative of the unstable
austenitic—ferritic microstructure. Although, corrosion current density may show better
corrosion resistance for the heat-treated sample, the susceptibility to localized corrosion
in the form of pitting can be seen on the potentiodynamic polarization curve. Pitting
corrosion, seen as corrosion current density spikes on the red curve, is indicative of passive
film degradation and galvanic corrosion resulting from the Cr-rich and Cr-depleted regions
in the 6-phase matrix previously reported [23]. Overall, the AICoCrFeNi; ; HEA showed a
more stable microstructure and potentiodynamic polarization curve than DS2205.

(a) (b)
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-~ V'S { = i
DY 0.100 4 Y 0.100 4 o.
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Figure 3. Electrochemical characterization of AICoCrFeNi;; HEA and DS2205. (a) OCP plot for
AlCoCrFeNi; 1 HEA at room temperature, 50 °C and 100 °C for 3600 s; (b) OCP plot for DS2205
at room temperature, 50 °C and 100 °C for 3600 s; (c) Nyquist plot for AlICoCrFeNiy; HEA at
room temperature, 50 °C and 100 °C (inset showing zoomed-in section of the lower frequency);
(d) Nyquist plot for DS2205 at room temperature, 50 °C and 100 °C (inset showing zoomed-in
section of the lower frequency). The Nyquist arc diameter for both alloys decreases as temperature
increases, indicating a reduction in overall interfacial impedance and charge transfer resistance at
elevated temperature. DS2205 exhibits a low frequency diagonal diffusive tail consistent with a
diffusion-controlled contribution to the overall impedance.
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Figure 4. Heat-treated AlCoCrFeNi; 1 HEA and DS2205 microstructure and corrosion resistance:
(a) EBSD phase map showing AlCoCrFeNi, ; HEA volume fraction of the L1, and B2 phases; (b) EBSD
phase map showing DS2205 volume fraction of the 6-phase (Ferrite-BCC) and y-phase (Austenite-
FCC); (c) potentiodynamic polarization curve of as-cast and heat-treated AlICoCrFeNi;; HEA;
(d) potentiodynamic polarization curve of as-cast and heat-treated DS2205.

3.3. Effect of Temperature on Tribo-Corrosion

To investigate the effect of temperature on the tribo-corrosion response of AlICoCrFeNi, 4
and DS2205, the OCP and COF were recorded simultaneously during reciprocating sliding
at aload of 5 N and frequency of 5 Hz in DI water at 25 °C, 50 °C, and 100 °C, as shown in
Figure 5. These in-test electrochemical and tribological signatures are interpreted together
with post-test wear morphologies (Figure 7) to clarify how temperature influences the
dominant material removal mechanisms through changes in depassivation, repassivation,
and tribo-layer stability. For AICoCrFeNi, 1, the COF in Figure 5a at 25 °C and 50 °C shows
similar magnitudes with average values of 0.195 £ 0.012 and 0.181 + 0.015, respectively.
The relatively low and stable COF at 25 °C corresponds to the predominantly two-body
abrasive morphology in Figure 7a, characterized by fine grooves aligned along the sliding
direction with minimal pile-up. Under this condition, sliding repeatedly disrupts the
passive film locally, but the wear track morphology suggests that debris generation and
entrainment are limited, and material removal is dominated by micro-ploughing/micro-
cutting rather than by severe adhesive transfer or extensive third-body abrasion. At 50 °C,
AlICoCrFeNiy 1 exhibits its lowest COF and the most stable frictional response after the
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run-in period. This friction behavior is consistent with the polished wear track observed
in Figure 7b, which shows reduced grooving and a comparatively smooth contact region.
The polishing morphology at 50 °C indicates a more stable near-surface condition during
sliding, which is consistent with temperature-assisted passivation promoting rapid repair
of sliding-induced depassivation sites. In this regime, the formation and retention of a thin
passive film and/or a mechanically compacted tribo-layer can reduce shear strength at the
interface and suppress aggressive abrasion, yielding the observed reduction in COF and the
minimized wear response at 50 °C. At 100 °C, AlCoCrFeNi, ; initially shows a COF trend
similar to those at 25 °C and 50 °C but transitions after approximately 1000 s to a higher
and more-variable friction level with an average COF of 0.254 & 0.094. This transition in
COF aligns with the wear morphology at 100 °C (Figure 7c), where the wear track contains
discontinuous tribo-layer patches and regions of dislodged oxide/tribo-layer material in the
central contact area, while the track edges appear comparatively polished. This morphology
suggests oxidative wear and tribo-layer instability at the highest temperature. Although
elevated temperature accelerates repassivation kinetics, it can also promote thicker, more-
brittle, or less-adherent oxide/tribo-layers that are repeatedly formed and removed during
reciprocating sliding. The cyclic formation, fracture, and ejection of these patches can
increase friction variability and contribute to localized three-body interactions even if the
dominant appearance remains patchy oxidative wear rather than deep ploughing.
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Figure 5. (a) Coefficient of friction and (b) open circuit potential (Eocp) as a function of temperature
at 5 Hz frequency and 5 N load for AlCoCrFeNi;; HEA; (¢) COF and (d) OCP as a function of
temperature at 5 Hz frequency and 5 N load for DS2205.

The OCP response of AICoCrFeNi; ; during tribo-corrosion (Figure 5b) further sup-
ports these temperature-dependent wear regimes. At 25 °C, the OCP is comparatively
steady during sliding with minor transients, consistent with a near-steady balance between
depassivation and slower repassivation and consistent with the relatively uniform abrasive
grooving in Figure 7a. At 50 °C and 100 °C, the OCP shows more-pronounced undulations
and shifts toward nobler values after the run-in period. This behavior indicates faster
repassivation kinetics and a dynamically evolving surface film during sliding. In particular,
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the stronger OCP instability at 100 °C is consistent with repeated rupture and repair events
associated with the discontinuous tribo-layer patches seen in Figure 7c. After sliding stops,
the repassivation segment follows the expected temperature dependence (faster recovery
at higher temperature), consistent with thermally activated surface film repair.

For DS2205, the COF during tribo-corrosion in Figure 5c is substantially higher than
for AlICoCrFeNi;; at all temperatures, averaging 0.403 £ 0.018 at 25 °C, 0.315 £ 0.014 at
50 °C, and 0.394 & 0.021 at 100 °C. The high COF at 25 °C is consistent with the wider wear
track and deeper abrasive grooves observed in Figure 7d, indicating more-severe two-body
abrasion and greater material displacement. The larger track width and groove depth
suggest higher susceptibility to micro-ploughing and micro-cutting, which increases both
friction and wear relative to the HEA under the same conditions. At 50 °C, DS2205 exhibits
its lowest COF, which corresponds to the comparatively smooth, polishing-type wear track
in Figure 7e. Although displaying similar smooth polishing-type wear, the DS2205 wear
track remains wider than the HEA track. The reduced grooving and smoother contact are
consistent with improved passivation stability at 50 °C producing an interface that is less
prone to severe abrasion. The visible duplex microstructure within the wear track and the
pronounced pile-up at the edges are consistent with ductile deformation and material flow
accompanying polishing wear. This is consistent with an “optimum passivation window”
at 50 °C in DI water, where film repair is sufficiently rapid to suppress severe abrasion
while the film remains stable enough to avoid extensive brittle debris generation. At 100 °C,
the DS2205 COF increases again toward values closer to 25 °C. The wear morphology
in Figure 7f indicates a transition toward three-body abrasion, with ploughing features
consistent with entrapped debris and re-circulated third-body particles. The noticeably
increased edge pile-up at 100 °C relative to 50 °C suggests thermal softening and enhanced
plastic flow in DS2205, which can increase debris production and facilitate third-body
entrapment. In addition, the OCP response for DS2205 (Figure 5d) trends toward a nobler
potential at 100 °C during sliding, indicating active film formation, but the simultaneous
development of three-body abrasion implies that any oxide/corrosion product film formed
is not mechanically stable under sliding. Instead, film formation and breakdown can
generate abrasive particles that promote ploughing and sustain higher friction.

Overall, combining the in-test OCP and COF measurements (Figure 5) with post-test
wear morphologies (Figure 7) indicates that temperature alters tribo-corrosion response
primarily by shifting the balance between (i) abrasive wear under less-effective or slower
film repair (dominant at 25 °C), (ii) a polishing regime associated with temperature-assisted
passivation and a stable near-surface condition (dominant at 50 °C), and (iii) film/tribo-
layer instability and oxidative or debris-assisted wear at the highest temperature (100 °C).
Across all temperatures, AICoCrFeNi; ; maintains a lower COF and more-stable wear
morphology than DS2205, consistent with its more-robust passivation behavior and higher
resistance to severe abrasion and debris-driven degradation under elevated-temperature
tribo-corrosion conditions.

3.4. Dynamic Load and Frequency Tribo-Corrosion Degradation Rate

To simulate dynamic degradation conditions at elevated temperature, varying loads
from 5 N to 10 N and 15 N and varying reciprocating frequencies of 3 Hz, 5 Hz and
9 Hz were applied to the tribo-corrosion test. The resultant wear rates for the effect of
frequency and load for both AICoCrFeNi;; HEA and DS2205 are shown in Figure 6 with a
strong dependence on temperature for the wear rate experienced by both alloys. For the
effect of frequency, Figure 6a shows the wear rate of AICoCrFeNi; ; HEA at reciprocating
frequencies of 3 Hz, 5 Hz, and 9 Hz at 25 °C, 50 °C and 100 °C. It can be observed that
increasing the frequency from 3 Hz to 5 Hz led to a steeper increase in slope for wear rate
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at all three temperatures but further increase from 5 Hz to 9 Hz led to a reduced slope
in wear rate. This trend may be attributed to the low reciprocating frequency of 3 Hz
allowing for ample time for repassivation of the worn surface between cycles. But the
higher reciprocation frequency of 5 Hz allowed insufficient time between reciprocating
cycles, leading to less repassivation and higher wear rates. The decrease in the slope from
5 Hz to 9 Hz may be attributed to reduced material removal as the surface interaction
time decreased with increasing reciprocating frequency. The wear rate from 5 Hz to 9 Hz
follows a decreased-interaction and decreased-material-removal model observed at higher
oscillating frequency for reciprocating wear. For the DS2205 wear rate in Figure 6b, wear
rate reduced with increasing temperature as the material removal mechanism changed. For
the effect of normal load on the wear rate of AICoCrFeNi, 1 HEA in Figure 6c, increasing
the load from 5 N to 15 N had a similar trend at both 25 °C and 50 °C. But a reverse trend
was observed with the wear rate as the load was increased at 100 °C, this can be attributed
to the unstable passive layer at a higher temperature and possible near-surface softening as
increasing load leads to increased frictional heating of the contact surface. For the effect of
load on DS2205 in Figure 6d, similar behavior was observed at both 25 °C and 50 °C with a
decrease in wear rate as load increased from 5 N to 10 N and a further increase in wear rate
going from 10 N to 15 N. This change in wear rate can be attributed to the changing contact
mechanics of the ductile DS2205 as the load moves from 5 N to 15 N. At 100 °C the wear
rate increased drastically from 5 N to 15 N, possibly due to the unstable passive layer and
thermal softening at 100 °C. Overall, the AICoCrFeNi, 1 HEA exhibited approximately one
order-of-magnitude lower and more-stable tribo-corrosion wear rates than DS2205 across
all temperatures, frequencies and loads investigated.
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Figure 6. Wear rate at RT, 50 °C and 100 °C as a function of reciprocating frequency and load for of
AlCoCrFeNi, 1 HEA and DS2205; (a) wear rate for of AICoCrFeNi, ; HEA at 3 Hz, 5 Hz and 9 Hz;
(b) wear rate for of DS2205 at 3 Hz, 5 Hz and 9 Hz; (c) wear rate for of AICoCrFeNi, ; HEA at5 N,
10 N and 15 N; (d) wear rate for of DS2205 at 5N, 10 N and 15 N.
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3.5. Wear Mechanism of AICoCrFeNiy 1 HEA and DS2205

The surface morphologies of AlICoCrFeNi;; HEA and DS2205 wear tracks after tribo-
corrosion at 25 °C, 50 °C and 100 °C with 5 Hz frequency and 5 N normal load are
shown in Figure 7. As the temperature changed from 25 °C to 50 °C and 100 °C, the
wear mechanism significantly changed with passivation layer stability at the temperatures
investigated. Figure 7a shows the surface morphology of AICoCrFeNi,; HEA at 25 °C
with a characteristic two-body abrasive wear deduced from the multiple abrasive grooves
aligned along the reciprocating sliding direction. The abrasive ridges appear to be shallow
without pile-up on the edge of the wear track. The two-body abrasive wear track at
25 °C supports the results previously seen for the COF and wear rate. In Figure 7b,
the surface morphology of AICoCrFeNi;; HEA at 50 °C shows characteristic polishing
wear without significant grooves along the sliding direction. This polished wear track is
consistent with the low wear rate, low wear volume loss and reduced COF observed at
50 °C for AlCoCrFeNi, 1 HEA. Figure 7c, the surface morphology of AICoCrFeNi, ; HEA
at 100 °C shows a discontinuous tribo-layer with multiple patches of dislodged oxides
in the middle of the contact area and a polished surface towards the edge of the wear
track. This morphology at 100 °C indicates oxidative wear at higher temperatures, and the
unstable COF, which increases as tribo-corrosion proceeds, supports the oxidative wear
characteristics. For DS2205 surface morphology at 25 °C shown in Figure 7d, two-body
abrasive wear was observed with similar morphology to that in AICoCrFeNi, 1 HEA. The
wear track for DS2205 was wider and had a deeper groove than the AICoCrFeNi; ; HEA
wear track. The characteristic wider track and deeper grooves account for the order-of-
magnitude increase in wear rate and the increased COF reported in the previous sections.
At 50 °C, the tribo-corrosion wear morphology shown in Figure 7e can be characterized
as polishing wear. The wear track appears to be polished while maintaining a visible
microstructure of y-phase and d-phase within the wear track. The considerable pile-up on
the edge of the wear track is consistent with the ductility of DS2205, and the significantly
low COF at 50 °C is consistent with the smooth and polished wear track. The wear track is
significantly wider than the AlICoCrFeNi, ; HEA wear track at 50 °C, which accounts for
the increased wear rate of DS2205 at 50 °C when compared with AICoCrFeNi, ; HEA. At
100 °C in Figure 7f, the surface morphology of DS2205 revealed a three-body abrasive wear
mechanism of material removal. The ploughing seen on the wear track is characteristic of a
trapped third body dislodged during the tribo-corrosion event. This leads to an incomplete
grove as can be seen on the wear track. The edge pile-up at 100 °C is noticeably more
than the edge pile-up at 50 °C, this suggests thermal softening at higher temperatures for
DS2205 elevated-temperature tribo-corrosion. This wear morphology is consistent with
the increased COF at 100 °C for DS2205, also consistent with a reduced wear rate just
slightly higher than the wear rate at 50 °C. The width of the wear track is significantly
larger than the wear track of AICoCrFeNi,; HEA at 100 °C, and the micro-cutting and
ploughing of DS2205 removes more material than the dislodged tribo-layer volume. The
simultaneously recorded OCP in Section 3.3 provides an electrochemical signature of
the evolving surface state during sliding. Conditions showing a comparatively stable
OCP during the wear interval indicate a near-steady balance between depassivation and
repassivation within the wear track, consistent with predominantly abrasive or polishing
wear without large intermittent film breakdown events. In contrast, pronounced OCP
undulations and spikes reflect repeated passive-film rupture and re-formation, which
aligns with the patchy tribo-layer and dislodged oxide features observed at 100 °C. The
polishing-dominated tracks at 50 °C for both alloys coincide with the minimum wear rates
and comparatively stable electrochemical response, supporting a temperature-assisted
passivation regime that reduces third-body abrasion and suppresses severe ploughing.
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Overall, AlICoCrFeNi, ; HEA showed a much more stable wear morphology, smaller worn
area, and ultimately better tribo-corrosion resistance than DS2205 at all the temperatures
and conditions investigated.
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Figure 7. Scanning electron micrograph showing the material removal mechanism for AICoCrFeNij 1
HEA and DS2205 tribo-corrosion at RT, 50 °C and 100 °C; (a) AICoCrFeNi, 1 HEA wear track at RT;
(b) AlCoCrFeNij 1 HEA wear track at 50 °C; (¢) AlICoCrFeNi, 1 HEA wear track at 100 °C; (d) DS2205
wear track at RT; (e) DS2205 wear track at 50 °C; (f) DS2205 wear track at 100 °C.

4. Conclusions

In summary, the microstructural stability and elevated-temperature tribo-corrosion
of a eutectic high-entropy alloy (AlCoCrFeNi, 1) were studied in deionized water to com-
pare with those of DS2205 under identical conditions. AlICoCrFeNi; 1 HEA showed ex-
cellent microstructural stability and corrosion resistance with only 2% microstructural
transformation in the L1, phase to B2 phase, while DS2205 showed ~35% microstruc-
tural transformation from the y-phase (austenite) into the 6-phase (ferrite) under the same
conditioning. During tribo-corrosion testing at 25 °C, 50 °C and 100 °C, AlCoCrFeNi, ;
HEA exhibited stable depassivation-repassivation behavior, lower COF, and an approxi-
mately one order-of-magnitude lower wear rate than DS2205 across all temperatures, loads,
and frequencies investigated. The trend in wear volume loss during tribo-corrosion was
50 °C < 25 °C < 100 °C for both alloys, consistent with an optimum passivation and tribo-
logical stability window near 50 °C under the present DI water conditions. The observed
temperature dependence reflects the coupled influence of mechanical wear, corrosion, and
their synergy under sliding. Temperature affects repassivation kinetics and the stability
of tribo-layers and corrosion products, thereby shifting the wear mode from abrasive to-
ward polishing behavior near 50 °C and toward less-stable oxide/tribo-layer disruption
at 100 °C. Overall, AlICoCrFeNi; ; HEA showed a more stable wear morphology and a
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smaller worn area, resulting in substantially improved tribo-corrosion resistance compared
with DS2205.

Author Contributions: Conceptualization, J.S.; Methodology, ].S.; Formal analysis, ].S.; Investigation,
J.S.,S.J. and M.P; Resources, S.M.; Writing—original draft, ].S.; Writing—review & editing, S.J., M.P.
and S.M.; Supervision, S.M.; Project administration, S.M. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Data Availability Statement: The original contributions presented in this study are included in the
article. Further inquiries can be directed to the corresponding author.

Acknowledgments: This work was performed under the auspices of the U.S. Department of Energy
(DOE) by Lawrence Livermore National Laboratory under Contract No. DE-AC52-07NA27344 and
was supported by the LLNL-IPPB program.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Tsai, M.H.; Yeh, ].W. High-Entropy Alloys: A Critical Review. Mater. Res. Lett. 2014, 2, 107-123. [CrossRef]

2. Hasannaeimi, V.; Ayyagari, A.V.,; Muskeri, S.; Salloom, R.; Mukherjee, S. Surface degradation mechanisms in a eutectic high
entropy alloy at microstructural length-scales and correlation with phase-specific work function. npj Mat. Degrad. 2019, 3, 16.
[CrossRef]

3.  Miracle, D.B.; Senkov, O.N. A critical review of high entropy alloys and related concepts. Acta Mater. 2017, 122, 448-511.
[CrossRef]

4. Senkov, O.N,; Wilks, G.B.; Miracle, D.B.; Chuang, C.P; Liaw, PK. Refractory high-entropy alloys. Intermetallics 2010, 18, 1758-1765.
[CrossRef]

5. Li,ZM.; Ludwig, A,; Savan, A.; Springer, H.; Raabe, D. Combinatorial metallurgical synthesis and processing of high-entropy
alloys. J. Mater. Res. 2018, 33, 3156-3169. [CrossRef]

6. Karati, A.; Guruvidyathri, K.; Hariharan, V.S.; Murty, B.S. Thermal stability of AICoFeMnNi high-entropy alloy. Scr. Mater. 2019,
162, 465-467. [CrossRef]

7. Shittuy, J.; Pole, M.; Cockerill, I.; Sadeghilaridjani, M.; Reddy, L.V.K.; Manivasagam, G.; Singh, H.; Grewal, H.S.; Arora, H.S,;
Mukherijee, S. Biocompatible High Entropy Alloys with Excellent Degradation Resistance in a Simulated Physiological Environ-
ment. ACS Appl. Bio Mater. 2020, 3, 8890-8900. [CrossRef]

8. Todai, M.; Nagase, T.; Hori, T.; Matsugaki, A.; Sekita, A.; Nakano, T. Novel TiNbTaZrMo high-entropy alloys for metallic
biomaterials. Scr. Mater. 2017, 129, 65-68. [CrossRef]

9. Locatelli, G.; Mancini, M.; Todeschini, N. Generation IV nuclear reactors: Current status and future prospects. Energ. Policy 2013,
61, 1503-1520. [CrossRef]

10. Pole, M.; Sadeghilaridjani, M.; Shittu, J.; Ayyagari, A.; Mukherjee, S. High temperature wear behavior of refractory high entropy
alloys based on 4-5-6 elemental palette. J. Alloy Compd. 2020, 843, 156004. [CrossRef]

11.  Stott, EH. High-temperature sliding wear of metals. Tribol. Int. 2002, 35, 489—495. [CrossRef]

12.  Kritzer, P. Corrosion in high-temperature and supercritical water and aqueous solutions: A review. J. Supercrit. Fluid. 2004, 29,
1-29. [CrossRef]

13.  Young, D.J. High Temperature Oxidation and Corrosion of Metals, 2nd ed.; Elsevier: Amsterdam, The Netherlands, 2016; pp. 1-733.

14. Sahin, S. Progress in novel nuclear energy technologies. Int. J. Energ. Res. 2018, 42, 3. [CrossRef]

15.  Buckthorpe, D. Introduction to Generation IV nuclear reactors. In Structural Materials for Generation IV Nuclear Reactors; Woodhead
Publishing: Sawston, UK, 2017; pp. 1-22.

16. Addepalli, S.; Eiroa, D.; Lieotrakool, S.; Frangois, A.L.; Guisset, ]J.; Sanjaime, D.; Kazarian, M.; Duda, J.; Roy, R.; Phillips, P.
Degradation study of heat exchangers. Proc. Cirp 2015, 38, 137-142. [CrossRef]

17.  Kurz, R,; Brun, K. Degradation in gas turbine systems. J. Eng. Gas Turb. Power 2001, 123, 70-77. [CrossRef]

18. Yang, YJ.; Dong, Y,; Liu, S.C; Duan, S.G.; Li, C.Q.; Zhang, P. A novel AlCo, »CrggFeNi, ; eutectic high entropy alloy with excellent
corrosion resistance. J. Alloys Compd. 2024, 998, 175006. [CrossRef]

19. Du, LM,; Lan, LW.; Zhu, S.; Yang, H.].; Shi, X.H.; Liaw, P.K.; Qiao, ].W. Effects of temperature on the tribological behavior of

AlCoCrFeNi high-entropy alloy. J. Mater. Sci. Technol. 2019, 35, 917-925. [CrossRef]

https:/ /doi.org/10.3390/e28040391


https://doi.org/10.1080/21663831.2014.912690
https://doi.org/10.1038/s41529-019-0079-0
https://doi.org/10.1016/j.actamat.2016.08.081
https://doi.org/10.1016/j.intermet.2010.05.014
https://doi.org/10.1557/jmr.2018.214
https://doi.org/10.1016/j.scriptamat.2018.12.017
https://doi.org/10.1021/acsabm.0c01181
https://doi.org/10.1016/j.scriptamat.2016.10.028
https://doi.org/10.1016/j.enpol.2013.06.101
https://doi.org/10.1016/j.jallcom.2020.156004
https://doi.org/10.1016/S0301-679X(02)00041-5
https://doi.org/10.1016/S0896-8446(03)00031-7
https://doi.org/10.1002/er.3823
https://doi.org/10.1016/j.procir.2015.07.057
https://doi.org/10.1115/1.1340629
https://doi.org/10.1016/j.jallcom.2024.175006
https://doi.org/10.1016/j.jmst.2018.11.023
https://doi.org/10.3390/e28040391

Entropy 2026, 28, 391 15 of 15

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Lou, Y.X;; Shen, Z.; Dong, Z.Y.; Zhang, K.; Li, J.Q.; Wu, Y.H.; Jiang, Z.F.; Wang, H.; Ding, Y.; Zhang, X.T.; et al. Phase-specific
corrosion responses of FeCrNiAl dual-phase HEA to oxygen variations in lead-bismuth eutectic. Corros. Sci. 2025, 257, 113354.
[CrossRef]

Wang, ].T.; Long, Z.P,; Jiang, P.F.; Fautrelle, Y.; Li, X. Microstructure, Crystallographic Orientation and Mechanical Property in
AlCoCrFeNi Eutectic High-Entropy Alloy Under Magnetic Field-Assisted Directional Solidification. Met. Mater. Trans. A 2020, 51,
3504-3517. [CrossRef]

Gao, X.Z.; Lu, Y.P; Zhang, B.; Liang, N.N.; Wu, G.Z.; Sha, G.; Liu, ].Z.; Zhao, Y.H. Microstructural origins of high strength and
high ductility in an AICoCrFeNi2. 1 eutectic high-entropy alloy. Acta Mater. 2017, 141, 59—66. [CrossRef]

Ahn, Y.S.; Kim, ].M.; Jeong, B.H. Effect of aging treatments and microstructural evolution on corrosion resistance of tungsten
substituted 2205 duplex stainless steel. Mater. Sci. Technol. 2002, 18, 383-388. [CrossRef]

Yamanaka, K.; Shiratori, H.; Mori, M.; Omura, K.; Fujieda, T.; Kuwabara, K.; Chiba, A. Corrosion mechanism of an equimolar
AlCoCrFeNi high-entropy alloy additively manufactured by electron beam melting. npj Mat. Degrad. 2020, 4, 24. [CrossRef]
Dong, Y;; Gao, X.X,; Lu, Y.P; Wang, TM,; Li, T.]. A multi-component AICrFeNi alloy with excellent mechanical properties. Mater.
Lett. 2016, 169, 62—64. [CrossRef]

Badji, R.; Bacroix, B.; Bouabdallah, M. Texture, microstructure and anisotropic properties in annealed 2205 duplex stainless steel
welds. Mater. Charact. 2011, 62, 833-843. [CrossRef]

Xiong, T.; Zheng, S.]J.; Pang, ].Y.; Ma, X.L. High-strength and high-ductility AlICoCrFeNi, ; eutectic high-entropy alloy achieved
via precipitation strengthening in a heterogeneous structure. Scr. Mater. 2020, 186, 336-340. [CrossRef]

ASTM A815; Standard Specification for Wrought Ferritic, Ferritic/ Austenitic, and Martensitic Stainless Steel Piping Fittings1.
ASTM International: West Conshohocken, PA, USA, 2017.

Scribner, L.L.; Taylor, S.R. (Eds.) The Measurement and Correction of Electrolyte Resistance in Electrochemical Tests; ASTM: Philadelphia,
PA, USA, 1988.

Zheng, H.T,; Chen, R.R;; Qin, G.; Li, X.Z.; Su, Y.Q.; Ding, H.S.; Guo, ].J.; Fu, H.Z. Phase separation of AlICoCrFeNi, ; eutectic
high-entropy alloy during directional solidification and their effect on tensile properties. Intermetallics 2019, 113, 106569. [CrossRef]
Du, X.; Du, Z.X.; Gong, T.H.; Sun, B.A,; Zhang, S.Z.; Cheng, J.; Liu, J.S.; Hou, X.H.; Zhao, X.P. Mechanical properties of
AlCoCrFeNiy 1 EHEA controlled via the coherent nano-precipitated phase during hot rolling. Mater. Charact. 2024, 215, 114179.
[CrossRef]

Jiang, W.; Zhou, J.; Cao, Y.; Meng, A.; Liu, R.C.; Li, ].S.; Li, Z.M.; Zhao, Y.; Zhao, Y.H. Tribo-induced microstructural evolutions
and wear mechanisms of AICoCrFeNi2. 1 eutectic high-entropy alloy at elevated temperatures. Acta Mater. 2025, 296, 121272.
[CrossRef]

Liu, L.; Tang, L.; Huang, S.X; Liu, L.; Ji, L.E; Jiang, EQ.; Xu, G.F. Microstructural evolution and constitutive model of dual-phase
AlCoCrFeNij ; eutectic high-entropy alloy during hot deformation. J. Mater. Res. Technol. 2025, 39, 8119-8131. [CrossRef]

Tang, L.; Huang, S.X,; Liu, L.; Huang, S.S; Liu, L.; Ji, L.F,; Xu, G.F. Dynamic mechanical responses and microstructural evolution
of AlICoCrFeNi, ; eutectic high-entropy alloy. J. Alloys Compd. 2025, 1037, 182526. [CrossRef]

Dong, D.X; Liu, G.Q.; Guo, WM.; Zhang, Y.; Ding, N; Liu, L.; Xu, N.; Chen, L.Z.; An, Y.L.; Bai, Y.K. The effect of heat-treatment on
microstructure, wear resistance, and corrosion resistance of laser cladding AlCoCrFeNij 1 high entropy alloy coating. Intermetallics
2025, 180, 108693. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

https:/ /doi.org/10.3390/e28040391


https://doi.org/10.1016/j.corsci.2025.113354
https://doi.org/10.1007/s11661-020-05771-8
https://doi.org/10.1016/j.actamat.2017.07.041
https://doi.org/10.1179/026708302225001642
https://doi.org/10.1038/s41529-020-00127-4
https://doi.org/10.1016/j.matlet.2016.01.096
https://doi.org/10.1016/j.matchar.2011.06.001
https://doi.org/10.1016/j.scriptamat.2020.04.035
https://doi.org/10.1016/j.intermet.2019.106569
https://doi.org/10.1016/j.matchar.2024.114179
https://doi.org/10.1016/j.actamat.2025.121272
https://doi.org/10.1016/j.jmrt.2025.11.067
https://doi.org/10.1016/j.jallcom.2025.182526
https://doi.org/10.1016/j.intermet.2025.108693
https://doi.org/10.3390/e28040391

	Introduction 
	Materials and Methods 
	Sample Preparation 
	Microstructure Characterization and Surface Analysis 
	Microstructural Integrity/Stability Under Rapid Thermal Cycling and High Heat Flux 
	Elevated-Temperature Tribo-Corrosion Test 

	Results and Discussion 
	Microstructure and Electrochemical Characterization 
	Microstructural Integrity After Rapid Thermal Shock Conditioning 
	Effect of Temperature on Tribo-Corrosion 
	Dynamic Load and Frequency Tribo-Corrosion Degradation Rate 
	Wear Mechanism of AlCoCrFeNi2.1 HEA and DS2205 

	Conclusions 
	References

