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Abstract
The effects of different electrochemical potentials on the tribocorrosive behaviour of AISI 420 in simulated body fluid (37 °C, 
0.15 M NaCl solution) were studied, using a ball-on-disc tribometer under potentiostatic control. Results indicated a strong 
dependence of the material loss and degradation mechanisms on the applied potential. Cathodic polarization led to the lowest 
material loss, which was attributed to the electrochemical removal and mechanical destruction of the passive layer, resulting 
in a low corrosive degradation and strong adhesion. During polarization at the equilibriums between cathodic and anodic 
reactions, maximum material loss was observed. This was attributed to galvanic coupling between the wear track and the 
surrounding surface, which resulted in a high electrochemical degradation, that was maintained by continuous mechanical 
destruction of the passive layer. At potentials in the passive region, a lower material loss was observed. This is considered 
to be caused by faster repassivation and higher stability of the passive layer, which inhibits electrochemical degradation and 
impedes the formation of adhesion contacts. According to the results, the greatest material destruction occurs in between 
cathodic or anodic polarisation, which is common during the use of products like surgical instruments.
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1 Introduction

In many applications of medical technology, such as 
implants or instruments, tribological and electrochemical 
loads often co-exist, forming a tribocorrosive load collec-
tive, where mechanical wear and corrosive material removal 
can influence each other [1–6]. Due to their good mechanical 
properties and a high corrosion resistance in different media, 
stainless steels are often used under corrosive conditions. 

However, frictional sliding in an electrolyte can weaken or 
destroy the passive layer or alter the near-surface microstruc-
ture, therefore increasing electrochemical material loss [1, 
4–8]. Furthermore, products of the electrochemical reactions 
can have an abrasive or lubricating effect, resulting in an 
increase or decline of the tribological wear [9–12].

The complex tribocorrosive interactions were studied 
under a multitude of loads, identifying the electrochemical 
potential as one of the most influential parameters. Varying 
applied potentials modifies the electrochemical surface con-
ditions by cathodically removing the existing passive layer, 
passively altering its composition and thickness or transpas-
sively forming localized corrosion sites [12–16]. This influ-
ences the mechanical interaction and resulting wear between 
the frictional partners. Corresponding studies on austenitic 
stainless steels determined a potential-dependent material 
removal which was least pronounced under cathodic poten-
tials, while anodic polarization showed an almost linear 
increase up to a factor of five, only dropping slightly when 
pitting corrosion occurred [14, 17]. These observations were 
mainly attributed to a potential-dependent transition in wear 
mechanisms, repassivation tendency and microstructure evo-
lution [14, 17].
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Martensitic stainless steels offer good mechanical proper-
ties and a moderate corrosion resistance and are therefore 
used in a variety of medical products facing tribocorrosive 
loads. However, only a few studies are currently available 
and demonstrate a deviating behaviour of the results. Zhang 
[15] and Huttunen-Saarivirta [18] found that although 
AISI 410 and 440B continued to exhibit the lowest mate-
rial removal in the cathodic region, the maximum material 
loss shifted to the open circuit potential (OCP), dropping 
upon passive polarization. A lower repassivation tendency 
was held responsible, which led to increased corrosion and 
abrasive three-body wear. Passive polarization resulted in 
reduced corrosive material loss and a lubricating effect of the 
passive layer. In addition, Dalmau [8] discussed potential-
dependent wear mechanisms and microstructure evolutions 
below the wear track as a possible factor for the observed 
behaviour. Cathodic polarization eliminates the passive layer 
allowing plastic flow with dislocation annihilation and lim-
ited wear [8]. In contrast, in the passive region, the build-up 
of dislocations at the interface to the passive layer led to 
severe grain refinement of the microstructure, facilitating 
formation of cracks and delamination [8].

Since the effect of the electrochemical potential on the tri-
bocorrosive behaviour of martensitic stainless steels is insuf-
ficiently studied, the description of fundamental mechanisms 
of tribocorrosive material degradation is hindered.

However, martensitic stainless steels are commonly used 
in surgical instruments like scissors or needle holders, which 
allows interaction with different body fluids and load collec-
tives, leading to the formation of different electrochemical 
potentials.

In this study, the influence of the electrochemical poten-
tial from the cathodic to the passive and transpassive regions 
on the tribocorrosive behaviour of AISI 420 martensitic 
stainless steel is investigated in NaCl solution to simulate 
body fluids.

2  Experimental Procedures

2.1  Material and Preparation

AISI 420 stainless steel, which is often applied in medi-
cal instruments like scissors, with a chemical composi-
tion as shown in Table 1, was used for the experiments. 
Square specimens with a side length of 50 mm and a thick-
ness of 5 mm were cut from a steel sheet and subsequently 
ground from grit 180 to 2000. To generate a martensitic 

microstructure, the specimens were austenitized under vac-
uum at 1025 °C, then quenched in gaseous nitrogen and tem-
pered at 280 °C. The generated martensitic microstructure is 
shown in our previous study [19]. Heat treatment after grind-
ing allowed prevention of possible subsurface deformations 
through preparation. Finally, polishing with 3 µm diamond 
suspension was performed.

2.2  Tribocorrosive Investigations

Tribocorrosive tests were carried out in a temperature-con-
trolled electrochemical cell mounted to a universal tribom-
eter that operated in the ball-on-disc modification. The test 
setup is shown in our previous study [19]. The tribometer 
consisted of different electrical drives and force sensors that 
allowed application and monitoring of the tribological load. 
Sapphire balls with a diameter of 5 mm were used as counter 
bodies.

The electrochemical cell was utilized in a three-electrode 
setup, containing the specimens as working electrode, a satu-
rated Ag/AgCl electrode as reference and a platinum counter 
electrode that were connected via a potentiostat. The inves-
tigated sample surface was limited to 16.81  mm2 by a Tef-
lon gasket. To simulate conditions as in body fluids, 0.15 M 
NaCl solution temperated to 37 °C was used as electrolyte. 
All potentials given in this work refer to the utilized refer-
ence electrode.

Potentiodynamic polarization and Pourbaix diagrams 
were used to define relevant potentials for the tribocorrosive 
tests. At the beginning of each electrochemical characteri-
zation, the OCP was recorded for 1 h to allow stabilization. 
Afterwards, potentiodynamic polarization was performed 
from − 100 mV against OCP with a rate of 1 mV/s up to a 
limiting current density of 0.5 mA/cm2. To determine the 
electrochemical behaviour under superimposed tribologi-
cal load, a normal force of 15 N was applied between the 
counterbody and the specimen, simulating the contact pres-
sure between two scissor blades. Subsequently a continuous 
circular motion with a radius of 4 mm at a frequency of 
0.1 Hz was initiated based on studies determining the cutting 
speed of a surgeon [20]. Simultaneously, potentiodynamic 
polarization was performed using the described parameters. 
Based on the results, potentials at equilibrium, as well as in 
the cathodic, passive and transpassive range were selected 
for further investigations.

Tribocorrosive tests were carried out under potentio-
static control at the specified potentials. Initially the OCP 
of the samples was recorded over a period of 1 h to reach 

Table 1  Chemical composition 
AISI 420 (mass %)

C Cr Mn Si P S Fe

0.22 12.90 0.43 0.156 0.01  < 0.0005 Balance
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equilibrium conditions. Electrochemical impedance spec-
troscopy (EIS) was performed at OCP with an amplitude of 
10 mV in the frequency range from 100 mHz to 70 kHz, to 
evaluate the passive layer stability. Subsequently, the sam-
ples were potentiostatically polarized to the defined poten-
tials, before sliding was initiated over 1000 cycles according 
to the previously described parameters. During the tribo-
logical loading, the current density over time and the coef-
ficient of friction (COF) were recorded. On completion of 
the superimposed friction, OCP was measured for 1 h and 
EIS was performed using the described settings to examine 
the passive layer condition after the experiments. All experi-
ments were repeated three times to ensure repeatability.

2.3  Material and Wear Characterization

The wear track morphology was assessed via light micros-
copy (LM) and scanning electron microscopy (SEM). In 
addition, the material loss was recorded by measuring the 
cross-sectional area of the wear track using a confocal laser 
scanning microscope. To evaluate the mechanical properties, 
Vickers microhardness measurements were performed in the 
wear track and on the nearby polished surface with a load of 
0.5 N. In order to investigate the microstructure evolution 
below the damaged areas, longitudinal metallographic sec-
tions were observed by SEM after metallographic prepara-
tion and etching with Viella’s reagent.

3  Results

3.1  Potentiodynamic Polarization Measurements

Figure 1 shows an example for the polarization behaviour 
of the samples in the absence and presence of a superim-
posed tribological load. In both cases, the curves can be 

divided into a cathodic, an anodic-passive and an anodic-
transpassive region, following the typical behaviour of pas-
sive stainless steels in NaCl-containing electrolytes. In the 
absence of friction, an OCP of − 140 mV, a passive current 
density of 400 nA/cm2 and a pitting potential of 156 mV 
were measured. When a tribological load was superimposed, 
the free corrosion potential shifted cathodically to a value 
of − 280 mV, while the passive current density increased 
to 2.25 µA/cm2. The pitting corrosion potentials remained 
constant. The shift of the values indicates a mechanically 
induced destruction of the passive layer, which results in a 
local activation of the material and consequently formation 
of a galvanic element, leading to a decrease of the potential 
and higher current densities [1, 11–13].

Considering the determined polarization curves and 
Pourbaix diagrams of iron and chromium (Fig. 2) in aque-
ous media, six potentials over the different reaction ranges 
were selected for further tribocorrosive investigation. The 
cathodic range was covered by potentials of − 1200 mV and 
− 400 mV. The cathodic/anodic transition was addressed 
by the equilibrium potentials with and without tribological 
load at − 280 mV and − 140 mV (OCP). In the passive and 
transpassive range, 70 mV as well as 160 mV were chosen. 
All defined potentials are colour-coded in the correspond-
ing figures.

3.2  Tribocorrosive Behaviour

3.2.1  Current Density Over Time

Figure 3 illustrates the current density over time recorded 
during the potentiostatic tests. Potentials lower than 
− 280 mV exhibited a permanently negative, cathodic cur-
rent density, where no anodic metal dissolution and there-
fore corrosion was active. Polarization at − 280 mV led to 
a negative current density, that slowly rose towards a value 

Fig. 1  Potentiodynamic 
polarisation curves of AISI 420 
under corrosive (black) and 
tribocorrosive loads (grey) with 
indicated test potentials
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of zero, dropping sharply after removal of the tribological 
load. The applied polarizations at − 140 mV (OCP), as well 
as in the passive range (70 mV), resulted in a positive cur-
rent density, which increased significantly at the onset of the 
tribological load and fell after termination. The positive cur-
rents indicated anodic metal dissolution. In addition, a new 
behaviour could be observed, which is shown in the magni-
fied areas of the illustration. While initial current densities 
at 70 mV were higher than the value at − 140 mV, after an 
experimental time of about 1800 s, the order reversed, indi-
cating stronger electrochemical dissolution in equilibrium. 
Observing the sample held at 160 mV in the transpassive 

region, a sudden increase in the current density could be 
noted with the onset of polarization, which became larger 
as the experiment continued. In addition, the value of the 
current density did not decrease after the completion of the 
experiment but instead continued to increase steadily. This 
indicates electrochemical metal dissolution even after polari-
zation has been discontinued.

The present sinusoidal variation, which was also visible 
in the potentiodynamic curves, can be attributed to the cir-
cular movement of the counterbody and the associated elec-
trochemical change of the wear track, while the reference 
electrode remained static.

Fig. 2  Pourbaix diagrams of iron (a) and chromium (b) in aqueous solution [21] with indicated test potentials

Fig. 3  Current density over time 
during tribocorrosive load at 
applied potentials
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3.2.2  Electrochemical Impedance Spectroscopy

Quantitative impedance data (Table 2) were determined by 
fitting the EIS data to a randles equivalent circuit that was 
modified by a constant phase element (CPE) visualized in 
Fig. 4.  Rs shows the solution resistance of the electrolyte, 
Rp the polarization resistance of the passive layer and the 
CPE is used to describe the double layer capacity, while 
n evaluates how close CPE is to an ideal capacity (n = 1) 
[22, 23]. Compared to the reference measurement prior to 
tribocorrosive exposure, the sample polarized at − 400 mV 
showed similar shapes, leading to a similar value of Rp. At 
− 280 mV, 160 mV and − 1200 mV, a continuous decline 
in the Rp was noticed, which revealed a decreased passive 
layer stability. In contrast, the experiments at − 140 mV and 
70 mV resulted in an increased Rp, revealing higher stability 

of the passive films. CPE values negatively correlated to the 
Rp, therefore indicating high ion concentration and rising 
capacity of the electrochemical double layer when passive 
layer stability diminishes.

3.2.3  Optical Appearance

Figure 5 displays LM and SEM images of the wear track 
morphologies. In case of strong cathodic polarization at 
− 1200 mV, a small wear track with a width of 160 µm was 
observed showing abrasion and pitting corrosion. The pit-
ting occurred only after the termination of polarization and 
was attributed to acidification of the electrolyte as a result 
of polarization-induced hydrogen evolution [17, 24]. At 
cathodic polarization of − 400 mV, the width of the wear 
track rose to 190 µm, while material transfers, shear cracks 

Table 2  Impedance parameters 
determined from fitted EIS 
spectra

Potential  (mVAg/AgCl) RS (Ω  cm2) RP (Ω  cm2) CPE (Ω−1  cm−2  sn) n

Reference 21 ± 15.0 (227 ± 1.6) ×  103 (38 ± 5.0) ×  10–6 0.93 ± 0.01
− 1200 9.2 ± 2.8 (1.22 ± 0.08) ×  103 (127 ± 4.1) ×  10–6 0.77 ± 0.02
− 400 10.5 ± 1.0 (263 ± 22.0) ×  103 (39 ± 0.9) ×  10–6 0.93 ± 0.01
− 280 13.6 ± 9.5 (167 ± 81.0) ×  103 (49 ± 6.2) ×  10–6 0.88 ± 0.01
− 140 5.0 ± 1.6 (339.5 ± 3.5) ×  103 (36 ± 0.1) ×  10–6 0.91 ± 0.01
70 21.8 ± 0.7 (424.0 ± 34) ×  103 (32 ± 2.0) ×  10–6 0.93 ± 0.01
160 20.4 ± 13.5 (10.0 ± 1.6) ×  103 (172 ± 24) ×  10–6 0.93 ± 0.01

Fig. 4  Nyquist plots of EIS 
after the tribocorrosive load at 
applied potentials
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and  Fe2O3 deposits were identified. The sample at equi-
librium conditions in the presence of friction (− 280 mV) 
showed a different behaviour. The wear track widened sig-
nificantly to 287 µm and showed fine grooves that merged 
into small amounts of transferred material at the edges. In 
addition, a heavy deposit of  Fe2O3 was identified next to the 
wear track. With polarization into the passive, as well as 
transpassive region, wear track width decreased to 200 µm 
and 202 µm, while deep grooves were visible.

3.2.4  Microstructural Evolution

Tribocorrosive loading led to material deformation with 
a microstructure evolution underneath the wear track, as 
shown in the SEM micrographs in Fig. 6. The heat-treated 
AISI 420 is composed of hierarchically arranged martensite 
laths and precipitated chromium-rich carbides, which is 
explained in further detail in [19]. As indicated by the red 

lines in Fig. 6, plastic deformation revealed an inclination of 
the martensite laths in loading direction, which varied with 
the applied potentials. At − 1200 mV, an affected zone of 
7 µm was visible, while at − 400 mV, a maximal deforma-
tion of 10 µm could be measured. Polarized to − 280 mV, 
the depth of the influenced microstructure decreased to just 
1 µm. With increasing polarization from − 140 to 70 and 
160 mV, the value rose slightly from 3 to 5 µm.

3.2.5  Hardness

The deformation under tribocorrosive loading with varying 
polarization led to increased hardness values, as shown in 
Fig. 7. For strongly cathodically polarized samples, almost 
no difference to the reference of 545 HV was observed. At 
higher polarization, the hardness increased almost linearly 
to a value of 787 HV at 160 mV. An exception was observed 
at − 280 mV delivering a value deviating from the linearity.

Fig. 5  LM micrographs and 
magnified SEM sections of 
the wear tracks, a − 1200 mV, 
b − 400 mV, c − 280 mV, d 
− 140 mV, e 70 mV, f 160 mV
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3.3  Material Loss and COF

Material loss and friction coefficients at the applied poten-
tials are illustrated in Fig. 8. The trend of the values is in 
line with the results of previous studies by Zhang [12, 15]. 
Under cathodic polarization at − 1200 mV, the material loss 

(0.0005  mm3) and the COF showed minimum values. By 
raising the potential to − 400 mV, the determined material 
loss increased to 0.0013  mm3 and the friction coefficient 
reached its maximum value. At − 280 mV, a tenfold increase 

Fig. 6  SEM images of the 
deformed microstructures above 
the dashed lines in longitudinal 
sections through the wear tracks 
a − 1200 mV, b − 400 mV, 
c − 280 mV, d − 140 mV, e 
70 mV, f 160 mV (Color figure 
online)

Fig. 7  Hardness values in the wear track after tribocorrosive tests at 
applied potentials

Fig. 8  Total material loss and COF as a function of applied potentials
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in the measured material loss to the highest recorded amount 
of 0.013  mm3 was coupled with a lower COF. With rising 
potentials, the material loss decreased to 0.011  mm3 at 
− 140 mV and a local minimum of 0.0045  mm3 at 70 mV, 
while the COF increased slightly. In the transpassive region, 
a wear volume of 0.0057  mm3 and a decreasing COF were 
measured.

4  Discussion

The results indicated a clear dependence of the material 
loss and effective degradation mechanisms on the applied 
potentials.

Under cathodic polarization into the immune area (Fig. 2) 
and thus absent anodic metal dissolution, the lowest material 
loss (Fig. 8) at − 1200 mV was observed. Furthermore, the 
appearance and wear mechanisms within the wear tracks 
of the cathodic polarized samples varied. While abrasion 
could mainly be detected at − 1200 mV, weaker cathodically 
polarized (− 400 mV) specimens showed strong adhesion 
phenomena. This behaviour can be attributed to the poten-
tial dependence of the surface condition and electrochemical 
reactions [12–16]. Polarization at − 1200 mV was accom-
panied by a large evolution of hydrogen in the wear track 
which could adsorb and penetrate the material surface. In 
this process, adsorption or gas formation can act as a bar-
rier to reduce the interaction between specimen and counter 
body [25, 26], while diffusion into the material can lead to 
local embrittlement accompanied by a decrease in ductility 
and adhesion tendency [15, 24–28]. This leads to a low COF 
as well as small subsurface material alteration. In sum, the 
lack of electrochemical dissolution combined with the low 
interaction strength results in the lowest material loss.

At a polarisation of − 400 mV, no hydrogen evolution 
was evident. Due to continuing cathodic degradation and 
mechanical destruction of the passive layer, a direct contact 
between the counterbody and the test specimen was pos-
sible. This enables the formation of adhesive junctions, as 

indicated by the high COF, that transfer high shear stresses 
into the subsurface, initiating strong deformation and adhe-
sive wear. In the absence of the passive layer, dislocations 
can be annihilated at the surface, promoting strong micro-
structural deformation without forming cracks [1, 18]. The 
low material loss can thus be attributed to missing electro-
chemical material removal and slight work hardening of the 
microstructural areas near the surface.

Polarisation to −  280  mV drastically changed the 
observed effects. Compared to cathodic polarization, the 
material loss increased by a factor of ten, while the friction 
coefficient dropped significantly, showing mainly abrasive 
wear. Furthermore, a strong deposition of  Fe2O3 was found 
next to the wear track. This is probably triggered by the 
applied potential, as the Pourbaix diagrams indicate that the 
potential lies near the boundary region between stable  Fe2O3 
formation and  Fe2+ evolution (Fig. 2). The superimposed tri-
bological load can locally destroy the passive layer and elec-
trochemically activate the material. This results in a potential 
drop within the wear track into the existence range of  Fe2+ 
ions, enabling iron dissolution. Microgalvanic coupling 
with the surrounding surface slightly increases the potential 
outside the track, allowing  Fe2O3 to be formed. The effect 
therefore causes iron to dissolve as  Fe2+ ions within the wear 
track and to be oxidized directly to  Fe2O3 at the edges of the 
wear track while oxygen is reduced. The resulting galvanic 
element is associated with a high current across the interface 
and ultimately results in a rapid electrochemical material 
removal. The processes described are shown graphically in 
Fig. 9. This correlates with the measured current density 
curve in Fig. 3, which increased with time and thus indicates 
an interaction between the activated track and the surface 
surrounding it. The continuous removal of material can 
also expose carbides, which in combination with the  Fe2O3 
formed next to the track can lead to three-body wear result-
ing in increased mechanical abrasion. Carbides and oxide 
particles being present in the contact area combined with 
a  Cr2O3 passive layer prevent adhesive bondings, resulting 
in the low COF. The combination of rapid electrochemical 

Fig. 9  Schematic potential and 
current curves across the wear 
track at − 280 mV during tribo-
corrosive testing
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dissolution and low interaction between the counterbody and 
the specimen also results in a very small microstructural 
change below the surface.

In the passive range from − 140 mV (OCP) to 70 mV, 
another significant transition in damage mechanisms could 
be identified. With increasing potential, a slight decrease in 
material loss, a constant COF, deeper grooves and a higher 
hardness were observed. This behaviour can be explained by 
considering the electrochemical surface conditions and the 
deformed microstructure. At higher anodic potentials, pas-
sive layer formation is favoured, increasing the repassivation 
rate and probably changing its composition [13, 29]. By EIS 
measurements, an increased Rp could be determined after the 
experiment at 70 mV, attributed to an increased passive film 
stability [22, 23], which increases the resistance towards the 
applied tribological load and accelerates the repassivation 
in the case of mechanical damage. As a result, the measured 
current density remains almost constant at 70 mV, while at 
the OCP, due to the lower stability of the passive layer and 
its slower repassivation, a continuous increase in the cur-
rent and thus in the electrochemical activity was observed. 
In addition, according to current research, the passive layer 
can influence the deformation mechanism in the near-surface 
zone [30–32]. The contacting relative motion induces shear 
stresses, which lead to the formation of dislocations, that 
can accumulate at the passive layer interface and arrange 
in so-called dislocation cells. These cells can be described 
as subgrains of a few nanometers in size, acting as severe 
obstacles for newly formed dislocations and result in a sig-
nificant increase in hardness [19, 30–32]. In combination 
with a reduced interaction between the sphere and the speci-
men due to the stronger passive layer, the hardened specimen 
surface results in a low material removal with an abrasive 
appearance [33–35]. In addition, oxides occurring in the 
passive layer can possibly have a lubricating effect [36]. It 
can therefore be stated that an increased anodic polarization 
in the passive region leads to a more stable, rapidly form-
ing passive layer with an underlying refined microstructure, 
which in combination can counteract both electrochemical 
and mechanical material removal.

At 160 mV, an increased material loss was observed, 
which can be attributed primarily to the increased electro-
chemical material removal that was visible in the abrupt 
increase of the current density curve (Fig. 3). When polar-
ized beyond the passive region, the passive layer is locally 
destroyed and the resistance to metal dissolution is reduced. 
This results in the formation of pitting corrosion sites where 
a large amount of material can be transferred to the elec-
trolyte in a short time. In addition, the repassivation of the 
wear track is hindered by the tribological load, as can be 
seen through the results of EIS, in which a greatly reduced 
Rp is visible. In addition, corrosive attacks can dissolve 
chromium-depleted areas around chromium-rich carbides 

within the wear track [37, 38], whereby the hard carbides get 
between specimen and counter body developing an abrasive 
effect. Due to the mentioned effects, strong abrasive grooves 
are formed and the material loss increases.

This study confirmed the observed trends in the material 
loss and COF found by Zhang et al. [12, 15] for AISI 410 
stainless steel in artificial sea water and expanded the inves-
tigation of the mechanisms using wider potential ranges. 
Comparing different studies in tribocorrosion is very com-
plicated, since the examined materials and load collectives 
differ widely. This limits the study, since a wider range of 
load collectives as well as additional measurements like XPS 
or TEM of the deformed surface microstructure are needed 
to fully understand the underlying mechanisms.

5  Conclusions

In this study, the influence of the electrochemical potential 
on the tribocorrosive behaviour of AISI 420 in simulated 
body fluid was investigated. The results demonstrate a strong 
dependence of the material loss and the acting mechanisms 
on the applied electrochemical potential.

(1) Cathodic polarization at − 1200 mV led to the low-
est material loss and COF, while abrasive wear was 
detected. This is presumably caused by the absence 
of electrochemical material removal and a hydrogen-
induced low interaction strength between specimen and 
counterbody.

(2) While the material loss at − 400 mV remained low due 
to the absence of electrochemical material removal, the 
highest COF and strong adhesive wear with a result-
ing deep deformation of the subsurface microstructure 
were observed. This can be attributed to electrochemi-
cal degradation of the passive layer in combination 
with a lack of hydrogen evolution leading to strong 
adhesive bondings.

(3) By polarization to −  280  mV, the material loss 
increased abruptly to the maximum value, while the 
COF dropped significantly. Abrasive grooves in and 
 Fe2O3 deposits next to the wear track were detected, as 
the deformation of near-surface microstructural regions 
remained absent. This is presumably caused by a local 
galvanic coupling between wear track and surrounding 
surface leading to high electrochemical material loss.

(4) Following polarization at the passive region, the mate-
rial loss decreased and the COF remained stable. Fine 
abrasive grooves and a strongly deformed microstruc-
ture were observed. This can be attributed to the forma-
tion of a more stable passive layer, which can be stated 
by the EIS measurements and is associated with faster 
repassivation and accumulation of dislocations.
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(5) Transpassive polarization led to an increase in mate-
rial loss and deep abrasive grooves, which is caused by 
local breakdown of the passive layer and exposing of 
abrasive chromium-rich carbides in the wear track.
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