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It�s well known that wear can accelerate degeneration of materials in corrosive media. Less attention has
been paid to effects of different cathodic reactions on tribocorrosion behaviors. In this study, linear
reciprocating sliding wear test of AISI 430 was carried out in distilled water and 0.5 mol/L sulfuric acid
media, respectively. The results revealed that oxygen reduction reaction is in favor of oxide films forming on
the surface, which increased subsurface hardness of the wear track. However, hydrogen evolution reaction
restrained the formation of oxide films and induced hydrogen embrittlement, thus worsened the tribo-
corrosion properties and increased material removal. Interaction between wear and corrosion contributed
most mass loss in the material deterioration, which was related to the reciprocating frequency.
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1. Introduction

For engineering materials, wear often occurs along with
chemical or electrochemical reaction in service condition. This
kind of wear is often referred to as tribocorrosion (Ref 1),
which often happens in the marine environment, petrochemical
industry, body fluid environment, and so on. Material degra-
dation due to tribocorrosion, i.e, the synergism between wear
and corrosion, which is more serious than single failure form,
results in significant financial loss to production and living (Ref
2, 3). In fact, tribocorrosion doesn�t mean simple sum of
mechanical wear and chemical or electrochemical corrosion.
The interaction plays an important role in this condition, which
can significant increase the mass loss of materials, especially in
ion solutions. For example, titanium alloys, aluminum alloys
and stainless steels show good corrosion resistance in most
environments due to formation of passive films. While in
tribocorrosion condition, the mechanical action of wear can
remove the passive films and accelerate the corrosion. Mean-
while, the mechanical property degradation caused by corrosion

facilitates wear (Ref 4-6). Nowadays, more and more
researchers are interested in the tribocorrosion issue. The total
mass loss (W) caused by tribocorrosion can be separated into
net wear component (Wwear), net corrosion component (Wcorr)
and their interactions (DW) (Ref 7).

It�s well known that stainless steels are significant to us
because of their plenitude of applications in our daily life, such
as appliance industry, chemical industry, medical equipment,
aerospace, etc., (Ref 8). For widely use of stainless steel, the
most important property is its good corrosion resistance, which
is primarily attributable to its chromium content. On the basis
of Tammann�s Law (Ref 9), Cr content (wt.%) of stainless steel
is more than 11.7% and it reacts with oxidant to form a thin,
chromium-rich passive film over the surface which provides the
resistance to corrosion (Ref 10). Ferritic, austenitic and
martensitic with precipitates, are main microstructures in
stainless steel, which can be obtained by adjusting chemical
compositions and heat treatment (Ref 8, 11). Accordingly,
stainless steel can be categorized into ferritic stainless steels,
austenitic stainless steels, martensitic stainless steels, duplex
stainless steels, precipitation hardening stainless steels. With
good behaviors in thermal conductivity, stress corrosion
resistance, low tendency in work hardening and low cost,
ferritic stainless steels get the second share of the market,
especially in construction, transportation, and chemical indus-
try.

AISI 430 is the typical kind of 17 percent Cr alloys ferritic
stainless steels. The existing studies on tribocorrosion of AISI
430 are focused on its corrosion behaviors. The process and
kinetics of corrosion, character and mechanism of electrochem-
istry, morphology and constituent of corrosion products have
been studied intensively (Ref 12-15). The studies on wear are
mostly focused on AISI 430 with surface modification, only a
little work is related to tribocorrosion behaviors.

In ion solutions, the common cathodic reactions are
hydrogen evolution reaction (HER), Hþ þ e� ! H, and oxy-
gen reduction reaction (ORR), 1

4 O2 þ 1
2 H2Oþ e� ! OH�.

Therefore, it�s significant to investigate the influence for
different cathodic reactions on tribocorrosion behaviors of
AISI 430.
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In this study, tribocorrosion behaviors of AISI 430 stainless
steel in distilled water and 0.5 mol/L sulfuric acid media were
systematically investigated and the interactions between
mechanics and chemistry were discussed.

2. Experimental Material and Method

AISI430 stainless steel used in this study was hot-rolled and
solution treated, XRF analysis were carried out and composi-
tions are: C 0.035, Si 0.23, Mn 0.33, Cr 16.12, Ni 0.12, P
0.024, S 0.002, N 0.049, Fe balance. The microstructure is
illustrated in Fig. 1. It shows that many second phases, maybe
(Cr, Fe)7C3 (Ref 16, 17), are diffused inside ferrite grains and
the boundaries.

The samples with the size of 10 9 10 9 3mm for
potentiodynamic scanning were polished by 1200-grit silicon
carbide paper and cleaned by ethanol. The exposed working
area was 1 cm2. All electrochemical measurements were
performed with a standard three-electrode system. The counter
electrode was a Pt sheet, and a saturated calomel electrode
(SCE) with a Luggin capillary was used as the reference
electrode. The tests were performed by using Gamry Interface
1000 electrochemical workstation at room temperature with
distilled water and 0.5 mol/L sulfuric acid solutions. The pH of
the acid solution is 0. The scanning rate of potentiodynamic
scanning is 0.166 mV/s.

The samples with the size of 20 9 20 9 3 mm for
tribocorrosion test were cleaned by ethanol, polished by 1200-
grit silicon carbide paper and then polished by diamond paste
(1.5 lm). The mass of the samples was measured before and
after the experiment with an analytical balance. The tribocor-
rosion test was carried out with MFW-05 reciprocating
tribotester in form of ball-on-flat (Ref 18). The counter pair
were a4mm Si3N4 ceramic balls. The applied loads were 30N,
60N, 90N, respectively. The reciprocating frequencies were 0.5,
1, and 2 Hz. The number of reciprocating sliding was 3600 with
a single stroke of 10mm. The test media were distilled water
and 0.5 mol/L sulfuric acid. The Leco LM 247 AT microhard-

ness tester was used to measure the hardness of cross section of
the samples from the worn surface to the base material.

3. Results and Discussions

3.1 Potentiodynamic Scanning Measurements for AISI 430
in Distilled Water and 0.5 mol/L Sulfuric Acid

The electrochemical polarization behavior of AISI 430 in
distilled water and 0.5 mol/L sulfuric acid is illustrated in
Fig. 2. Ecorr and icorr are illustrated in Table 1. The black curve
in Fig. 2 reveals single corrosion potential, which means anodic
current density is equal to the cathodic current density. This
behavior is an indication of stable passive system and the Tafel
slope is about bc � 160 mV/dec. According to the mixed
potential theory (Ref 19), the corrosion occurs at potential
where the O2 reduction rate, iO2, is equal to the metal
dissolution rate, idiss. The measured current density, inet, is the
algebraic addition of iO2 and idiss, .

In distilled water, the stainless steel can form passive film
initiatively and be self-healing. The icorr of AISI 430 is smaller
than 5 9 10�7 A/cm2. This result indicates that, in distilled
water, the corrosion of metal can be ignored.

In 0.5 mol/L sulfuric acid, it reveals triple corrosion
potentials Ecorr-i, Ecorr-ii, Ecorr-iii, existed in the active, active-
passive and passive regions, which means the system is in
unstable passive state. Similar phenomenon was also found of
high nitrogen bearing stainless steel in acidic chloride solution
(Ref 20). At potential of Ecorr-i, Tafel slope is about bc � 120
mV/dec, according to this, the cathodic reaction is hydrogen
evolution reaction, which gives a cathodic current. At Ecorr-i,
the cathodic current iH+ equals to anodic current idiss. The
measured current density, inet, is the algebraic addition of iH+
and idiss, .

In 0.5mol/L sulfuric acid, corrosion of AISI 430 occurs at
Ecorr-i, the protective passive film dissolves and icorr enlarges
observably, relative to which in distilled water. The icorr of AISI
430 is about 2.48 9 10�4 A/cm2. At potential between Ecorr-i

and Ecorr-iii, the cathodic current is smaller than anodic current

Fig. 1 Microstructure of (a) AISI 430 stainless steel and (b) second phase
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and net current performs as anodic current. In active-passive
transition, current decreases substantially and it becomes
cathodic in potential between Ecorr-ii and Ecorr-iii. This behavior
has been ascribed as the rate of HER on the passive film greater
than passive film dissolution (Ref 21). Above the third mixed
potential (Ecorr-iii), the net current performs as anodic current
again.

3.2 Tribocorrosion Tests for AISI 430 in Distilled Water
and 0.5 mol/L Sulfuric Acid

The coefficient of friction (COF) of tribocorrosion test is
illustrated in Fig. 3. After 1200 cycles, the COF becomes
stable. It can be seen clearly that the COF in 0.5 mol/L sulfuric
acid is smaller than in distilled water. Due to the depolarization
of H+, oxidation film dissolves faster, compared with its
formation, which can resist the adhesion grind against Si3N4.
Furthermore, the positively charged surface formed on the
samples by adsorption of the hydrogen ions brought the
electrical double layer effect and the hydration effect (Ref 20),
thus the COF of AISI 430 in 0.5 mol/L sulfuric acid is lower
than that in distilled water.

However, lower COF doesn�t mean lower mass loss.
Figure 4 shows that AISI 430 has the much higher mass loss
in sulfuric acid medium, while the corresponding COF is
around 0.4 which is much lower than that in distilled water. For
different frequencies, when the wear trip is fixed as 72 m, the
testing duration is different. Lower frequency means more
testing duration, which results in increasing of mass loss caused
by corrosion. This phenomenon is much obvious in 0.5 mol/L
sulfuric acid medium because of the high corrosion rate.
Relatively, in distilled water, the corrosion rate of AISI 430 is
much lower than that in 0.5 mol/L sulfuric acid. So, frequency

has little influence in mass loss. The wear loss increased with
loading both in sulfuric acid medium and distilled water, which
indicates higher applied load causes more mass loss and higher
deformation of materials.

The morphologies and EDS analyses of the worn surface are
illustrated in Fig. 5. The wear tracks appear scratches and
grooves, which is characteristic of abrasive wear. In distilled
water, the worn surface is covered by oxide layer containing
mainly Cr and Fe oxide with small amount of Si oxide. It was
reported that above pH 3.5, under tribochemical conditions,
Si3N4 can react with H2O and form SiO2ÆnH2O (Ref 22, 23).
The surface is covered by oxidation film, which performs as
protective layer and resist mass loss. With the applied load of
30 N, the oxide layer is discontinuous and the substrate exposes
partly. With the increase in applied load, oxidation reaction
induced by friction becomes more vigorous. In the condition of
60N, the oxide layer covered the surface completely. When the

Fig. 3 COF of AISI 430 stainless steel in frequency 1Hz

Fig. 4 Mass loss of AISI 430 stainless steel in different test
conditions

Table 1 Ecorr and icorr values of AISI 430 stainless steel
in different media

Experimental medium Ecorr-I, VSCE icorr-I, A cm22

Distilled water � 0.277 2.118 9 10�7

0.5 mol/LÆH2SO4 � 0.475 1.613 9 10�4

Fig. 2 Potentiodynamic polarization curves of AISI 430 stainless
steel in distilled water and 0.5 mol/L H2SO4
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applied load is up to 90N, the oxide layer becomes thicker, with
densification and cracks appearing on the surface.

In 0.5 mol/L sulfuric acid medium, there were obvious
grooves and some oxide chips but no oxide films on the wear
tracks under applied load of 30N and 60N. With highest applied
load of 90N, high deformation and more peelings exist.
Besides, some micropores appear on the worn surface. The
diameter and number of micropores increased with applied
load. This means second phases peeled from the substrate
easily under high loading. The mechanism of material removal
consists of cutting, ploughing and peeling, inducing consider-
able mass loss, and plastic removal mechanism changed to
brittle removal mechanism with applied load increasing.

3.3 Hardness of the Deformation Layer under the Grinding
Surface

The Vickers hardness of cross section under the grinding
surface with applied load 90N is illustrated in Fig. 6. According
to Hertzian Contact theory, in this study, the minimum Hertzian
contact pressure is about 2.8 GPa which is much higher than
yield strength of 430 stainless steel. Due to the strong
deformation, work hardening occurs, which enhances hardness

Fig. 5 Surface microstructures of AISI 430 stainless steel with applied load, (a) 30 N in distilled water, (b) 30 N in 0.5 mol/L H2SO4, (c) 60 N
in distilled water, (d) 60 N in 0.5 mol/L H2SO4, (e) 90 N in distilled water, (f) 90 N in 0.5 mol/L H2SO4, with frequency 1Hz; (g) EDS of area
g, (h) EDS of area h

Fig. 6 Cross section Vickers hardness of AISI 430 stainless steel
under grinding surface with applied load 90N
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of the subsurface. The hardness decreases from the grinding
surface to the base material. After grinding, the hardness
HV0.025 of AISI 430 is enhanced to 163 near the surface
corresponding to the original 135 and the thickness of the
deformation layer is about 160 lm. The hardness in 0.5 mol/L
sulfuric acid is lower than that in distilled water. Corrosive
media results in heterogeneous deformation together with micro
cracks and hygrogen, which decreases the mechanical proper-
ties of stainless steels (Ref 7, 24, 25) which called hydrogen
embrittlement, and pits appear on the worn surface (Ref 26).
The influence of frequency on Vickers hardness is similar to
that on mass loss. In distilled water, the frequency has little
influence on hardness of the cross section, due to the low
corrosiveness. While in 0.5 mol/L sulfuric acid, high corro-
siveness induced stronger hydrogen embrittlement in long
testing duration.

The morphologies of the cross section under the grinding
surface are illustrated in Fig. 7. In distilled water (Fig. 7a), it
can be seen that close to the surface, friction makes the grains
deformed, which brings in work hardening and forms defor-
mation layer. There are some micropores in the deformation
layer, which possibly was related to peeling of second phases.
High stress caused micro cracks around the second phases,
which make them detached. In addition, superficial grains seem
to bend toward one direction, which suggests the tendency to
align themselves along the direction of the last stroke of the
reciprocating sliding (Ref 27). While in 0.5 mol/L sulfuric acid
medium, the deformation layer and the deformation of the
grains are not obvious under the effect of hydrogen evolution,
as shown in Fig. 7(b).

3.4 Interaction Between Wear and Corrosion of AISI 430

Interaction is an important phenomenon for tribocorrosion
study. It�s related to chemical and mechanical properties of the
tribo-pair and tribology interface state including surface or
subsurface. Usually, Wwear can be measured by wear in media
with cathodic protection or corrosion inhibitor (Ref 28-32).
While for AISI 430, it has been discussed above that hydrogen
has a significant effect on AISI 430. So cathodic protection
which may result in hydrogen embrittlement cannot be used in
this study. Like Tomlinson did (Ref 32), mass loss in distilled
water is considered as Wwear in this work. Wcorr is measured by
electrochemical polarization. The interaction and percentage of

interaction for different tests are illustrated in Fig. 8. For
tribocorrosion of AISI 430 in 0.5 mol/L sulfuric acid medium,
interaction between wear and corrosion has great contribution
to the mass loss, from 89 to 98%. Both the interaction and
proportion of the interaction decrease with the increase in
frequency, which means corrosion played an important role
during tribocorrosion process under this test condition. On the
contrary, both the interaction and proportion of the interaction
change a little with the applied load, which means mechanics is
second factor under this condition.

3.4.1 Effects of Cathodic Reactions on Tribocorrosion
Behaviors. Corrosion process has great effect on tribocorro-
sion. In this study, anodic reaction is fixed as metal dissolution,
M ! Mnþ þ ne�. Different cathodic reactions in different
media can change tribocorrosion behavior. In distilled water,
the cathodic reaction is oxygen reduction, which makes the
surface covered with passive film. During tribocorrosion test,
passive films experience the cycle from film removal to film
regeneration. On the one hand, combined with oxidation caused
by friction, oxide film formed on the wear scar, which has
positive effects on corrosion resistance. On the other hand,
oxide film with a certain thickness has bearing capacity and
improves wear resistance. So, in distilled water, the mass loss

Fig. 7 Cross section morphologies of AISI 430 stainless steel with applied load 90 N, frequency 1 Hz, in (a) distilled water, (b) 0.5 mol/L
H2SO4

Fig. 8 Mass loss percentage of different parts in tribocorrosion
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of AISI 430 is less than 2 mg under different loads.
In 0.5 mol/L sulfuric acid medium, the cathodic reaction is

hydrogen evolution, which can damage the passive film.
Although friction oxidation also exists, oxide film can�t be
found on the surface due to strong H+ environment. Further-
more, there are many defects formed on the fresh surface due to
the effect of wear, then H+ invades into materials through these
defects, accelerating the corrosion speed. In the wear process,
due to the existence of second phase, the difference of elastic
modulus between matrix and the second phase causes the
mismatch on the interface (Ref 33, 34), together with the
hydrogen, leading to initiation and propagation of the micro
cracks. The mechanical property degeneration of materials
caused by hydrogen is pervasive in stainless steels (Ref 35-39).
Therefore, tribocorrosion property of AISI 430 in sulfuric acid
medium is worse than that in distilled water, e.g, more mass
loss, lower hardness near the surface, indicating the corrosion
caused by hydrogen evolution accelerates tribocorrosion.

3.4.2 Effects of Microstructures of Stainless Steels
on Tribocorrosion Behaviors. Mechanical and chemical
properties of stainless steels are related to microstructures.
Work hardening is not obvious in AISI 430. It is well known
that ferrite structure cannot occur Twinning Induced Plasticity
(TWIP) or Transformation Induced Plasticity (TRIP) phenom-
ena, relative to austenitic stainless steel. So, work hardening of
AISI 430, which improves abrasive resistance, is limited and
accomplished by impeding the movement of dislocations with
second phases (Ref 40). However, the heterogeneous
microstructure generates galvanic corrosion. Dispersed catho-
dic second phases in AISI 430, together with anodic substrates,
accelerate the corrosion rate in 0.5 mol/L sulfuric acid, which
has disadvantages of anti-tribocorrosion.

Beyond these two points, second phase also plays a bad role
in tribocorrosion behavior of AISI 430 in sulfuric acid medium.
As mentioned before, hydrogen embrittlement degenerates
mechanical properties, especially at the frictional interface.
Stress mismatching caused by the second phase, accelerates the
immersion of hydrogen, resulting in embrittlement and desqua-
mation. Therefore, AISI 430 has more mass loss during
tribocorrosion process in sulfuric acid medium.

3.4.3 A Model for Interaction Between Wear and Cor-
rosion in Tribocorrosion of AISI 430. A model for inter-
action between wear and corrosion in tribocorrosion of AISI
430 is proposed as Fig. 9. In distilled water, with the intense

oxidation, protective oxide layer forms on the worn surface.
Meanwhile, high contact stress makes the grains deform and
enhances the mechanical properties at the frictional interface. In
this condition, H2O medium lubricates interface and relieves
wear. The oxide film formed by electrochemical reaction and
friction process is beneficial to anti-tribocorrosion, promoting
corrosion resistance and load bearing.

In 0.5 mol/L sulfuric acid, passive film cannot form on the
surface. In the tribocorrosion process the fresh surface with
many defects induced by wear exposes to H+ environment. This
can accelerate corrosion, promote hydrogen immersion and
degenerate mechanical properties. In this condition, interaction
worsens tribocorrosion behaviors. Although the friction can
harden the subsurface, hydrogen embrittlement makes materials
remove easily.

4. Conclusions

(1) In distilled water, the cathodic reaction is oxygen reduc-
tion which is in favor of oxide films forming on the sur-
face. While in 0.5 mol/L sulfuric acid medium,
hydrogen evolution reaction takes effect. It can restrain
the formation of oxide films, induce hydrogen embrittle-
ment, and worsen the tribocorrosion properties.

(2) The wear loss of AISI 430 in water increases with the
loading, but shows little change with the reciprocating
frequency. The wear mechanism is abrasive wear,
including cutting, furrow and plastic deformation. The
wear loss of AISI 430 in sulfuric acid increases with the
load and decreases with the increase in reciprocating fre-
quency. The wear mechanism is abrasive wear, including
cutting and spalling.

(3) The wear loss of 430 in sulfuric acid is much higher
than that in distilled water, and there is significant inter-
action between corrosion and wear, which accounted for
89-99% of the total amount of damage. The effect of
frequency on the interaction is more significant than that
of load, which means corrosion is primary factor and
wear is the second factor under this test conditions.

(4) Microstructure play an important role in tribocorrosion
behavior of stainless steel in sulfuric acid. Second
phases are benefit to improve abrasive resistance. While

Fig. 9 Tribocorrosion schematic diagram of AISI 430 in (a) distilled water, (b) 0.5 mol/L H2SO4
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in sulfuric acid medium, it results in galvanic corrosion
and worsen tribocorrosion behavior.
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