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Abstract: The effect of galvanically induced potentials on the friction and wear behavior of a 1RK91 stainless
steel regarding to tribocorrosion was investigated using an oscillating ball-on-disk tribometer equipped with an
electrochemical cell. The aim of this investigation is to develop a water-based lubricant. Therefore 1 molar
sodium chloride (NaCl) and 1% 1-ethyl-3-methylimidazolium chloride [C,mim][Cl] water solutions were used.
Tribological performance at two galvanically induced potentials was compared with the non-polarized state:
cathodic potential-coupling with pure aluminum- and anodic potential-coupling with pure copper. Frictional
and electrochemical response was recorded during the tests. In addition, wear morphology and chemical
composition of the steel were analyzed using scanning electron microscopy (SEM) and X-ray photoelectron
spectroscopy (XPS), respectively.

The galvanically induced cathodic polarization of the stainless steel surface results in electrochemical
corrosion protection and the formation of a tribolayer. Cations from the electrolyte (sodium Na* and 1-ethyl-
3-methylimidazolium [C;mim]*) interact and adhere on the surface. These chemical interactions lead to
considerably reduced wear using 1 NaCl (86%) and 1% 1-ethyl-3-methylimidazolium chloride [C,mim][Cl] (74%)
compared to the nonpolarized system. In addition, mechanical and corrosive part of wear was identified using
this electrochemical technique. Therefore this method describes a promising method to develop water-based
lubricants for technical applications.

Keywords: sliding wear; tribochemistry; potential controlled friction and wear; galvanic coupling; ionic liquids;
tribolayer formation

1 Introduction

Friction and wear occurs in mechanically driven
technical systems and causes enormous economic costs,
which are estimated up to = 6% U.S. gross national
product [1]. In combination with the possibility to
diminish the environmental impact of tribological
applications, it is inevitable to increase the energy
efficiency and durability of their components in sliding

or rolling contacts [2—4]. These challenges have been
identified and are reflected in current research, which
focusses increasingly on energy efficiency, sustainability
and “green” tribology [5]. Therefore current research
topics in the field of tribology consist in the
development of water-based lubrication [6] and the
reduction of friction losses to increase the energy
efficiency of technical systems [7]. However, there is
a common disregard of tribochemical effects in friction
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and wear, though especially rolling and sliding
bearings in machines and systems that are exposed
to environmental influences or only lubricated by
surrounding media (e.g., pumps) are subjected to
increased corrosive wear. For engineering materials it
is a common scenario to be exposed simultaneously
to mechanical damage and electrochemical corrosion
[8]. Under these conditions complex tribochemical
reactions and surface interactions take place, which
lead to corrosive wear [9]. As a consequence, the sliding
surfaces of bearings and mechanical seals may be
severely damaged after only a short period of use [10].
For the affected technical equipment, devices, and
machines there is a need to reduce the damage caused
by tribochemical reactions to increase the service life
and durability.

To prevent tribocorrosion, corrosion resistant
materials, coatings, or lubricants are used. Since 2001
ionic liquids (ILs) have been identified as novel
substances with promising tribological properties as
lubricants [11-13] and as additives [14-18]. In addition,
it has been reported that ILs can be used at electrified
interfaces to improve friction and wear [19, 20]. Li
et al. have recently shown that ionic liquids even
form solvation layers on surfaces that are strongly
influenced by electric potentials and may effectively
prevent solid-solid contact in nanotribological contacts
enable extremely low friction coefficients [20]. But
also other surfactant containing aqueous solutions
can be used to actively influence friction and wear by
the application of electrochemical potentials [21-24].
These investigations were conducted using an exter-
nal voltage generator. This experimental approach
has been frequently published and is called potential
controlled friction (PCF) [25, 26]. The relevant surface
mechanisms that influence the tribochemical behavior
are variation of electric double layers [27] electro-kinetic
effects, chemisorption, and physisorption of surfactants
and chemical reactions [28].

Fundamental investigations on the nanoscale revealed
that dynamic superlubricity can be realized accom-
panied by the elimination of wear [29]. Atomic force
microscopy (AFM) studies using surfactant micelles
between silica surfaces showed liquid superlubricity
[30]. Realizing this state of vanishing friction and wear
on the macroscale would come along with high energy

savings and increased lifetime of technical applications.
Due to these findings bridging the gap between con-
cepts of superlubricity, wearless sliding, and friction
control on the microscopic and macroscopic level are
the current challenges in this research field [31]. The
hypothesis of this work is based on two tribological
mechanisms which arise due to the interaction of
ionic molecules on a polarized interface. On the one
hand the steel surface is electrochemically protected
against corrosion reactions [32, 33]. On the other
hand the polarized surface in combination with
ionic molecules can lead to the formation of very
stable interfacial layer as it was shown using AFM-
measurements [20]. The molecular orientation of the
ILs strongly influence the tribological behavior [34].
Moreover, it was found that Na* ions enhance molecular
ordering of water and lead to longer mechanical
relaxation times [35]. Even the adhesion and friction
characteristics can be controlled using nanoparticulate
polymer brushes [36]. Ionic liquids have already
been investigated as additives in water lubrication in
combination with ceramics [37-40]. Furthermore using
a protic ionic liquid ultra-low friction was achieved at
the water-lubricated sapphire-stainless steel interface
[41]. In addition, it was found that the running-in
process reduces with increasing IL/water concentration
which is accompanied with more pronounced adhesive
and corrosive wear [39]. From a chemical point of view
it must be noticed that 1-ethyl-3-methylimidazolium
chloride [C2mim][Cl] ionic liquid is hydrophilic and
can cause decomposition into the HCI in presence
of water and humidity, which has detrimental effect
towards metallic tribo-surfaces [11]. As a result, since
last five years halogen-free ionic liquids are gaining
significant attention [42]. The miscibility of IL with
water is strongly affected by the composition of the
anion [43]. For example ILs with chloride [CI]™ are
complete miscibility with water whereas [PF4]” con-
taining ILs are almost total immiscible. In addition,
the miscibility gets worse with increasing alkyl chain
length of the cation. The formation of electric double
layers, tribochemical reactions, chemisorption, and
interfacial electro-kinetic effects are identified as the
most important mechanisms which induce modified
friction and wear behavior in electrochemically affected
tribological systems and have been discussed elsewhere
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[20, 27, 28, 44, 45]. In the ionic liquid solution, cations
adsorb along the surface at negative potentials and
arrange into ion/ion pair layers near the interface
[44, 45]. This arrangement is more pronounced at higher
polarization [44]. Especiallyl-ethyl-3-methylimidazolium
[Comim] with its rigid and inflexible side chains is
able to sternly adsorb with a high packaging density
within the interfacial (innermost) layer and the
transition zone [25]. But it must be noticed that water
can strongly change viscosity, polarity, and surface
tension in contrast to the pure IL [46]. Consequently,
understanding surface interactions, tribochemistry and
electro-chemical phenomena and ordering of molecules
on the tribological interface are identified as key factors
to realize tribological applications using aqueous
lubricants [32]. Both factors, the good miscibility
with water and the capability to adsorb with a high
packaging density were decisive that 1-ethyl-3-
methylimidazolium chloride ionic liquid [C,mim][Cl]
was used for this investigation.

The aim of this study is to influence these two
mechanisms in macroscopic tribological contacts to
control chemical (electrochemical corrosion protection)
and mechanical (formation of tribolayer) wear.

Since external electrical supplies are normally too
difficult to apply in real technical systems, we did not
induce electrochemical potentials externally but simply
used galvanic couplings of two suitable materials. In
analogy to galvanic corrosion protection techniques
using sacrificial anodes, the galvanic coupling relocates
electrochemical reactions to the less noble metal sur-
face. This offers the opportunity to protect tribological
contacts against accelerated chemical wear [47]. In
a chloride environment for example there is a rapid
passive film breakdown due to hydrolysis [48, 49].
Recently published own work using ILs [50], aqueous
solutions of ILs [51], and sodium chloride [52, 53],
we showed how strongly electrochemical potentials,
applied in a three-electrode configuration [54], can
improve friction, wear, and reduce tribocorrosive
reactions. The Effect of potential in tribocorrosion
of passive materials such as stainless steel has been
previously studied and some degradation mechanisms
have been already proposed [55, 56]. In addition, Vieira
et al. found that during rubbing, a galvanic coupling
between the worn and unworn area are generated

due to the mechanical removal of the passive layer
and proposed a galvanic model for describing this
effect [57].

The approach of this work is to design a tribo-
system, in which tribochemical mechanisms and con-
ditions are most favourable. In this article we show
that electrochemical potentials can be generated by
combining metals with significantly different corrosion
potentials (galvanic coupling) to reach minimal wear
in sliding surfaces in aqueous solutions with sodium
chloride and an ionic liquid.

2 Methods and materials

Friction tests were carried out with a reciprocating
ball-on-disk tribometer (diameter ball: 12.7 mm, Co.
Optimol Instruments SRV-4) using two different
electrolytes (Fig. 1). The test parameters were set to
10 N normal force, 1 mm stroke, and 20 Hz oscillation
frequency at room-temperature. Each test was per-
formed three times with test duration of 1.0 h.

A stainless steel disk (Sandvik Bioline 1RK91TM,
precipitation hardened, 12%Cr-9%Ni-4%Mo-2%Cu,
ASTM A564, UNS 546910) with a silicon carbide (SiC)
ball as counter body were used as tribological test
samples. 1RK91 was used because it combines the
properties of ordinary austenitic stainless and low
alloyed ferritic steels. The arising galvanic potential
during the tribological tests, due to different material
combination, was measured using a potentiostat with
a reference electrode (Ag/AgCl). To measure the

Fig.1 Sketch of the electrically insulated test setup with ball-
on-disk geometry. 1. Reciprocating SiC ball; Galvanic cell due
to different material combinations: 2. Upper stainless steel disk
(1RK91in contact with SiC ball); 3. Used materials for lower disk:
copper (Cu), aluminium (Al), and teflon (PTFE); 4. Ag/AgCl-
reference electrode to measure the induced electrochemical
potential; 5. Electrolyte reservoir filled with lubricant (1 molar
sodium chloride (NaCl) and 1% imidazolium-based ionic liquid
[Comim][C1]).
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generated galvanic potential the lower disks (galvanic
cell) was connected as counter electrode. The contact
area with electrolyte was 250 mm? and with the galvanic
coupled metal 240 mm? To form a galvanic cell pure
copper (Cu) as more noble and pure aluminum (Al)
as less noble material than 1RK91 was used with a
contact area with electrolyte of 210 mm?. Friction tests
using PTFE were performed as reference without gal-
vanic coupling due to electric insulation of the material.
Surface profiles (Fig. S1 in Electronic Supplementary
Material (ESM)), topographies (Fig.S2 in ESM),
characteristics (Table S1 in ESM) and chemical com-
position (Table S2 in ESM) of the used samples are
included in the supporting information. As electrolytes
aqueous solution (deionized water) of 1 molar sodium
chloride (NaCl) and 1 wt% (1% by weight) of the
imidazolium-based ionic liquid [C,mim][Cl] (Co. Iolitec,
Fig. 53, Table S3) were used. After each friction test
the ball and disk were analyzed using color 3D Laser
Microscope (VK-9700K, Co. Keyence) to evaluate and
quantify wear. Raman microscopy spectra of the wear
track to analyze oxidation products were measured
using an InVia Renishaw Ramanscope system. The
measurements were carried out in air using a He-Ne
laser with a wavelength of 532 nm. All spectra were
taken three times using a 50x microscope objective,
an integration time of 40 s at a laser intensity of 50%.
The spectral window was between 100 and 1,600 cm™.
In addition, scanning electron microscopy (Hitachi
S3400N, Type II) and XPS-analysis (X-ray photoelectron
spectroscopy, Leybold MAX 100; argon ion sputtering
with sputter rate: 2.5 nm/min; 1 kV; 500 nA; diameter
test point ~ 200 um) was used to analyze the wear
pattern and the chemical composition of the tribolayer
on the 1RK91 material.

3 Results and discussion
3.1 Induced galvanic potential

Self-corrosion potentials of Al (-806 mV vs. Ag/AgCl)
is about 600 mV more negative that of Cu (210 mV
vs. Ag/AgCl) as shown in Fig.2(a). By coupling
1RK91/copper (Cu) and 1RK91/aluminum (Al) nearly
the same open circuit potential on the stainless
steel is formed as for pure Al and Cu (Fig. 2(a)). In
a galvanic cell, the base metal is the anode and the
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Fig.2 Electrochemical investigations: (a) Self-corrosion potentials
of Al and Cu (filled symbols) and open circuit potential using
different material combinations in 1 mol NaCl solution were steel
1RK91 was set as working electrode (unfilled symbols). Induced
galvanic potential during tribological test using 1 molar NaCl (b)
and 1% [C,mim][Cl] (c) aqueous solution during tribological test
(copper and aluminum contacted as working electrode).

more noble the cathode. This polarization results in an
accelerated corrosion of the anode. Due to material
combinations different galvanic potentials form: In
the material combination 1RK91/Copper (Cu) the
stainless steel acts as the anode, whereas in contact
with Aluminum (Al) it is set to the cathode. Without

http://friction.tsinghuajournals.com | www.Springer.com/journal/40544 | Friction



234

Friction 6(2): 230-242 (2018)

galvanic coupling an electric potential of -470 mV vs.
Ag/AgCl develops and according to the coupling
material 1IRK91 shows a cathodic (Al) and anodic (Cu)
polarization. Figure 2(b) illustrates the development
of the potential during the friction test using 1 molar
NaCl as electrolyte. In contrast to measurement shown
in Fig. 2(a) the electric potential was measured using
the coupling material (Al, Cu) as working electrode.
The arising potential is quite stable during the whole
test with a value of -250 mV for 1RK91/Cu and
-750 mV vs. Ag/AgCl for 1IRK91/Al and shows nearly
the same value as shown in Fig. 2(a). Nearly the same
values are measured using 1% [C;mim][Cl] (1RK91/Cu:
—200 mV and 1RK91/Al: =715 mV vs. Ag/AgCl], Fig. 2(c)).
The absolute difference in the arising anodic and
cathodic potential, due to varied material combination,
is about +300 mV for both electrolytes.

3.2 Friction tests

The results of the friction tests are illustrated in
Fig. 3. The tribotests were reproduced three times and
showed a good reproducibility. The highest coefficient
of friction (COF) was measured at cathodic polarization
(1RK91/Al), whereas at nonpolarized state (IRK91/PTFE)
the lowest COF was found for both electrolytes. In
contrast to cathodic polarization there is a running-in
behavior observable at anodic and nonpolarized
condition within in the first 20 min. The COF from
the friction diagrams (Fig. 3(a),(b)) were integrated
to calculate the friction work (Fig. 3(c), Table S4 in
ESM). There is nearly no difference between the two
electrolytes, but the material combination strongly
influences the friction work. The combination 1RK91/
Al leads to the highest friction work, but there is also a
slightly increase, when the combination 1RK91/Cu was
tested. Consequently, compared to the non-polarized
system at (1RK91/PTFE), cathodic polarization
(IRK91/Al) resulted in a 45% increase of friction
with NaCl and 36% with the ionic liquid. Anodic
polarization (1RK91/Cu) led to an increase of 15%
and respectively 2%.

3.3 Wear analysis

Figure 4 illustrates the wear volume of the 1RK91
disk and the SiC ball after friction test.
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Fig.3 Mean value of the coefficient of friction using different
material combinations with 1 molar NaCl (a) and 1% [C,mim][Cl]
(b) as electrolyte. (c) Overview of the mean value of the friction
work using different material combinations with 1 molar NaCl
and 1% [C,mim][C]] as electrolyte.

Obviously, the polarization of the disk has a strong
impact on the wear volume: At cathodic potential,
when tribocorrosion processes are suppressed, the
total wear volume of ball and disk is decreased by
86% in 1 molar NaCl and 74% in 1% [C,mim][Cl], in
relation to the non-polarized system. In contrast,
under anodic potential with accelerated corrosion
conditions, severe wear occurs, at which the wear
volume is increased by 69% in NaCl electrolyte and
23% in [C;mim][Cl] solution compared to 1RK91/PTFE.
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In addition, the wear volume is also strongly affected
by the electrolyte. Using 1% [C,mim][Cl] the wear
volume was clearly reduced for the material com-
binations 1RK91/PTFE (48%) and 1RK91/Cu (62%),
whereas no further decrease of wear volume was
observed at cathodic polarization. The wear volume
of ball and disk is nearly equal without polarization.
In contrast, wear volume ratio of ball and disk de-
creases at cathodic polarization (~0.4) and increases
at anodic potential using 1% IL (Fig. 4(c)). The values
of the wear volume are listed in Table S5 in ESM
and the images of wear track are illustrated in Fig. S4
in ESM (ball) and Fig. S5 in ESM (disk). Due to solid
material contact during friction test wear grooves
in sliding direction arise and therefore roughness
increases for all combinations (Fig. S6) in ESM. Hence
the friction and wear properties do not depend on a
surface smoothing effect.
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Fig. 4 Wear volumes of ball and disk after friction test with
three different galvanic coupling elements (copper, aluminium and
Polytetrafluoroethylene) in contact with steel 1RK91 disk using
two different electrolytesafter tribotest (10 N, 20 Hz, RT, 1 mm,
1 h): (a) 1 molar NaCl solution; (b) 1% [C,mim][Cl]; (c) Ratio of
wear volume of ball and disk.

Within the dynamic corrosion model published
by Iwabuchi et al. [58, 59] the wear volume W is
composed of the mechanical wear M,, static corrosion
volume Cj and the synergistic factor AW, where Wj is
called the dynamic corrosion factor:

W =M, +C, +AW =M, + W, )

Due to sliding friction protective surface layer on
the stainless steel gets destroyed and accelerated
corrosion and wear mechanisms of fresh metal surface
occur. Based on this model and the assumption that
corrosive processes are completely suppressed it is
possible to quantify the corrosive attack during these
friction tests. Wear at friction tests without polarization
(1RK91/PTFE) is composed according to Eq. (1) whereas
wear after test at cathodic polarization (1RK91/Al)
can be regarded as the pure mechanical wear. The
dynamic corrosion factor generates from the difference
in wear between these two testing conditions. As
shown in Fig. 5(a) mechanical wear (M,) is the same
using both solutions but the proportion of mechanical
wear to the dynamic corrosion factor (Mg W) is
much lower using 1% IL (1:5) than 1 mol NaCl (1:13).
This means that the dynamic corrosion can be strongly
reduced using ionic liquid in contrast to sodium
chloride. Regarding the amount of cathodic and anodic
polarization based on the OCP of 1RK91 a correlation
with total wear volume can be found (Fig. 5(b)).

In addition, wear analysis of the 1RK91 disks using
scanning electron microscope were performed after
tribotest (Fig. 6). The metallic surface and horizontal
wear tracks in sliding direction are clearly visible after
friction test at anodic polarization and no corrosion
products are detectable. At nonpolarized condition
there is little change on the surface visible after friction
test and at cathodic polarization the worn surface
appears quite different. It can be assumed that these
changes are caused by tribochemical reactions.

3.4 Investigation of tribolayer

The worn surface was furthermore analyzed using
Raman-spectroscopy to identify tribochemical reaction
products. Oxides were identified based on literature
data of different steel materials [60-63]. Steel 1IRK91
shows Raman signals for Cr-O (800 cm™), FeOOH
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Fig. 6 Wear analysis of the 1RK91 disks using scanning-electron-microscope after tribotest (10 N, 20 Hz, RT, 1 mm, 1 h) at different

polarizations.

(645 cm™) and Cr,O; (540 cm™) in its unworn state.
As listed in Table 1 and in accordance with the SEM
images (Fig. 6) no further oxidation products were
detected on the worn surface at anodic polarization.
In contrast, without polarization more oxidation pro-
ducts are found on the wear track whereat cathodic
polarization results in the strongest tribochemical
changes as additional Fe,O; is detected. The Raman
spectra are given in Fig. 57 in ESM.

Using XPS-analysis the findings from Raman-
spectroscopy were verified and, in addition, the
thickness and chemical composition of the tribolayer
was investigated. Therefore the atomic concentration
of different elements and molecules were measured
in relation to the sputter depth using 1% [C,mim][Cl]
(Fig. 7). 1RKO91 exhibits an oxide layer of =150 nm.
After friction test at cathodic polarization (1RK91/Al)

a tribolayer of 800 nm was found consisting of carbon
compounds (=25 nm), chromium oxide (=500 nm), and
iron oxide (=800 nm). At oppositional conditions with
material combination 1RK91/Cu the anodic potential
leads to a formation of a #350 nm thick tribolayer on
the wear scar assembled of carbon compounds within
the first 100 nm and chromium oxide till 350 nm
without detection of iron oxide. Especially the content
of chromium oxide and iron oxide strongly differs
between anodic and cathodic conditions. Nearly the
same thickness (=350 nm) and chemical composition
of the tribo-layer is detected without using an induced
electrochemical potential (1RK91/PTFE). The only
difference to anodic polarization is the higher amount
of iron oxide in the tribo-layer at nonpolarized con-
dition (Fig. 7(e)). Therefore it can be concluded, that
in the case of cathodic polarization by aluminum, a
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Table 1 Raman signals (cm™') measured in the wear track of the IRK91 disks after tribotest.
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of tribo-layer thickness on 1RK91 after tribo-test; (¢) C1s.C/CHx; (d) Ols; (e) Feyp; oxide; (f) Cryp; oxide; (g) result of high resolution
analysis of the first 2 nm.
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stronger stabilization of the oxide layer predominates,
whereby the formed oxide, which does not oxidize
back, protects the surface more strongly from wear. Due
to the way of galvanic coupling different tribochemical
reactions occur during friction test on the anode and
cathode. Combination of steel and copper causes an
anodic polarization of the steel which is accompanied
by high wear due to accelerated corrosion reactions.
The generated oxides are permanently removed by
friction so that no wear products were found on the
wear track. The same tribochemical reactions arise in
the nonpolarized state when coupling steel with PTFE
with the difference that the corrosion isn’t externally
accelerated by an electrochemical potential. In this case
only a small amount of oxidation products was found
in the wear track (complete depth profiles including all
elements are illustrated in Figs. S8 and S9 in ESM).

Additional XPS-measurements at high resolution
constrain that both the cation and anion participated
in the tribo-chemical thin film formation within the
first 2 nm (Fig. 7(g)). The same result was found for
the 1 mol NaCl solution as Na and Cl was detected
on the tribolayer.

In contrast, if 1RK91 is galvanically coupled with
aluminum the steel surface should be electrochemically
protected against corrosion. Surface analyses reveal
that tribochemical reactions also occur on the wear
track forming oxide layers, though the reaction kinetics
are strongly retarded and therefore the wear volume
is quite low. But it must be noticed that the corrosion
resistance of the galvanically contacted lower aluminum
disc is greatly reduced by aqueous salts, particularly
in contact with dissimilar metals. This leads to pitting
corrosion of the aluminum. The galvanically induced
cathodic polarization of the steel surface results in
electrochemical corrosion protection and the formation
of a mechanically stable tribolayer.

4 Conclusions

The global challenge concerning friction and wear
consists in the development of eco-friendly, sustainable
and energy efficient lubricants. The problems by
evolving such tribological systems, especially water-
based lubricants, are complex tribochemical reactions
resulting in corrosion and accelerated wear. Moreover,

pure water is inapplicable for tribological systems due
to its low viscosity and high corrosivity. Application
of external electrochemical potentials can be utilized
to influence the corrosion behavior, tribochemical
reactions, and adsorption of ions on the surface. The
aim of this investigation was to explore and evaluate
the electrochemical effects of metallic material com-
binations on tribocorrosive wear using galvanically
induced potentials. Therefore we used a stainless
steel material in metallic coupling with Cu and Al to
induce different electrochemical potentials, which we
tested in an oscillating friction mode in two different
electrolytes. Galvanically induced cathodic potentials
in tribological tests have proven to be a valuable
method to significantly reduce wear in combination
with water-based lubricants compared to the non-
polarized system. In conclusion, it was observed that
the cathodic potential, which arises in an adapted
galvanic cell, can be utilized to considerably reduce
wear using 1 molar NaCl (86%) and 1% [C,mim][Cl]
(74%) electrolyte compared to the non-polarized system.
In contrast, the galvanic coupling of stainless steel
1RK91 with the more noble copper results in an
anodic polarization of the stainless steel leading to
clearly enhanced wear. In addition, the electrolyte also
affects the wear volume and the impact of galvanic
potential: while NaCl solution leads to higher wear,
at which mainly tribocorrosive mechanisms are
relevant, the addition of an ionic liquid leads to
potential-driven chemisorption effects that further
reduce wear. It was found that mainly corrosive wear
and not mechanical wear mechanisms are relevant in
this tribological system. Therefore this technique is
very promising to improve the tribological behavior
of water-lubricated systems for technical applications.
It is also noticeable that the galvanic potential is
stable over the whole test duration. In contrast, friction
work is increased for both polarizations compared
to the non-polarized system, but isn't affected by
the type of electrolyte. It is assumed that at negative
potentials cations arrange into ion/ion pair layers
with a high packaging density along the interface.
XPS-measurements reveal that at cathodic polarization
a thick tribolayer is formed and that both the cation
and anion participated in the tribo-chemical thin film
formation within the first 2 nm.
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