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I. ABSTRACT

Tribocorrosion of the 08CH18N10T austenitic stainless steel in a potassium sulphate

solution was investigated with the help of pin-on-disk tribometer and polarisation

curves method. The results indicate the occurrence of synergetic interactions

between electrochemical and mechanical conditions: the damaging of the passive

film by friction was pointed out, leading to an increase in the dissolution rate of the

metal and simultaneously, the occurrence of electrochemical reactions (gas

evolution, dissolution, passivation) was found to modify the tribological conditions

(friction coefficient).

II. INTRODUCTION
Tribocorrosion is the process leading to degradation of metallic surfaces by

simultaneous action of friction and corrosion. It can be observed in many industrial

sectors, for example in mining, extraction, paper and nuclear industries.

Tribocorrosion is a complicated process involving interactions between mechanical

and electrochemical phenomena and a possible synergetic effect between them.

One of these processes, which affect stainless steels and other metals

protected against corrosion by a passive film, is the partial destruction of the passive

film by friction. If friction speed is sufficiently high, repassivation of damaged surface

cannot occur, so an active-passive corrosion cell is formed which further increases

in material degradation [1, 2]. The 08CH18N10T stainless steel has been used in the

nuclear power plant W E R 440 EDU Dukovany for 10 years in the primary circuit.

In this circuit, a critical tribocorrosion effect is to be feared, owing to the occurrence

of vibrations, and therefore friction, between steam generator (SG) tubes and both
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the hole walls of SG collector and the support plates. There is practically no available

information on the behaviour of this steel in tribocorrosion conditions.

In the present study, the sensitivity of the stainless steel to tribocorrosion was

tested. A pin-on-disk type apparatus modified to carry out experiments in corrosive

environment was used for tribocorrosion tests, and the electrochemical method

of polarisation curves, was implemented [3, 4] to study the part played by corrosion

and passivation in tribocorrosion of the steel. By this method, the influence of friction

on the electrochemical reactivity of the surface of the metals can be investigated, and

a possible increase in the corrosive dissolution of the metal can be quantified [5, 6].

III. EXPERIMENTAL EQUIPMENT

A pin-on-disk type tribometer, designed to work in corrosive environments, was used

for tribocorrosion tests. This tribometer is a modified hydraulic-mechanic testing

machine. A special rotating head carrying an insulated friction pin holder replaced the

upper conventional jaw, and the lower jaw was replaced by the sample (disk) holder

and the electrochemical cell.

The tribometer enables to apply a normal force (Fn) up to 20 kN, and a rotation

speed of the friction head (co) varying from 1 to 500 rpm. The friction track is circular

with a diameter of 16 mm. In this work, the friction pin (ball with a diameter

d = 10 mm) is made of sintered alumina. This material has several advantages: it is

electrochemically inert in many corrosive environments; so as it is not corroded and

moreover it does not form a galvanic cell with the tested sample. In addition,

its hardness is high enough, so as deformation and wear of the pin can be neglected

during the tests.

Applied normal and generated tangential (Ft) forces were measured

continually with help of sensors and are converted by signal amplifiers. The signal is

then further processed by computer, which calculates the friction coefficient (u).

Applied electrochemical potential (E) and current (I) are recorded continuously

and processed simultaneously with aid of data processing card [7].
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Figure 1: a) Scheme of tribocorrosimeter. b) Detail of tribocorrosimeter:
I- Pin holder, 2- Pin, 3- Solution, 4- Counter-electrode, 5- Specimen:
Working electrode, 6- Tangential force sensor, 7- Specimen holder,
8- Testing cell, 9- Reference electrode, 10- Insulated rotating head,
II- Normal force sensor.

IV. EXPERIMENTAL MATERIAL AND CONDITIONS
Cylindrical samples (d = 25 mm) were prepared from 08CH18N10T steel supplied by

Vitkovice a.s. The chemical composition of the steel is given in Table 1:

Table 1: Chemical composition of 08CH18N10T steel.

c
0,073

Mn
1,42

Si
0,48

Ni
10,90

Cr
19,10

P
0,010

s
0,0125

Ti
0,66
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The main mechanical properties of this steel are the following:

Re = 258 MPa; Rm = 546 MPa; A5 = 65 % and Z = 77 %.

Electrochemical measurements are not possible in pure water because of low

conductivity. A solution of potassium sulphate (0.4M) was used as a testing

environment. It was prepared from distilled H2O and pure K2SO4. All tests were

carried out at room temperature (25°C). In this medium, corrosion and passivation of

the steel can occur, depending on potential and friction conditions. The K2SO4

solution should not be considered as a much more corrosive medium than water in

the SG, especially because of the difference in the temperature between the test and

SG conditions.

Potentiokinetic polarisation curves were recorded at a constant potential scan

rate of 1,67 mV s'1. The initial potential was -1800 mV/SSE (SSE:

mercury/mercurous sulphate saturated reference electrode), and the potential was

increased up to the value of +2100 mV/SSE (direct scan). Then the scan was

reversed, and the potential was decreased down to -1800 mV/SSE (reverse scan).

V. RESULTS AND DISCUSSION

To separate the influence of corrosion and friction, the electrochemical tests with and

without application of friction were carried out under similar electrochemical

conditions. In addition, electrochemical tests with only rotation of friction pin end were

carried out to study the effect of electrolyte convection. The results of the tests with

and without friction are shown on Fig. 2. The solid line represents the part of the

polarisation curve I(E) in the passivity region. Due to the friction, an increase in

electrochemical activity of the material occurred which is indicated by the increase in

the current. For instance, by applying an electrochemical potential of E= -50 mV/SSE

the current (I) increased from its initial value of 0,05 mA to 0,75 mA, which is about

15 times more. The increase of activity means the increases of corrosion wear. This

phenomenon is generally valid in the whole region of applied electrochemical

potentials and can be explained by the surface layers damage. Between -500 and

+500 mV/SSE, the passive film is locally destroyed on the friction track, and the

increase in the current is the result of this local damage.
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Fig. 3 shows the dependence of the friction coefficient (u) and the current (I)

on the polarisation potential (E). The dependence can be divided into following parts:

- from -1800 to-1200 mV/SSE, an increase in the friction coefficient is

connected with the decrease in the rate of hydrogen evolution (hydrogen

adsorption stops above -1100 mV/SSE).

- from -1200 to -600 mV/SSE, after a maximum is reached, the value of the

friction coefficient decreases. This decrease appears as a passive film

starts to form on the surface, protecting the steel from corrosion.

- from -600 to 900 mV/SSE, the slow increase in the friction coefficient can

be related to an increase in the repassivation rate and passive fil thickness.

- from 900 to 2100 mV/SSE, the falling tendency of the friction coefficient

could be the result of either steel trans-passive dissolution and forming of

corrosion products, which serve as lubricant between the pin and the steel,

or oxygen evolution, which would have the same effect as hydrogen

evolution at the lowest potentials.

As a conclusion, these tribocorrosion tests clearly show synergy between the

effects of corrosion and friction. Friction increases the rate of metal dissolution by

damaging the passive film, and the electrochemical reactions (gas evolution,

dissolution, passivation) have an influence on the friction conditions, characterised by

the friction coefficient u.

In order to draw conclusions concerning the evolution of a component of a

metallic structure, subjected to tribocorrosion, it is also interesting to identify the

nature and structure of the different damages brought by tribocorrosion to the

surface. A particular kind of damage is visible on figures 4 and 5, which show friction

traces. On Fig. 5, a part of the trace is shown at higher magnification. On its upper

part, several spots are perceptible (one of them is marked by an arrow), which are

probably due to damage under cyclic loading and are nuclei of future cracks.

In corrosive environment, this kind of damaging could be accelerated.
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Figure 2: Influence of the friction on the electrochemical activity. Curves I(E) with
(Fn = 40 N; co = 40 rpm) and without applied friction (Fn = 0 N; co = 0 rpm).
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Figure 3: Dependence of the current and the coefficient of friction on the potential
of polarisation. Condition: Fn = 40 N; u) = 40 rpm.

-370-



y -

•I- £

* i " . , * ' V*'

*- * **"

•

' ^ ; ,
t J

V'-'

Figure 4: Part of the friction trace under conditions of Fn= 20 N; 00 = 20 rpm.
After the potentiokinetic polarisation.

Figure 5: Internal side of the friction trace under conditions of Fn = 40 N; co = 40 rpm.
After the potentiokinetic polarisation.
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VI. CONCLUSION

The present work pointed out the relationships between different electrochemical and

mechanical parameters (I, E, p.), characteristic of the tribocorrosion process.

A synergetic effect of electrochemical and tribological conditions was found:

the influence of the electrochemical reactions, and reaction products on the friction

coefficient was clearly shown, as well as a strong effect of the damaging of the

passive film by friction, with the result of an increased electrochemical activity. It was

shown above that the friction coefficient can be influenced by appropriate polarisation

with the consequence of a lower mechanical wear of the material.
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