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simultaneous actions of corrosive and mechanical factors. The 
necessity of developing predictive models (computer programs) 
is currently one of the main areas of the activity in the scope of 
studies on tribocorrosion [9-21].

The main problems associated with an effective mathemati-
cal description of the course of the tribocorrosion process are 
as follows:
– identification of areas of the actual contact of friction pair 

elements – these are areas where friction wear takes place 
and electrochemical processes are initiated,

– description of electrochemical processes (corrosive diges-
tion, passivation) in conditions of friction contact,

– proper reflection of the effect of synergy between friction 
and corrosion in the area of the actual contact.
This study is a part of a cycle of publications by the Authors 

concerning the properties of austempered ductile irons (ADI) in 
operating conditions [3-8]. In particular, this paper is a continu-
ation of the work [8], which presents the results of laboratory 
and experimental tests of ADI. The paper presents a method for 
predicting the process of tribocorrosive wear, which was verified 
on the basis of previously obtained test results.

2. The current state of knowledge in the area 
of prediction of tribocorrosive wear

Many researchers in various centres [12-21] attempted to 
develop a model describing the process of tribocorrosion. The 
purpose of these activities was to reflect the main relationships 
between the process conditions and the wear of materials. The 
most significant achievements in this area are briefly character-
ized below – along with the indication of the aspects important 
for a comprehensive mathematical description of the effects of 
the tribocorrosion process. 

T.A. Adler and R.P. Walters [12] have developed – for 
a ball-on-disc pair – a model that allows estimating the area of 
the surface deformed at a friction contact and the share of the area 
with removed layer of passive oxides. They obtained a solution 
that allowed describing the impact of the load on a friction pair 
on the process of mechanical wear (micro-cutting) and corrosive 
wear. These researchers also demonstrated a variation in the inten-
sity of tribocorrosive wear along the friction path and during the 
course of the test. This last conclusion may suggest that one of the 
most effective calculation methods may be the iterative method – 
predicting the wear for successive movement phases of the pair.

An interesting model of tribocorrosion for a pin-on-disc 
pair was proposed by H. Abd-El-Kader et al. [13,14]. They put 
a particular emphasis on the kinetics of rebuilding of passive 
layers on surfaces uncovered as a result of micro-cutting. The 
authors paid attention to the cyclic character of elementary 
interactions at the sliding contact: the structure of the passive 
layers and their removal as a result of friction. They also used 
a logarithmic model to describe the changes in the intensity of 
electrochemical processes in the areas uncovered as a result of 
contact interactions.

In turn, S. Mischler et al. [15, 16] formulated a model 
for predicting the corrosive wear in the friction conditions for 
a pin-on-disc pair at polarization with a passive potential. It is 
the first mathematical model of passivation kinetics in a friction 
area, which takes into account the size of the area. The solution 
was obtained by combining two different concepts of formation 
of a passive layer:
– surface coverage – lateral growth of the oxide layer with 

an „elementary“ thickness,
– layer growth – uniform growth of the layer thickness in 

the whole area, determined by the electric field (difference 
between the passivation potential and the potential of the 
wear surface).
The solution obtained enables effective prediction of the 

impact of pressure in the contact zone, speed of sliding, and the 
polarization potential on the tribocorrosion current and corrosion 
wear in friction conditions. However, the model does not allow 
calculating the mechanical component of the loss of the material. 
An important element of the S. Mischler‘s model, which provides 
a premise for a comprehensive approach, is the analysis of the 
interactions that cause the wear (friction, corrosion) in relation 
to individual protrusions in the roughness of the real surface of 
contact of the friction pair elements.

In the tribocorrosion models described above, it has been 
assumed that the mechanical separation of the material at the 
friction contact essentially takes place as a result of micro-
cutting. Almost every contact interaction in a sliding pair leads 
to immediate removal of the deformed volume of the material. 
Other mechanisms determining the wear are proposed in the 
following works:
– G.E. Lazarev [17] – low-cycle fatigue,
– G.P. Cherepanov [18], M. Stack et al. [19] – propagation 

of corrosion-fatigue crack.
According to G.E. Lazarev [17], the separation of the micro-

volume of the material deformed at the friction contact (crest of 
the roughness of the actual surface of contact) does not occur 
immediately (after each contact), but requires a certain number 
of interactions. In turn, in [18, 19], it has been assumed that the 
crack propagation results from corrosive fatigue. Separation of 
wear particles occurs when the gap reaches a length correspond-
ing to the dimension of the structural element of the material. 
The average size of wear particles was determined for the needs 
of computational analyses. G.P. Cherepanov assumed that the 
structural element of the material (also the wear particle) has the 
shape of a cube. However, the authors of the work [19] proposed 
a ball as a model of the wear particle. The mechanism of the wear 
of the sliding pair resulting from the propagation of the corrosion-
fatigue crack, which was described by G.P. Cherepanov, M. Stack 
et al., has not been identified experimentally yet.

In order to use most of the existing models, it is necessary 
to perform specialist experiments earlier to determine the data 
necessary for the calculations. These models are basically created 
on the basis of data obtained during experimental research. They 
primarily approximate the results of experiments. Currently, stud-
ies on models that allow predicting the effects of tribocorrosion 










