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ABSTRACT – The influence of temperature and counter 

body material on the tribological properties of a-C:H 

coatings deposited on Cronidur 30 steel have been 

investigated in a lubricated ball on disk contact situation. 

The results show, that the wear volumes of the system 

increase exponentially with increasing temperature. Two 

different wear mechanisms seem to have a major 

influence: First, the abrasive action due to material 

hardness (Alumina) causes more wear volume and 

second, the tribo-oxidation when silicon nitride is counter 

material which is acting as a solid lubricant. Due to 

increasing temperature, two different wear regimes have 

been identified. At low temperatures desorption of 

surface species on the a-C:H coating seem to lead to 

higher friction, whereas at higher temperatures graphite 

formation governs friction and wear. The formation of 

silica particles has a distinctive but marginal effect on 

wear. 

1. INTRODUCTION 

Diamond like carbon coatings (DLC) combine a 

variety of very attractive properties like high hardness, 

chemical inertness and low adhesion to most counterpart 

materials. They show therefore a good to excellent 

tribological behavior depending on the loading 

conditions [1]. The properties of the coatings are also 

largely dependent on composition as well as the 

deposition method and conditions [2]. Among all 

operating conditions the temperature regime is one of the 

most influential one because with temperature 

thermochemical and thermodynamic aspects of stability 

come into play. Several papers dealing with influence of 

the ambient temperature on the tribological performance 

of amorphous hydrogen containing carbon (a-C:H) 

coatings have been published [1]. They show that the 

ambient temperature is crucial for the stability of the 

coating when tribologically loaded. Results on oil 

lubricated sliding experiments on DLC coatings are 

much more scarcely published than on those tests 

performed under unlubricated, dry conditions. Since the 

manufactured quality of DLC coatings on various 

substrates especially on steel has reached a relatively 

high level of reliability these coatings are already applied 

or are considered as candidates for heavy duty 

applications within the automotive engine environments 

[1]. It is this kind of application that require reliable data 

of the tribological behavior of materials in an 

environment at higher temperatures. Currently existing 

results of DLC in oil lubricated sliding mostly cover the 

temperature range up to about 80 – 120 °C, since this is 

the temperature range of steady state conditions for 

combustion engines and their related components. 

However, it can be estimated that under heavy load 

asperity contact situations can easily produce 200 °C due 

to flash temperatures. In an earlier paper, we have shown 

that the tribological performance of hard carbon coatings 

under unlubricated conditions is severely decreasing with 

increasing temperature [3]. In this paper, we present 

results on the influence of ambient temperature on the 

tribological performance of DLC but lubricated with a 

high temperature ester oil. 

 

2. METHODOLOGY 

OKS 352 is an ester oil with a maximum operating 

temperature of 250 °C (OKS Spezialschmierstoffe, 

Maisach, Germany). The counterbodies were aluminum 

oxide and silicon nitride. The DLC layer is an a-C:H layer 

(KYB Type A from KYB, Sagamihara, Japan) with a 

chromium intermediate bond layer of about 50 nm 

deposited on steel Cronidur 30 - (X 30 CrMoN 15 1, 

annealing temperature of about 480 °C). The tribological 

tests were carried out with SRV 3 tribometer (Optimol 

Instr., Munich, Germany) in a ball on disk configuration 

and a normal load of 20 N. The test parameters are 

compiled in Table 1. Three independent test series with 

each ball were carried out. 

 

Table 1 Test parameters. 

Parameter Symbol Value 

Stroke Δx 200 µm 

Frequency ν 20 Hz 

Normal Load FN 20 N 

Temperature T RT – 250 °C 

Number of cycles 103·n 50 – 200 

Lubrication  Turbine oil OKS352 

 

3. RESULTS AND DISCUSSION 

This study shows that also under lubricated 

conditions the wear resistance of a-C:H coatings is 

crucially dependent on the environmental temperature 

and also on the counterbody material. Figure 1 shows the 

friction coefficients (COF) as a function of the oil 

temperature. For both counter materials, the friction is 

increasing initially up to about 100 °C and then 

decreasing with further increasing temperature. The 

maximum is in both cases at about 120°C. 

Figure 2 shows that at room temperature the wear 

resistance of the a-C:H coating against α-alumina 

counterbody is about 2.5 times higher than against silicon 

nitride. With increasing temperatures, the ongoing 

softening of the DLC layer leads to a stronger increasing 



Wäsche et al., 2018 

254 

 

wear volume with α-alumina counterbody since its 

hardness remains high and tribo-oxidation is not existent. 

In the case of silicon nitride as counter material, the wear 

volume is initially higher due to the underlying tribo-

oxidation on silicon nitride counterbody. One possible 

oxidation reaction among others is the following: 

Si3N4 + 5 O2 à 3 SiO2 + 4 NO (1) 

 

 
Figure 1 Coefficient of friction as function of 

temperature for aluminum oxide and silicon nitride. 

 

 
Figure 2 Wear volume as function of temperature for 

silicon nitride and alumina under high temperature ester 

oil OKS 352.   

 

 

Figure 3 Logarithm of system wear rate versus 

reciprocal temperature. 

 

With increasing temperature, however, the wear 

volume increases, too, but not as sharply with 

temperature as in the case of α-alumina. This may be 

explained by, first, the lower hardness of silicon nitride 

(less abrasive) and second, by the increasing content of 

silica as a product of the tribo-oxidation process and its 

influence on wear as a wear modifying constituent of the 

lubricant [4].  

Figure 3 shows the natural logarithm of wear rates 

of the systems as a function of the reciprocal temperature 

for both counter materials. The graphs reveal two 

different temperature ranges in which the relationship of 

the logarithm of wear rate with the reciprocal temperature 

is linear. This means, that the wear of the coating is 

governed by two different Arrhenius like mechanisms 

with different calculated activation energies Ea for the 

wear process (AO for alumina, SN for silicon nitride). 

The graphs reveal also that the transition temperature for 

the different pre-dominant wear mechanisms is about 

120°C (shaded area). This is consistent with the findings 

in Figure 1, where at the same temperature the friction 

coefficient shows a change in character. 

The increasing friction coefficients with increasing 

temperature point at increasing attraction forces within 

the sliding interface which might be due to creation of 

unsaturated so-called dangling bonds. A probable 

mechanism for this could be seen in the increasing 

desorption of adsorbed species like water or even 

hydrogen from the a-C:H surface with increasing 

temperature. Above the transition temperature of 120°C 

wear resistance of a-C:H coating may decrease due to 

instability of the carbon network and the generation of 

graphite which leads to higher wear of the a-C:H coating 

[5]. The coefficients of friction however, are decreasing 

with increasing temperature. This might be caused by 

beneficial influence of the formed graphite.  

 

4.  CONCLUSION 

Coefficient of friction increases up to a transition 

area of 120 °C then decreases. Arrhenius type analysis of 

wear coefficients reveals two distinct areas of wear with 

different mechanisms. Influence of counter material due 

to tribo-oxidation of silicon nitride. 
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