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Abstract 

With a proper sintering procedure and a mixture of several % wt CuO in zirconia ceramic powder will result in 

a composite material that consist of polycrystalline zirconia and copper rich grains [1]. When sliding against 

alumina at 1 GPa maximum Hertzian pressure and 0.1 ms-1 sliding velocity, this composite material showed 

self-lubricating mechanism with a low coefficient of friction, i.e. 0.2-0.25 for more than 3 km of sliding (see 

figure 1), which is much lower than the coefficient of friction of pure zirconia sliding against alumina, i.e. 0.65-

0.7, tested at the same conditions [2]. The self lubricating mechanism is provided by the copper rich grains 

that are squeezed out and further smeared along the wear track forming a patchy soft interfacial layer (see 

figure 1) [2].  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 SEM pictures of the genesis of the wear track of a zirconia disc doped with 1 % wt CuO sliding 

against an alumina ball at 5 N normal load and 0.1m/s sliding velocity. (a) SEM picture of bulk material 

before the test (b) after 500 m of sliding (f » 0.2) (c) after 4 km of sliding (f » 0.45) and (d) after 7 km of 

sliding (f » 0.8). 
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Surface profile measurement across the wear track where low friction was observed shows that the 

wear track is relatively smooth and the layer thickness was estimated to be 100 to 200 nm. In addition, the 

alumina counter body is significantly rougher than the layer formed [3]. Since the tribosystem of zirconia 

doped with CuO sliding against alumina is in fact a hard body sliding against a flat layered body, the 

developed deterministic contact and friction model [4 & 5] can be utilized to calculate the coefficient of friction 

for this system (see table 1 for the mechanical properties of the materials). The deterministic friction model 

[5] shows a rather well prediction of the coefficient of friction of alumina sliding against zirconia doped with 

CuO for the observed layer thickness (100 to 200 nm) and coverage factor (g » 80 % at the low friction 

regime, f = 0.2, and 40-60% at the transition regime, f = 0.45 (see figure 1)).  
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Figure 2 The coefficient of friction as a function of the layer thickness for different values of coverage factor 

(g) for the case of zirconia covered with a copper rich layer sliding against alumina. 

 

Table 1 The measured elasticity modulus and hardness of alumina, copper rich layer, and bulk zirconia 

doped with CuO 

Material Elasticity Modulus (GPa) Hardness (GPa) 

Alumina 390 22 

Copper rich layer 130 5.9 

Bulk zirconia doped with CuO 210 14 

 

References 

[1] S. Ran, A.J.A. Winnubst, K.W. Wiratha and D.H.A. Blank, “Synthesis, Sintering and Micro-structure of 

3Y-TZP / CuO nano-powder composites”, J. Eur. Ceram. Soc., accepted for publication, 2005. 

[2] H.R. Pasaribu, J.W. Sloetjes and D.J. Schipper, ”Friction reduction by adding copper oxide into alumina 

and zirconia ceramics,” WEAR 255 (2003) 699-707. 

[3] H.R. Pasaribu, ”Friction and wear of zirconia and alumina ceramics doped with CuO”, PhD Thesis, 

University of Twente, 2005. 

[4] H.R. Pasaribu and D.J. Schipper, ” Application of deterministic contact model to calculate the contact of 

rough surface against a flat layered surface,” ASME Journal of Tribology, Vol. 127(451-455), 2005. 

[5] H.R. Pasaribu and D.J. Schipper, ”Deterministic friction model of a rough surface sliding against a flat 

layered surface”, Tribology Letters Vol. 17 (2004) 967-976. 


