Effect of normal load and sliding speed on dry sliding wear and friction properties of germanium doped borosilicate glass ceramic
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1. Introduction
A polycrystalline material termed as glass ceramic largely possesses superior abrasive resistance, thermal stability and chemical resistance that makes them suitable for different industrial applications in the fields of metallurgical, mechanical, chemical and electrical engineering [1]. The properties and functions of glass ceramics are largely affected by the intricate interactions of structural, chemical composition of initial glass and process variables [2].  Hence, in order to obtain the glass ceramics with desired thermo-physical properties, the optimization of compositions, nucleating agents and heat treatments is essential [3]. Herman et al. [4] precipitated gahnite phase in CaO-MgO-ZnO-Al2O3-B2O3-SiO2 system of glass ceramics. They observed a relative increase in fracture toughness and wear resistance compared to the two phase materials. Xiao et al. [5] studied the mechanical and tribological properties in CaO–MgO–Al2O3–SiO2 glass ceramic system. They found that the specific wear rate (SWR) of the material lies in the range of 10-3 to 10-6 mm3/N.m. The SWR increased from room temperature to 500 0C, after which it decreased from 500 0C to 800 0C. Various compositions of glass ceramics containining crystalline lead germanate systems are suitable for applications in optical, optoelectronics, laser and fibre-optical engineering due to their improved physical and chemical properties [6]. 
In this study, five different glass ceramic samples in the system 55[(PbxCa1-x)O.TiO2]-44[2SiO2.B2O3]-1Ge with (0 ≤ x ≤ 0.7 mole%) were synthesized by melt quenching technique followed by heat treatment. The samples were prepared according to ASTM standard for tribological experiments that are to be performed on a pin-on-disc tribometer. The wear and friction studies of the samples were carried out at three different applied loads (10 N, 20 N and 30 N) and sliding speeds (500, 700 and 900 rpm) under dry condition. 
2. Results and discussions
It has been observed that the glass ceramic sample with x = 0.5 mole%  shows minimum SWR and coefficient of friction (COF) under all conditions. This is because the lead oxide acts as a network former with the formation of PbO4 structural units that makes the sample with x = 0.5 mole% hardest amongst the other samples. The SWR of all the samples were found to increase with an increase in applied load as shown in Fig.1. The increase in wear rate is due to large plastic deformation at high loads that gives rise to the formation of greater wear debris. Moreover, at high loads, there occurs a detachment of surface asperities which results in increased worn surface material [7]. The SWR decreases with an increase in sliding speed as can be seen from Fig. 1. This is because, during the testing period, there appears some black fine powder between the rubbing surfaces that indicates the formation of an oxide film and the wear mechanism changes from adhesive wear to reduced abrasive wear [8]. The COF of all the samples decrease with an increase in both the applied load and sliding speed as shown in Fig. 2.  The glass ceramic samples initially exhibit high coefficient of friction as the detached wear debris entrapped between the two matting materials act as a third body giving rise to abrasive wear. With an increase in load, large frictional heat is generated that compacts the loose wear debris into a layer. The protective layer inhibits the contact between the two surfaces and reduces the friction coefficient [7]. On the other hand, COF decreases with an increase in sliding speed which is due to the formation of protective oxide layer [9].
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Figure 1: SWR Vs sliding speed at different applied loads of 10, 20 and 30 N
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Figure 2: COF Vs sliding speed at different applied loads of 10, 20 and 30 N
3. Conclusions
The tribological investigation on glass ceramic samples in the system 55[(PbxCa1- x)O.TiO2]−44[2SiO2. B2O3]−1Ge with (0 ≤ x ≤ 0.7 mol%) reveals that they have good wear resistant properties. The SWR of the samples vary in the range of 3×10-4 mm3/N.m to 5.5×10-4 mm3/N.m and the COF vary in the range of 0.09 to 0.42. Hence, they can be used in microelectromechanical systems (MEMS) e.g., in making accelerometers and gyroscopes.
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