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The transition to sustainable, fossil free use of materials will make it necessary to avoid petroleum products in 

future lubricants. As competition for natural oils will be fierce, it may be necessary to look for other base fluid 

candidates that are more economically advantageous. Glycerol-water-mixtures is a potential base fluid. It is 

water soluble, non-toxic, made from renewable sources, and is fire resistant. Its lubricating properties are, 

however, less good in elastohydrodynamic lubrication due to its poor pressure-viscosity behaviour. In this 

investigation we have studied glycerol-water lubricants and their micro-pitting performance. In general, the 

resistance against micro-pitting and wear is not as good as for fully formulated mineral oils but it is shown that 

the glycerol-water lubricant can give good protection if conditions are sufficiently mild. 
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1. Introduction 

Lubricants, free from fossil-based raw materials, that do 

not cause any environmental problems when they are 

released into rivers or into the ground would be very 

attractive for many engineering applications. Glycerol-

water (GW) is a type of base fluid that can be used for the 

formulation of such lubricants. GW is a non-toxic, made 

from renewable sources, low cost, and fire-resistant base 

fluid. It has been shown that the lubricating effect of GW 

is very good as long as full film lubrication can be 

maintained [1,2]. The friction coefficient under 

rolling/sliding EHL conditions is extremely low, 

sometimes less than 0.01 [2,3]. This is partly because of 

the low pressure-viscosity coefficient, 𝛼𝛼, of GW. It is 

around 5 GPa-1 for GW while it is 15-25 for oils. The low 𝛼𝛼 does, however, make lubricant film thickness 

approximately 50% lower than for oils (with the same 

ambient viscosity) and the transition to full film 

lubrication requires higher speeds, smoother surfaces, 

and/or higher viscosities. Surface stresses are influenced 

by the poor film formation and this will change the 

rolling contact fatigue performance. In this investigation 

we have studied the micro-pitting behaviour of GW 

lubricants.  

2. Methods 

A micro-pitting test rig from PCS, MPR, has been 

utilized in the tests. The cylindrical sample is in contact 

with three rollers at the same time and the onset of 

micro-pitting is therefore accelerated by a factor 3 in 

comparison to a twin-disc machine.  

Two lubricants were used. A Castrol, fully formulated, 

semi-synthetic Transmax Z transmission oil and 

formulated GW lubricants of different viscosity grades.  

3. Results and discussion 

Figure 1 shows typical damages of the surfaces for oil 

and GW. Generally, the oil had better wear resistance and 

the damage was dominated by micro-pitting. The GW 

showed less good wear performance and wear ws the 

dominating damage type. This, however, prevented, 

micro-pitting to occur. The comparison between oil and 

GW was made in two ways. First by keeping the viscosity 

at the operating temperature constant and secondly by 

keeping the lambda ratio constant. GW showed, as 

expected, much better performance if the lambda ratio 

was the same as when oil was used as lubricant. At lower 

contact pressures, less than 1.5 GPa, GW performed 

sufficiently good but still not as well as a fully formulated 

oil.  

a) 

b) 

Figure 1: Typical damages for oil (a) and GW (b). 
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