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Adjusting the friction response of the wheel-rail interface is a key factor in the mitigation of wear and rolling-

contact fatigue (RCF) in rails. The use of top-of-rail (TOR) friction conditioners has the potential to reduce 

maintenance costs significantly. Unfortunately, conflicting results on the use of commercial TOR conditioners 

have been presented in the literature. In this work, the performance of commercial TOR conditioners and a 

laboratory-made formulation were tested, both on the lab scale and in field measurements. Friction results are 

discussed together with the structural and chemical analysis of the tested materials. 
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1. Introduction 

The current trend towards increasingly demanding 

conditions in rail transport motivates the search and 

implementation of novel practices aimed at minimizing 

the impact of maintenance costs. Friction management is 

crucial in this context, as the service life of wheel and 

rails is intimately related to the tribological phenomena 

at their contacting interface.  In recent years, there has 

been a growing interest in the use of TOR conditioners, 

which adjust friction to moderate values, so as to prevent 

severe damage and reduce energy losses, while not 

compromising traction. Despite the availability of several 

commercial products, conflicting results have been 

reported in the scientific literature. In this work, we 

present an experimental investigation on the effect of 

commercial rail conditioners and of laboratory-made 

formulations, on friction response, wear and RCF.   The 

tribological results are discussed together with the 

chemical analysis of the worn areas, as well as the 

structural analysis of the near-surface regions. 

2. Methods 

A mini-traction machine (MTM) and a dual-disk 

apparatus (DDA) were used for testing the tribological 

behavior of steel counterparts.  Field measurements with 

an actual locomotive were also carried out.  

Tribologically induced structural changes beneath the 

surface of the worn counterparts were investigated by 

using metallographic methods and electron microscopy, 

while the composition of the third body was 

characterized by X-ray photoelectron spectroscopy 

(XPS) and micro-Raman spectroscopy. 

3. Results and discussion 

In Figure 1, the friction trace obtained with a pair of 

unlubricated steel disks is compared with that of steel 

pairs treated with a commercial, water-based TOR 

conditioner.  

 

 
Figure 1: COF traces from DDA tests carried out on 

ER7/R260 steel parts. (a) non-lubricated; (b) TOR 

conditioner applied and dried before test (c) TOR 

conditioner continuously supplied during the test. 

 

In the case depicted in Figure 1.b the disks were coated 

with the TOR conditioner before starting the tribotest. 

The treatment resulted in a coefficient of friction (COF) 

of ca. 0.35, which is consistent with the purpose of the 

product.  Comparable results were obtained in MTM 

experiments. In this case, the chemical analysis of the 

wear track by micro-Raman spectroscopy revealed that 

the tribolayer consisted of an intimate mixture of iron 

oxide and organic matter (Figure 2). Other compounds 

(such as MoS2 and MoO3) were also detected by XPS. 

 

 
Figure 2: Optical micrograph and micro-Raman 

chemical maps of a wear track generated after an MTM 

test. The TOR conditioner was applied and dried before 

the test. 

 

If the product is applied continuously during the tribotest 

(Figure 1.c), a COF value of ca. 0.1 was measured. 

Friction was even lower when applying a commercial oil-

based (non-drying) product. Low COF values must be 

avoided since they impair the normal braking and 

acceleration of the train. This was indeed observed in 

field measurements carried out with a locomotive 

equipped with on-board spray-based application devices, 

when using oil-based TOR conditioners. These results 

highlight the relevance of the application method in 

determining the performance of a TOR conditioner. 
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