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Hard coatings applied to surface of automotive engine components triggers unexpected interfacial phenomena 

with conventionally formulated oil. Understanding effects of additives on frictional property of hard coatings 

is crucial to optimize the formulation depending on surface materials. Approaching the subject with in-situ 

Raman is promising since the method enables to directly observe transition of chemical state during friction 

without any cleaning process and compare with the frictional behavior. In this study, process of tribofilm 

formation was investigated and correlated with frictional properties for chromium nitride and titanium nitride 

coatings lubricated with fully formulated oil. 
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1. Introduction 

With environmental issues being critical, improvement in 

efficiency of engines is expected in automotive industries. 

Since 11.5 % of total fuel energy is consumed by friction 

in engine parts, reducing friction is the key factor to meet 

the expectation [1]. Taking friction at boundary 

lubrication into account, hard coatings are recently 

applied on the surface of engine components. 

Hydrogenated amorphous carbon (a-C:H) is one of 

widely used hard coatings in the components for its 

superior tribological properties. However, a-C:H is 

known to show accelerated wear in combination with 

molybdenum dithio-carbamate (MoDTC) [2]. Hence, in 

some cases, a-C:H is difficult to apply to engine 

components where MoDTC based engine oils are used. 

On the other hand, previous studies revealed that 

MoDTC is effective on ceramic coatings as much as steel 

to reduce friction without any wear acceleration [3]. In 

this light, the potential of ceramic coatings is being re-

recognized. In order to achieve further reduction of 

frictional loss, understanding effects of tribochemical 

process on frictional behavior of ceramic coatings as well 

as finding the optimal ceramic coating for the lubrication 

with fully formulated oil is crucial. In this study, the 

tribochemical process of ceramic coatings during 

lubrication with fully formulated oil was investigated 

using in-situ Raman spectroscopy which allows to follow 

chemical change in tribofilm together with the friction 

behavior. Two types of ceramic coatings of chromium 

nitride (CrN) and titanium nitride (TiN) were weighed 

and evaluated. 

2. Methods 

In this study, we used a laboratory built in-situ Raman 

tribometer which consists of ball on disk tribotester and 

Raman microscope (inVia, Renishaw, UK) [2]. Raman 

measurement was performed every 6 minutes on a 

surface of the ball specimen which is rotated against the 

disk specimen. Both steel ball/coated disk and coated 

ball/steel disk configuration were tested under lubrication 

with a fully formulated oil (ILSAC GF-6). 

3. Discussion 

Figure 1 shows frictional behaviors of coated ball/steel 

disk tribopairs. TiN showed stable frictional behavior, 

and its friction coefficient decreased faster than that of 

CrN. Process of tribofilm formation for each tribopair 

and the predominant factor that determines frictional 

behavior will be discussed based on results of in-situ 

Raman observation on steel ball/coated disk as well as 

coated ball/steel disk tribopairs. 

 
Figure 1 Friction coefficient for each tribopair 
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