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ABSTRACT – DLC application to engine components 

can reduce friction inside automobile engine. However 

clarification of lubricant additives effects to DLC is 

necessary to avoid components failure. In this study, 

friction test between SUJ2 balls and as-deposited plus 

ultraviolet (UV) irradiated a-C:H coatings was 

conducted in four different lubricant oils. Friction test 

results showed that UV irradiated a-C:H gives lower 

friction coefficient than as-deposited a-C:H. Surface 

analysis reveals that UV irradiation creates thicker 

tribofilm and dangling bonds formed attract more 

lubricant additives element to attached on its own 

surface and its counter materials resulting lower friction 

coefficient than the as-deposited a-C:H. 

 

1. INTRODUCTION 

DLC is an amorphous material which is a 

combination of both sp2 and sp3 structures that has the 

properties of low in friction, high hardness, chemically 

inert and highly wear resist. However, in order to apply 

DLC in engine components, one problem might happen 

which is the incompatibilities between DLC and 

lubricant additives. If this problem not being solved, this 

ultimately will cause DLC coated parts failure.  

ZnDTP is one of oil additives that have been 

extensively used for a long time. There are numerous 

studies regarding on the tribological characteristics of 

DLC films in ZnDTP oil lubrication [1]. And some 

studies reported that due to the existence of MoDTC in 

lubricant oils, the fraction of the anti-friction additives 

accelerate the wear of DLC when rubbed against steel 

[2]. For the case of lubrication in GMO, it contacted 

with DLC in the shape of ester plus the hydroxyl groups 

in the molecule enact an important part during the 

interaction [3]. 

Gadallah et al. also found that UV irradiation 

reduces the hydrogen composition and the ratio of sp3 

to sp2 hybridization then produces a long graphene 

layers on the irradiated DLC coatings. They also 

discovered that graphite fibres formed on the processed 

DLC coatings [4].  

However, no attempt was made to investigate the 

effects lubricant additives to the ultra-violet (UV) 

irradiated DLC coating. In this investigation, UV 

irradiation process have been done to hydrogenated 

amorphous carbon (a-C:H), and their characteristic in 

terms of friction and tribofilm formation has been 

studied when lubricated by four types of additives added 

lubricant oil. 

 

2. METHODOLOGY 

2.1 Hydrogenated DLC and lubricant oil additives 

The a-C:H coating used in this study has a 

hydrogen content of 16% on the Si (100) substrate by 

about 1.8 μm. Four types of oil used in this study which 

is anti-wear ZnDTP included base oil, ZnDTP and anti-

friction MoDTC included base oil, ZnDTP and anti-

friction GMO included base oil and lastly only base oil.  

 

2.2 UV irradiation and friction tester equipment 

Figure 1 shows a schematic diagram of the ball-on-

disk friction test apparatus used. In the friction test, the 

load was 1.0 N, the sliding speed of the two opposing 

surfaces was 6.28 × 10 -2 m / s (200 rpm), and the 

atmosphere temperature was at room temperature. 

 

 
Figure 1 Ball-on-disk friction test equipment 

schematics. 

 

2.3 DLC surface and tribofilm analysis equipment 

Atomic force microscope (AFM), nano-indentation 

hardness tester ENT-2100, ellipsometery (MART-102), 

scanning white light interferometry (Zygo, Newview) 

and the energy dispersive X-ray spectroscopy (EDS) 

was utilized to analyse the DLC coatings surface before 

and after the ultraviolet irradiation and friction test. 
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3. RESULTS AND DISCUSSIONS 

3.1 Friction coefficient 

Figure 1 shows the results of steady state friction 

coefficient in the last 5000 cycles of friction test. In 

each type of lubricant oils, UV irradiated a-C:H showed 

lower friction coefficient than the as-deposited a-C:H 

with reduction from 0.091 to 0.080 in Base oil, 0.056 to 

0.038 in ZnDTP oil, 0.080 to 0.065 in ZnDTP+MoDTC 

oil and 0.051 to 0.046 in ZnDTP+GMO oil. 

 

 
Figure 1 Frictional behaviour of as-deposited and UV 

irradiated a-C:H coating in 4 different type of oils. 

 

3.2 Tribofilm formation observation 

Figure 2 and 3 shows the results of lubricant 

additives element EDS analysis detected on both a-C:H 

disks and SUJ2 balls. No lubricants additives element 

detected on UV irradiated and non-irradiated a-C:H and 

its counter materials when lubricated with Base oil. But 

in ZnDTP lubrication, higher traces of lubricant 

additives detected on UV irradiated a-C:H disk and the 

counterpart SUJ2 ball. The same trend can be seen in 

ZnDTP+GMO lubrication but for the lubrication in 

ZnDTP+MoDTC, except for sulphur that cannot be 

traced on SUJ2 ball of UV irradiated a-C:H disk, the 

rest of the element showed higher atomic percentage 

compared to the case of as deposited a-C:H disk. Based 

on these results, the findings suggest that UV irradiation 

process helps to generate thick tribofilm on both UV 

irradiated a-C:H and its counterpart SUJ2 balls. These 

were made possible by the dangling bonds and thin 

graphite layer formed on the topmost surface of a-C:H 

disk and is consistent with findings of past studies [4]. 

 

 
Figure 2 Lubricant additives element analysis by EDS 

on SUJ2 balls. 

 

 
Figure 3 Lubricant additives element analysis by EDS 

on as-deposited and UV irradiated a-C:H disks. 

 

4. CONCLUSIONS 

The primary conclusions can be summarized as 

follows: 

(a) Friction coefficients of UV irradiated a-C:H 

coatings exhibited lower friction coefficient 

compared to the as-deposited a-C:H in all 

four type of additives added lubricant oils. 

(b) UV irradiation helps to generate thicker 

tribofilm on both UV irradiated a-C:H disks 

and its counterpart material SUJ2 balls thanks 

to the existence of dangling bonds and 

graphite layer on the topmost surface of UV 

irradiated a-C:H disks that cause the tribofilm 

to stick more on both UV irradiated a-C:H 

disks and SUJ2 balls instead of only on SUJ2 

balls as in as-deposited a-C:H disk. 
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