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ABSTRACT – Tribological properties of unique 

amorphous carbon (unique a-C) coating with mesh 

structure was investigated and compared with the 

standard ta-C and a-C:H under base-oil lubrication 

using roller-on-disk tribo-tester. The friction coefficient 

for unique a-C and the standard ta-C shows the same 

trend of decreasing over the load. While the a-C:H 

shows reduction in friction coefficient as the load 

increased. Moreover, the wear rate at 20 N loads was 

less than 2.0x10-9 mm3/Nm unique a-C as compared to 

3.2x10-8 mm3/Nm for standard ta-C. It is a result of 

inhibition of brittle micro-fracture by the structure and 

abrasive particle hardness produced by the unique a-C 

which is three times softer than the standard ta-C. The a-

C:H coating wear mechanism explained by the contact 

surface structure transformation to graphite. 

 

1. INTRODUCTION 

Diamond-like carbon has been subjected to 

research since 1900s, as a result of which it has gained 

attention of academic and industrial sector. Significant 

studies have been conducted on several of its aspects 

such as deposition techniques, structure and 

morphology of the film coating, lubrication and additive 

properties and intrinsic and extrinsic factors which 

cause decrease in friction and wear rate. Unique a-C 

coatings have been developed which having mesh-type 

structure. Unique a-C having also possesses soft 

structure with high chipping resistance, low friction 

coefficient and high seizure pressure. There are still 

limited studies about the structure effect to the 

tribological performance of the DLC. Thus, it is crucial 

to determine the structural effect of DLC to the 

tribological performance under the free additive 

lubricant. 

 

2. METHODOLOGY 

Three types of diamond-like carbon coating 

samples which are unique a-C, standard ta-C, and 

standard a-C:H were investigated using roller-on-disk 

tribo-tester with aim to clarify the effect of coating 

structure toward tribological performance. The structure 

of the unique a-C is mesh-type with hardness and 

average surface roughness Ra of 27.5 GPa and 25.8 nm 

respectively. While the hardness and average surface 

roughness Ra for standard ta-C are 78.3 GPa and 23.0 

nm, and standard a-C:H are 14.8 GPa and 20.7 nm 

respectively. The experiments were conducted with 

coated roller against SUJ2 disk in lubricated condition 

with poly-alpha-olefin PAO oil at the temperature of 

80°C, speed of 0.068m/s, and loads 5, 10, and 20 N. The 

wear scar produced on the coated roller after friction 

test was evaluated and studied by using the optical 

microscope (OM), field emission scanning electron 

microscope (FE-SEM), Raman spectroscopy and atomic 

force microscopy (AFM). 

 

3. RESULTS AND DISCUSSION 

Figure 1 shows the coefficient of friction results 

for all specimens at different loads. Unique a-C shows 

similar friction coefficient and trend to the standard ta-C 

with regard to the applied load. Furthermore, the unique 

a-C shows the lowest wear rates for all load tested and it 

shows high resistance to wear with the increase of 

applied load as shown in Figure 2. 

 

  
Figure 1 Friction coefficient as a function of load. 

 

 
Figure 2 Wear rates of unique a-C, standard a-C:H and 

ta-C coated specimen as a function of load. 
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The wear rates for standard ta-C are much more 

severe as the load increased. This suggests that the 

structure of the coatings provides the improvement in 

wear resistance in the case of a-C coating. But for the 

case of standard a-C:H, as the load increased, the wear 

rate also decreases. The wear mechanism of standard ta-

C in DLC/steel tribo-pair were initiated by the brittle 

micro-fracture, which then develop the partial spalling 

which serves as the abrasive particle that accelerate the 

wear as shown in Fig. 3b and 4b. While for standard a-

C:H in DLC/steel tribo-pair, the wear mechanism is 

mainly due to removal of the topmost surface weakened 

graphitized layers [1-3]. Li et al. [1] also stated that an 

increased in sliding distance would result in smaller 

partial spalling inside or around the wear track border. 

Raman peak analysis for the as-deposited standard ta-C 

as shown in Fig. 5b shows broad G-peak at 1580cm-1 

and no D-peak which states high sp3 content [4], support 

by its high hardness 78.3 GPa. as –deposited unique a-C 

(Fig. 5c) shows broad G-peak and D-peak which states 

the structure form in combination of sp3 and sp2 

structure. 

 
 

 
Figure 3 Optical microscope images of the wear track 

for load 20 N (a) standard a-C:H (b) standard ta-C (c) 

unique a-C. 
 

It is clearly showing that there were no evident that 

the wear scar of standard a-C:H transform into graphite 

structure (Figure 5a), but the measurement of the 

Raman at the black spot (Fig. 4a) leave near to the wear 

track has been confirmed as the graphite structure. Thus 

for standard a-C:H,  the topmost layer of the coating has 

been transformed to graphite structure which then being 

consistently remove to the edge of wear track during the 

friction test. This explains why the coefficient of friction 

drop from 0.069 to 0.046 as the load increased. While 

for the standard ta-C (Figure 3b & 4b), there were 

severe micro spallation on the wear track and crack 

observed. The result of lower wear resistance of 

standard ta-C is also due to the initial surface roughness 

as compared to the other coatings.  For the unique a-C, 

there appear several deep abrasive scratches along the 

wear track (Figure 4c) causing by the low hardness 

abrasive particle that has been generated during the 

friction test. There also several tiny cracks observed 

near the non-uniform width of wear track as in Figure 

4c with no evident of spalling/delamination. Thus, wear 

mechanism of the unique a-C then could be explained 

by deterrence of severe through thickness micro-crack 

and less hardness abrasive particle produce during 

friction test. The hardness of the standard ta-C is 

approximately three times higher than the unique a-C, 

thus the abrasive particles produce by standard ta-C 

have higher hardness which accelerate the wear as 

compare to the wear particle of unique a-C. 

 
 

 
Figure 4 FE-SEM images for (a) standard a-C:H, (b) 

standard ta-C, and (c) unique a-C.  

 

 
Figure 5 Raman spectra for (a) standard a-C:H, (b) 

standard ta-C, and (c) unique a-C.  

 

4. CONCLUSION 

The friction and wear properties of unique a-C, 

standard ta-C and a-C:H were investigated under base-

oil lubrication. The wear rate of the unique a-C reduces 

by 93% as compared to the standard ta-C at almost 

similar friction coefficient. So the unique a-C shows 

excellent wear resistance due to inhibition of micro 

fracture and cracks by the structure which results in less 

low hardness abrasive particle produces. While the 

standard ta-C endured abrasive wear due to through 

thickness micro-crack, and standard a-C:H is due to 

graphitization-induced wear mechanism. 
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