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HIGHLIGHTS 

 Wear of ta-C coating shows strong dependence on hardness and roughness of mating material but not 

for a-C:H coating. 

 Wear performance of a-C:H coating shows strong dependence on the increasing rate of ID/IG ratio inside 

the wear track of a-C:H coating, but wear scar of ta-C coating doesn’t show evidence of graphitization. 

 

ABSTRACT 

 

In this study, wear behavior of amorphous hydrogenated carbon (a-C:H) coating and tetrahedral amorphous carbon (ta-

C) coating when sliding against various mating materials in base oil boundary lubrication condition is comparatively 

investigated to find out the optimal combinations of DLC/mating material and corresponding wear mechanism of both 

DLC coating. Tribological tests were performed in a cylinder-on-disc tribometer, Field Emission Scanning Electron 

Microscopy, Raman spectroscopy is used for characterization of ta-C and a-C:H worn surface. The results show that the 

specific wear rate of ta-C coating increases along with the hardness and roughness of mating material increases, while 

the specific wear rate of a-C:H coating increases together with an increment in the ID/IG ratio. It is concluded that for ta-

C coating, local stress concentration-induced microfracture is the main wear mechanism in relative high wear scenario, 

along with minor graphitization-induced wear which prevails in low wear scenario. On the other hand, a-C:H coating 

showed that simultaneous generation and removal of the graphitized layer on the contact surface is the predominant wear 

mechanism. 
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1.0 INTRODUCTION 

 

With the raising of public environmental consciousness and concerns about 

sustainable energy future, the modern automobile industry is tending to commit larger 

capital expenditures in reducing energy loss. It was estimated that approximately up to 30% 

of the fuel energy loss inside the engine is attributed to friction between bearing 

components under oil boundary lubrication conditions (Merlo, 2003). Meanwhile, anti-

wear performance is also highly pursued to prolong the lifespan of such bearing 

components. Therefore, it is urgent to minimize the friction and wear of engine bearings-

included tribosystem to reduce the energy consumption. 

Surface coating technology has been the focus of attention of the automobile 

industry during the recent decades (Holmberg et al., 2012). Diamond-like carbon (DLC) 

coating could be used as a surface functional material to achieve the low friction between 

coating and mating material due to its remarkable mechanical and tribological 

performance, such as high hardness, low friction and high wear resistance (Kano, 2006; 

Erdemir and Donnet, 2006). Among these DLC coatings, tetrahedral amorphous carbon 

(ta-C) and amorphous hydrogenated carbon (a-C:H) are the most commonly used DLC 

coatings, these are usually synthesized by physical vapor deposition (PVD) and chemical 

vapor deposition (CVD) respectively. In recent years, the previously introduced hard-

carbonaceous coatings have been widely applied to the engine bearing components that 

work under oil boundary lubrications (Kalin et al., 2008; Erdemir, 2005). And studies 

mainly concentrated on the effect of various oil additives on the friction and wear properties 

of DLC-mating tribopairs (Topolovec-Miklozic et al., 2008; Podgornik and Vižintin, 2005; 

Tasdemir et al., 2013a; Tasdemir et al., 2014). Although these oil additives could enhance 

the wear resistance of certain type of DLC coating and reduce the friction coefficient to a 

certain extent by formation of protective tribofilm with low shear strength, the utilization 

of such phosphorus and sulfur-containing oil additives easily brought in environmental 

problems due to the hazardous emissions and sludge obtained during purification (Herdan, 

1997). Therefore, it is most desirable to replace the use of these conventional additives by 

an appropriate DLC/mating material combination under the pure base oil boundary 

lubrication condition.  

Friction and wear are not a constant property of materials and can change depending 

on the operating condition, working environment (humidity, lubrication, additives, and 

temperature), material properties and counter surfaces (Jimbo and Hironaka, 1997; 

Lancaster, 1990; Podgornik et al., 2003; Hutchings, 1992; Ni et al., 2004). In terms of DLC 

coating working under oil boundary lubrication condition, it is reported that a combination 

of the lubricant formulation and the mating material is a crucial factor for the usage of DLC 

in lubricated conditions (Tasdemir et al., 2013b). Despite this, very little emphasis has been 

put on the combination of mating materials and the above-mentioned two types of widely 
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used DLC coating (ta-C and a-C:H) (Liu et al., 1999), especially under oil boundary 

lubrication condition without commercial additives. 

In this paper, comparative study on wear behavior of ta-C and a-C:H coating when 

sliding against various mating materials under pure base oil boundary lubrication condition 

is conducted to investigate which DLC coating/mating materials combination is consistent 

with low friction and high wear resistance. The hardness of mating material is considered 

to be a key factor on the behavior of wear of the counter DLC coating. Therefore, three 

types of industrial coating materials (TiC, Cr and Ni) and three types of industrial bulk 

materials (steel, Al and Cu) are purposely selected as mating materials which are of diverse 

hardness (from 2.4 GPa to 14.7 GPa) and maintain similar surface roughness. Furthermore, 

we also aim to elucidate different wear mechanisms of ta-C and a-C:H coating under pure 

base oil boundary lubrication condition.  

 

2.0 MATERIALS AND METHODS 

 

2.1 DLC coatings and counter materials 

 

Two commercially available categories of DLC coatings, which are hydrogenated 

amorphous carbon (a-C:H) and tetrahedral amorphous carbon (ta-C), were supplied by 

Nippon ITF Inc. They were deposited on the curved surface of cylinder pins, measuring 

5mm in diameter and 5mm in length. a-C:H was deposited by PECVD (plasma enhanced 

chemical vapor deposition) methods and ta-C was deposited by ion plating method, both 

DLC coating were subsequently polished to remove any droplets and particles which may 

have formed on the top surface during the deposition process. The detailed properties of 

DLC coated cylinder are listed in Table 1. 

 

Table 1: Important characteristics of DLC coated cylinder 

Substrate material SUJ2 

Coating material ta-C a-C:H 

Deposition method Ion plating PECVD 

Hardness, H (GPa) 38±2 12±2 

Young’s Modulus (GPa) 435 ±50 105 ± 20 

Surgace roughness, Ra (nm) 24 31 

Film thickness, t (μm) 1 4 

 

Basically, six kinds of materials were used as a counterpart disk plate, measuring 

22.5mm in diameter and 4mm in thickness, to slide against with DLC coated cylinders. 

Among which, TiC, Cr and Ni were coated on a steel plate with thickness of 1μm, the rest 

of three counterparts were all made by bulk S55C steel, Cu and Al respectively. Detailed 

properties are shown in Table.2. In addition, to investigate the effect of surface roughness 
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on wear behavior of each ta-C coating, S55C steel was deliberately ground by several 

specific types of abrasive papers to give various surface roughness.  

 

Table 2: Important characteristics of mating materials 

Material  
Hardness, H 

(GPa) 

Young’s Modulus, E 

(GPa) 

Surface roughness, Ra 

(nm) 

TiC 14.7 439± 17 11 

Cr 12.4 285± 12 10 

Ni 6.6 213± 16 14 

S55C-1 

4.4 201± 13 

5.8 

S55C-2 23 

S55C-3 85 

S55C-4 309 

Cu  2.7 128± 10 14 

Al 2.4 73±  4 32 

 

2.2 Tribological Experiments 

 

In this study, tests were performed using a reciprocating cylinder-on-disk tribotester 

under the boundary lubrication condition (Figure 1). The DLC-coated cylinder was loaded 

by 5N (corresponding to a maximum initial Hertzian contact pressure of 80MPa) and 

rubbed against six types of disks under pure sliding conditions. Both the cylinder and the 

disk were immersed into pure PAO4 oil, which has a viscosity of 19 mm2/s and pressure-

viscosity coefficient of 17.08 GPa-1 at 40°C, the temperature was kept at 80°C during the 

sliding test. The rotational radius and speed were fixed at 6.65mm and 100rpm (0.065m/s) 

respectively. Test duration was set to 60mins and the corresponding sliding distance was 

calculated to be approximately 250m.  

The friction coefficient was simultaneously recorded by load cell unit. Wear 

volume of DLC coatings on the cylinder was roughly calculated by measuring the width of 

rectangular-shape wear track with optical microscope. Before and after the friction tests, 

all samples were cleansed with benzene and acetone successively in an ultrasonic bath to 

remove oil species and contaminants. The minimum film thickness (hmin) for rectangular 

conjunctions and dimensionless lambda ratio (Λ) were calculated using equation 1 and 

equation 2, respectively. 

hmin=1.806(w’
z)

-0.128(η0ũ)0.694 𝜉 0.568Rx
0.434                                               (1) 

Λ=
hmin

√Rq.a
2 +Rq.b

2
                                                                     (2) 

Where w’z is the normal load per unit width, η0 is the absolute viscosity at p=0 and constant 

temperature, ũ is the mean surface velocity in sliding direction, 𝜉 is pressure-viscosity 
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coefficient, Rx is effective radius of cylinder, Rq,a is the curve surface roughness of cylinder 

and Rq,b is the surface roughness of disc. The calculated lambda ratio at initial contact 

condition is 0.23 and 0.3 for a-C:H/steel and ta-C/steel tribosystem respectively, being both 

less than a unity, it means that the lubrication regime is boundary lubrication. 

 

 
Figure 1: Schematic of reciprocating cylinder-on-disk ribotester 

 

2.3 Surface Analysis 

 

Surface roughness, hardness and Young modulus were measured by atomic force 

microscopy (SEIKO, Nanopics 1000) and Nanoindenter (NANOPICS 1000 Elionix ENT-

1100a). Raman spectroscopy (NRS-1000 Laser, Jasco Inc., Japan) measurements with 532 

nm Ne laser radiation were carried out to characterize structural information of DLC 

coatings. Field-emission scanning electron microscope (FE-SEM, JEOL, JSM-7000FK) 

was used to observe the DLC and S55C steel surface.  

 

3.0 RESULTS AND DISCUSSION 

 

3.1 Wear Results 

 

Figure 2 displays the effect of the counter materials on the wear of hydrogen free 

ta-C DLC and hydrogenated a-C:H DLC respectively when tested in non-additive PAO oil. 

Hydrogen free ta-C coating suffers from the most severe wear when rubbing against TiC 

coated plate and is partially worn out after 160m of sliding distance. The lowest wear rate 

of ta-C coated cylinder is provided by ta-C/steel tribopair and ta-C/Cu tribopair. In the case 

of hydrogenated a-C:H coating, the highest wear rate is observed when rubbing against 

nickel while the lowest wear rate is detected for a-C:H/TiC and a-C:H/steel. As it is seen 

in Figure 2, except the case of DLC/TiC tribopair, wear rate of a-C:H is generally higher 



Jurnal Tribologi 15 (2017) 1-20 

 6 

than that of ta-C for the other tribopairs. And only for DLC/steel contact, ta-C and a-C:H 

coatings exhibit similar wear rate with each other.  

 

 
Figure 2: Specific wear rate of ta-C and a-C:H when rubbing against various mating 

materials 

 

Figure 3 presents the steady state friction coefficients as a function of different 

counter materials rubbing against both DLC coated cylinders. The fluctuation of steady-

state friction coefficient is marked as the error bar in Figure 3. Generally, the friction 

coefficient ranges from 0.08±0.04 for all tribopairs. In the case of ta-C/TiC combination, 

the friction coefficient reaches a low level of 0.043 but increases up to 0.11 level after ta-

C coating being partially worn out and runs into an unsteady state which is shown as the 

bigger error bar. For the DLC/TiC, DLC/Ni and DLC/Al combination, ta-C coating could 

provide lower friction coefficient than a-C:H coating in steady state. Whereas, for DLC/Cr, 

DLC/steel and DLC/Cu combinations, a-C:H coating shows a lower friction coefficient 

than ta-C.  

SEM observation was conducted on wear track of ta-C and a-C:H coating. Figures 

4(a)-(f) reveals the surface appearance of ta-C coating inside the wear track after rubbed 

against TiC, Cr, Ni, steel, Cu and Al respectively. It is worth noting that obvious abrasive 

scratches are generated inside the wear track of ta-C coating after rubbing against TiC, Cr, 

Ni and Al (Figure 4a-4c and 4f). However, only in the case of ta-C/steel and ta-C/Cu 

tribopairs, the wear tracks appear to be relatively smoothened (Figure 4d-e). For the wear 

track of the a-C:H coating, rather smoother wear tracks were generated on the rubbed 

surface for all tribopairs (as shown in Figure 5a-f) and the wear track is obviously smoother 

in comparison with the as-deposited surface.  
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Figure 3: Steady state friction coefficient of ta-C and a-C:H coating when rubbing against 

various mating materials 
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Figure 4: FE-SEM images of wear scar on ta-C coating when rubbing against various 

mating materials 
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Figure 5: FE-SEM images of wear scar on a-C:H coating when rubbing against  

Various mating materials 

 

3.2 Wear Behaviour Depending on the Hardness and Roughness of Mating 

Materials 

 

Tribological characteristics of tribosystem are described as a function of numerous 

factors (Kato, 2000). In this study, the effect of hardness of various mating materials on 

the wear of both DLC coatings is investigated to illustrate the distinction of the wear 

behaviour between ta-C and a-C:H coating when sliding against various mating materials 
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with different hardness. Figure 6 presents the specific wear rate of ta-C coating as a 

function of the hardness of mating materials. As can be seen in Figure 6, the specific wear 

rate of ta-C soars with the increase in hardness of the mating surface. Nevertheless, in the 

case of a-C:H coating, there is no apparent dependence between specific wear rate and the 

hardness of the different mating surfaces as it is seen in Figure 7.   

 

 
Figure 6: Variation of specific wear rate of ta-C coatings as a function of  

mating materials 

 

 
Figure 7: Variation of specific wear rate of a-C:H coatings as a function of hardness of 

mating materials 
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The variation in specific wear rate of the ta-C coating with various mating surface 

roughness (S55C-1, S55C-2, S55C-3, S55C-4) is shown in Figure 8. It should be noted that 

the surface roughness was measured after friction test. The surge in specific wear rate of 

ta-C occurs when the surface roughness of mating surface increases from 0.015 to 0.023 

µm, and become nearly constant when the roughness of mating materials reaches 0.1 µm.  

 

 
Figure 8: Variation of specific wear rate of ta-C coatings as a function of roughness of 

mating materials 

 

3.3 Surface Analysis with Raman Spectroscopy Measurements 

 

Due to the amorphous structural of DLC coatings, tribo-induced graphitization is 

easily to be detected on the topmost contact sliding surface in oil boundary lubrication with 

various additives (Topolovec-Miklozic et al., 2008; Podgornik, and Vižintin, 2005; Haque 

et al., 2009; Sugimoto et al., 2013). Formation of such graphitization layer has always been 

considered as the primary factor in low friction (Liu et al., 1996a) and low wear rate as 

well (Liu et al., 1996b). Raman spectroscopy measurements were conducted on both DLC 

surfaces inside and outside the wear track to identify graphitization on the sliding interface. 

Graphitization can be characterized by an increase in the intensity ratio (ID/IG) of the 

maximum disordered D-peak (ID) intensity to the maximum graphite G- peak (IG) intensity 

in the Raman spectra (Ferrari and Robertson, 2000). Figure 9 compares the calculated ID/IG 

ratio of ta-C inside and outside of the wear track.  
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Figure 9: Variation of ID/IG ratio inside and outside the wear scar of ta-C coatings when 

rubbing against various mating materials   

 

It shows that either increase or decrease in ID/IG ratio occurred inside the wear track 

in comparison with those outside the wear track for various mating materials. In both cases, 

the variation is too small to confirm the occurrence of graphitization for ta-C wear track. 

In terms of a-C:H, ID/IG ratio inside the wear track is generally higher compared to that 

outside the wear track, especially when rubbing against Cr, S55C steel, Cu and Al, the ID/IG 

ratio inside the wear track increased by up to than 15% (Figure 10). It indicates that 

graphitization occurred when a-C:H coating slides against the above-mentioned mating 

materials. Figure 11 shows representative Raman spectra of ta-C and a-C:H coating 

measured inside and outside the wear scar respectively, after rubbing against nickel coated 

disk.  

 

 
Figure 10: Variation of ID/IG ratio inside and outside the wear scar of a-C:H coatings 

when rubbing against various mating materials   
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Figure 11: Representative Raman spectra of (a) ta-C and (b) a-C:H when sliding against 

nickel coated disk   

 

The variations in specific wear rate as a function of ID/IG ratio increment rate for ta-

C coating after rubbing against various mating surface are displayed in Figure 12. The ID/IG 

ratio increment rate was calculated by the equation (3) as follows: 

 

I=
(

𝐼𝐷
𝐼𝐺

)𝑖𝑛−(
𝐼𝐷
𝐼𝐺

)𝑜𝑢𝑡

(
𝐼𝐷
𝐼𝐺

)𝑜𝑢𝑡

× 100                                                                      (3) 

 

where I is the ID/IG ratio increment rate, (
𝐼𝐷

𝐼𝐺
)𝑖𝑛 in is the ID/IG ratio measured inside the wear 

scar of DLC coating surface, (
𝐼𝐷

𝐼𝐺
)𝑜𝑢𝑡 is the ID/IG ratio measured outside the wear scar of 

DLC coating surface. No clear correlation between specific wear rate and ID/IG ratio 

increment rate could be discerned. However, a-C:H coating shows increasing trend in 

specific wear rate with increase in increment rate of ID/IG ratio (Figure 13). It evidently 

indicates that with graphitization enhanced, the wear of a-C:H coating becomes severe.  
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Figure 12: Variation of specific wear rate of ta-C coatings as a function of  

increasing rate of ID/IG ratio 

 

 
Figure 13: Variation of specific wear rate of a-C:H coatings as a function of  

increasing rate of ID/IG ratio 

 

 

3.4 Wear Mechanism of ta-C 

 

The wear results in Figure 2 reveal that in the case of ta-C/TiC, ta-C/Cr, ta-C/Ni 

and ta-C/Al tribopairs, ta-C coating shows a relative higher wear than that of ta-C/steel and 

ta-C/Cu tribopairs. Moreover, when the ta-C coating exhibits low wear (rubbed against 
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steel and Cu), the wear track of ta-C appears to be partially smoothened (Figure 4d and 

Figure 4e), while in the other cases, and obvious scratch lines are generated along the 

sliding direction inside the wear track of ta-C coating. Therefore, we assume that wear 

mechanism of ta-C in the high wear scenario and low wear scenario are likely different.  

According to the previous research, very hard coating usually shows no sign of 

scuffing or scratch lines, especially when the counterface material is much softer than the 

coating (Rutherford and Hutchings, 1996; Rutherford and Hutchings, 1997). However, in 

the high wear scenario, generation of these scratch lines on hard ta-C coating surface is 

confirmed in our research. It is probably due to the participation of some wear debris that 

have a similar or higher hardness in comparison with ta-C coating. It is known that wear 

debris produced during the sliding process is often caused by plowing effect of harder 

material against softer material, here the softer material is easily removed and transformed 

into wear debris. In our experiment, it is not surprising that iron oxides (FeO, Fe2O3, Fe3O4) 

and iron carbides (Fe3C) could be detected on the wear track of disk, however, all the wear 

debris are much softer than the ta-C coating and therefore the ta-C coating is hardly abraded 

by these soft wear debris. Therefore, the only particle that can serve as abrasive to scuff ta-

C coating is assumed to be ta-C debris which very likely originates from the microfracture 

of ta-C spreading from the high-stress concentration areas during sliding process. If we 

consider that for hard carbonaceous coating (such as DLC or high crystalline diamond 

coating), the intrinsic residual compressive stress due to deposition process is critical to 

promote the microfracture of such thin coating, especially with stimulation of external 

stress. Meanwhile, it has long been considered that microfracture is important in the wear 

of both diamond and DLC coating (Bull, 1995). And it was reported that such fracture 

mechanisms-induced wear may cause the rate of material removal to be about ten times 

that for abrasive wear (Moore and King, 1980). Even more, the presence of scuffing 

suggests that the abrasive particles become significantly indented into the soft counterface 

disk (Trezona and Hutchings, 1999). Therefore, we propose that the trapped ta-C particles 

wear against ta-C coating to generate more fracture and ta-C debris. The mutual promotion 

effect between wear loss of ta-C and generation of microfracture-induced ta-C debris are 

proposed to be predominant wear mechanism of ta-C coating under oil boundary 

lubrication condition. Unfortunately, we couldn’t detect the spalled ta-C particles on 

neither wear track of ta-C coating nor mating steel disk due to the minute particle size and 

subsequent cleansing procedure. Moreover, when counterface is rougher than mating ta-C 

coating surface, the roughness of counterface cause can generate local stress concentration 

which promotes fracture initiation to generate more ta-C abrasive particles (Hong and 

Chengye, 1998; Gåhlin et al., 2001). In the end, it eventually results in more wear loss of 

ta-C coating (Figure 8).  

If we consider that the two lowest specific wear rate of ta-C are obtained when 

rubbed against two of the softest counter materials: Cu and steel, the partial smoothing 

phenomenon of the wear track is confirmed. Considering that information, we deduce that 
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microfracture of ta-C is not significant enough to generate sufficient ta-C particles that can 

cause the abrasive wear of ta-C in reverse. The reasons are given as follows: when the 

counterface becomes softer, the indentation depth of ta-C asperities into counterface disk 

become higher and the real contact area becomes larger, which causes the local stress 

concentration to become lower inhibiting the microfracture and hence less wear loss of ta-

C occurs, this is in agreement with the results showing in Figure 6. It is noted that when 

the softest aluminum is used as counterface, the specific wear rate of ta-C is surprisingly 

not the lowest among the whole six tribopairs. It may owe to the thin layer of alumina 

formed in the top surface of aluminum, whose hardness (mean value of 25 GPa) is much 

higher than aluminum, Cu and steel. Therefore, the real contact area is assumed to be 

smaller and the resulting higher local stress concentration probably induces microfracture 

of ta-C (as shown in Figure 4f) and higher specific wear rate. In this low wear scenario, we 

believe that the wear mechanism of ta-C from the top surface is caused by the removal of 

destabilized portions induced by graphitization occurring at the high-stress concentration 

areas. The removed graphitized wear debris is significantly softened (Wong et al., 2010) 

and cannot serve as abrasive particles to scuff ta-C coating. Previous studies have already 

stated that graphitization can occur on the diamond surface, which contains similar 

tetrahedral carbon structure as ta-C coating (Thornton and Wilks, 1978; Narulkar et al., 

2009; Shimada et al., 2004). However, we fail to confirm the graphitization on the top 

surface of ta-C by Raman spectroscopy, this might be due to the thickness of graphitization 

layer on ta-C surface being too thin to be detected by Raman spectroscopy measurement.  

From above all, we believe that graphitization plays a key role only in low wear 

rate scenarios; while in the high specific wear rate scenarios, the microfracture on the 

contact areas of ta-C coating might be predominant in the wear process of ta-C coating.  

 

3.5 Wear Mechanism of a-C:H 

 

In the case of a-C:H coating, the graphitization of topmost surface inside the wear 

track is confirmed by Raman Spectra as shown in Figure 10. In comparison with ta-C 

coating, a-C:H is more vulnerable to suffer from graphitization due to its metastable 

amorphous structure (Ronkainen et al., 2001). From Figure 13, it is found that the specific 

wear rate of a-C:H coating increases along with the growth rate of ID/IG ratio inside the 

wear track. Based on that we believe that graphitization plays a key role in the wear loss of 

a-C:H. In other words, the a-C:H coating is consumed in a process of simultaneously 

formation and removal of graphitized layers. During the wear process of a-C:H coating, 

the original surface topography is smoothened by frictional sliding when rubbing against 

all sorts of mating materials (Figure 5a-f). It is assumed that at the initial running-in period 

of sliding contact, graphitization occurs around the asperities of a-C:H due to higher locally 

stress concentration. These graphitized portions of a-C:H coating are likely to be removed. 

As the topmost asperities are mostly removed, the surface of wear region of a-C:H coating 
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becomes smoother gradually. As this smoothing phenomenon occurs, the stress distribution 

on the wear region become more uniform, hence the graphitization effect diminishes to 

some extent. It might inhibit the wear of a-C:H after the running-in period. In conclusion, 

we believe that main wear mechanism of a-C:H coating is graphitization.  

 

CONCLUSION 

 

The purpose of this investigation was to compare the wear mechanism of ta-C with 

that of a-C:H when rubbing against various mating materials to find out which mating 

material is preferable for each DLC coating under base oil boundary lubrication condition. 

Three types of industrial coating materials (TiC, Cr and Ni) and three types of industrial 

bulk materials (steel, Al and Cu) are used as mating materials which are of similar surface 

roughness. Based on friction and wear properties, analysis, and wear track observations, 

we could obtain the following insights and conclusions about the wear mechanisms of the 

two coatings:  

a) The ta-C coating could provide high wear resistance when rubbing against steel 

and Cu. While for a-C:H coating, high wear resistance is provided by rubbing 

against TiC and steel. Except the case of TiC, a-C:H coating generally shows 

higher specific wear rate than ta-C. 

b) Wear performance of ta-C coating shows a strong dependence on the hardness 

and roughness of mating material. The specific wear rate of ta-C increases as 

the hardness and roughness of mating material increases. While in the low wear 

scenario (less than 9.5×10-9 mm3/Nm), the main wear mechanism is assumed 

to be graphitization on the topmost of ta-C. However, in the high wear scenario 

(more than 30×10-9 mm3/Nm), the microfracture on the contact areas of ta-C 

coating might be predominant in the wear process of ta-C coating due to local 

stress concentration. 

c) Wear performance of a-C:H coating shows a strong dependency on the 

increasing rate of ID/IG ratio inside the wear track of a-C:H. Specific wear rate 

of a-C:H coating increases as the increasing rate of ID/IG ratio increases. It 

apparently indicates that the main wear mechanism of a-C:H coating is 

graphitization. 
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