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ABSTRACT – In this study, the effect of material types 

of counter parts on friction properties of chlorine-doped 

amorphous carbon films were investigated. Chlorine-

doped amorphous carbon films were deposited using 

plasma-based ion implantation and deposition system 

with tetrachloroethylene as precursor. During sliding 

test with steel and ceramics counter parts, we confirmed 

that chlorine-doped amorphous carbon films indicated 

different friction behavior depending on material types 

of counter parts, and the tribofilms, which formed via a 

tribochemical reaction during sliding, were different. 

We report about the friction properties of chlorine-

doped amorphous carbon films sliding against high 

chromium bearing steel, SiC, and Al2O3. 

 

1. INTRODUCTION 

Amorphous carbon films are generally composed 

of sp2- and sp3- hybridized orbitals of carbon and 

hydrogen. In recent years, amorphous carbon films have 

attracted attention in research and industry due to their 

superior properties, such as optical properties, corrosion 

resistance, chemical inertness and biocompatibility. In 

particular, amorphous carbon films have extraordinary 

wear and friction properties, and they have contributed 

to drastic improvement of the tribological properties of 

gears, cutting tools, and machine parts and so on. In 

recent years, new methods for improving the frictional 

properties of amorphous carbon films have been 

demanded in various industrial fields. Many efforts to 

improve the frictional properties of amorphous carbon 

films, for example, doping with different elements have 

been reported. In our previous study, chlorine-doped 

amorphous carbon films and its tribological properties 

against aluminium alloy were discussed [1,2]. From the 

results of experiments, we confirmed that the chlorine-

doped amorphous carbon films show lower friction 

coefficient and higher wear resistance compared with 

hydrogenated amorphous carbon films. We concluded 

that the improvement of friction properties of these 

films was achieved by formation of tribofilm of 

aluminium chloride hydrate.   

The aim of this study is to survey the effect of 

counter parts on friction properties of chlorine-doped 

amorphous carbon films. We report about friction 

properties and its friction mechanism of chlorine-doped 

amorphous carbon films sliding against high chromium 

bearing steel, silicon carbide (SiC) and alumina (Al2O3). 

 

2. METHODOLOGY 

2.1 Amorphous carbon deposition 

 The hydrogenated amorphous carbon films and 

chlorine-doped amorphous carbon films were deposited 

on aluminium alloy (ISO-AlMg1SiCu) disk via plasma-

based ion implantation and deposition (PBII&D) 

method. In this method, the substrate itself is used as an 

RF antenna and a high-frequency power supply 

generates a plasma from the source gas around the 

substrate; then a negative charge is applied to the 

substrate. The films are deposited by chemical reaction 

and ion implantation to substrate surface. This method 

has various advantages; for example, it is possible to 

form a uniform film on a complex surface at deposition 

temperatures of less than 473 K. Prior to film 

deposition, all substrates were cleaned by Ar 

bombardment to remove contaminants and activate the 

surface. A hydrogenated amorphous carbon films were 

deposited using toluene (C6H5CH3) gas, while the 

chlorine-doped amorphous carbon films were deposited 

using two different gases, a mixture of toluene and 

tetrachloroethylene (C6H5CH3 + C2Cl4) or pure C2Cl4. In 

the deposition using mixture gas, we changed gas flow 

ratio of C6H5CH3 and C2Cl4 to control chlorine contents 

Cl/(C+Cl) inside of the films. 
 

2.2   Sliding test 

Reciprocating-type ball-on-disk sliding tester was 

employed to perform friction tests. Various type balls 

such as Al2O3, SiC, and high chromium bearing steel 

(100Cr6), with a diameter of 6 mm was used as the 

counter parts. The applied load, sliding speed, sliding 

distance, and total number of sliding cycles were 5 N, 

20 mm/s, 10 mm, and 2000 cycles, respectively. The 

sliding tests were performed under non-lubricated 

conditions in air at a temperature of 20 ± 2 ºC and a 

relative humidity of 50 ± 5%.  

 

2.3   Surface analysis after sliding test 

Time-of-flight secondary ion mass spectroscopy 

(TOF-SIMS) was used to investigate the presence of 

compounds on the wear track of the chlorine-doped 

amorphous carbon films to determine the type of 

tribofilm at the sliding interface. In TOF-SIMS 

measurements, we analysed in mass resolution mode 

using Ga+ ions as the ion source. Spot size was 100 μm 

square. 

 

 



Tokuta et al., 2018 

34 

 

3. RESULTS AND DISCUSSION 

Figure 1 show results of sliding tests using each 

counter parts. In case of Al2O3, friction coefficient of 

chlorine-doped amorphous carbon films indicated lower 

value compared with that of hydrogenated amorphous 

carbon films. However, further reduction of friction 

coefficient could not be detected in case of Cl/(C+Cl) 

ratio over 3.8%. On the other hands, reduction of 

friction coefficient could not be observed in case of SiC. 

There are no effects of chlorine doping on friction 

properties of amorphous carbon films sliding against 

SiC. In case of high chromium bearing steel, friction 

coefficient was decreased with increases in the 

Cl/(C+Cl) ratio.  

From these results, the friction behaviour of 

chlorine-doped amorphous carbon films indicated 

various value depending on counter parts. Figure 2 

shows results of TOF-SIM on wear track of chlorine-

doped amorphous carbon films sliding against (a) Al2O3, 

(b) SiC, and (c) high chromium bearing steel. In case of 

Al2O3, HOAlCl and H2OAlCl peaks which suggest the 

presence of chlorine-aluminium based hydrate were 

detected. From the result in case of sliding against SiC, 

SiO and SiO2 peaks could be detected. This result 

means that silicon dioxide was formed, however, there 

were no peaks dended on chlorinated tribofilms. From 

the results in case of high chromium bearing steel, FeO, 

Fe O2, FeCl, and HClFe peaks, that are iron chloride 

and iron oxide were observed. From these results, it was 

confirmed that various tribofilms were formed 

depending on the type of counter parts. We consider that 

the generation of such tribofilms dominantly influence 

to the friction properties of chlorine-doped amorphous 

carbon films. 

 

4. CONCLUSION 

In conclusion, the friction coefficient of chlorine-

doped amorphous carbon films indicated various value 

depending on the type of counter parts. From the results 

of TOF-SIMS analysis on the wear track of films, we 

consider that chlorine-aluminium hydrate was formed in 

case of Al2O3. SiC counter parts contribute to forming 

SiO2, and iron chloride and iron oxide were formed in 

case of high chromium bearing steel. 
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Figure 1 Results of sliding test in various counter parts. 

 

 
 

 

 

 
Figure 2 TOF-SIMS analysis on wear track of chlorine-

doped amorphous carbon films. 


