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Relation between Friction Coefficient and Hydrogen Contents
in Diamond Like Carbon Films

Kazutaka Kanda, Kyohei Kishigami, Masaki Hashimoto,
Ryoya Ishigami and Yoshiro Iwai

The pin-on-plate friction test was performed by using various kinds of DLC films to clarify the relation
between the hydrogen content and the friction coefficient of DLC. As the test piece, twelve kinds of
commercially available DLC coated specimens were prepared. Their hydrogen contents were determined by
elastic recoil detection analysis (ERDA) method using 2 MeV of He ion beam from the tandem accelerator.
As a result of the friction test, it became clear that the coefficient of friction tended to increase with
increase of hydrogen content of DLC. By the Raman spectrum analysis, the debris adhered around the wear
track were assigned as worn-out mixture of DLC and pin materials. Generation of this material was

presumed to be the cause of low coefficient of friction discovery of DLC.
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Table 1 Property of DLC coated test specimens.

Specimen | Coating Specimen | Coating
No. ethod Composition No. tethod Composition

1 UBMS C:H 7 PCVD C:H:Si

2 UBMS C:H 8 PCVD C:H:Si

3 UBMS C:H 9 ATP C

4 UBMS 10 UBMS C:H

5 AIP 11 UBMS C:H:Me

6 PCVD C:H 12 MS C:H

UBMS: Unbalanced magnetron sputtering, AIP: Arc ion plating,

PCVD: Plasma assisted chemical vapor deposition,

MS: Magnetron sputtering, Me: Metal
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Fig. 1 Experimental arrangement of ERDA.
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Table 2 Experimental condition of friction test.

Load 200 gf
Atmosphere Air

Sliding speed 1200 mm/min
Stroke 10.0 mm
Sampling frequency 10Hz
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Energy spectrum of recoiled proton from DLC specimen 1 measured by ERDA method.

Red line shows the calculated spectrum.
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Energy spectrum of scattered He ion from DLC specimen 1 measured by RBS method.

Red line shows the calculated spectrum.

Table 3 Hydrogen content of DLC films obtained by ERDA method.

No. C H Ar (H/(C+H))= 100
1 97 20 3 23
2 a7 24 3 20
3 97 17 3 15
4 97 4 3 4
5 100 0 W] 0
] 100 17 i] 15
7 100 23 W] 19
8 100 17 W] 14
] 100 0.5 W] 0.5
10 100 20 i] 17
11 97 28 3 22
12 100 24 0 19
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Fig. 5 Time dependent friction coefficient of DLC coated specimen 1.

Specimen 1

Coefficient of friction
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Fig. 6 Raman spectroscopy of wear trace of pin specimen.

Solid lines in Raman spectrum show results of peak separation.
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Fig. 7 Wear trace and Raman spectroscopy of debris adhered on DLC coated specimen 1.

Solid lines in Raman spectrum show results of peak separation.
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Table 4 Coefficient of friction of each DLC sample.

Specimen Hyvdrogen | Coefficient of
No. content (%) friction
1 23 0.11
2 20 0.12
3 15 0.08
4 4 0.10
5 0.07
5 15 0.08
7 19 0.10
8 14 0.10
9 0.5 0.08
10 17 0.10
11 22 0.14
12 19 0.18
0.20
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c 0.16 O
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Fig. 8 Relation between the coefficient of friction and hydrogen contents in DLC film.

MS: Magnetron sputtering, AIP: Arc ion plating, PCVD: Plasma assisted CVD.
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