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Preparation of DLC Film on Rubber Surface by Vacuum Arc Deposition
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Abstract

Diamond-like carbon (DLC) films were deposited on various kinds of rubber substrates by
different types of cathodic vacuum arc deposition; normal cathodic arc deposition (CAD),
shielded cathodic arc deposition (SCAD), and T-shape filtered arc deposition (T-FAD) systems.
SCAD and T-FAD has a function to prevent the adhesion of macrodroplets emitted from the
graphite cathode spot. A large number of the droplets existed on the film prepared by CAD,
although little droplets existed on that prepared by T-FAD. Several scorched spots due to hot
droplet collision were observed on the film prepared by SCAD as well as considerable amount
of the droplets. The deposition rate of CAD was the highest and those of SCAD and T-FAD were
similar. The coefficients of friction of prepared DLC films were 0.15-0.23 and the films were
adhered well to the rubber with high separation load. Pretreatment of argon ion irradiation and
applying pulse bias to the substrate did not bring any recognizable advantages.
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Fig.1 Various types of cathodic vacuum arc
deposition systems.
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Table 1 Photographs and micrographs of DLC film surface prepared on EPDM by various deposition systems.
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Fig. 2 Photograph of scorched spot of DLC
film on S-FKM prepared by SCAD.
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Fig.3 Deposition rate of DLC films on rubber
substrates deposited by various deposition systems.
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Fig.4 Surface roughness of DLC films on rubber
substrates deposited by various deposition
systems.
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Possible scparation positions
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Fig.5 Schematic structure of test sample and
possible separation position in pulling test.

Table 2 Coefficient of friction and adherence of DLC film on various rubbers prepared by T-FAD.

Substrate EPDM | N-FKM | S-FKM Q
Coefficient of Rubber 1.66 1.26 1.76 0.42
friction DLC on rubber 0.16 0.15 0.23 0.17
Adherence Peel-strengt.h (Sepa.r'fltlon load? (kN/m) 1.3 6.1 0.9 5.4
Separation position (see Fig.5) (c) (d) (c) (d)




Joumnal of IAPS
0.5 10
Pretreatment Yes No
2 0.4 Cocfficient of friction —O— - @
2 Adherence D A T
3}
E Z
w 0.3 o)
o
= 45 8
2 o
g 0.2 3
g c
(3 <
0.1
1 1 1 1 0
EPDM N-FKM S-FKM Q
Substrate

Fig.6 Coefficient of friction and adherence of DLC
films prepared with/without pretreatment of Ar ion
irradiation,
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Fig.7 Coefficient of friction and adherence of DLC
films prepared with/without pulse bias.
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