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Aluminum alloys are light and have good workability; however, their low hardness and poor wear resistance are drawbacks limiting their
wide application in the automotive industry. The deposition of diamond-like carbon (DLC) films, which exhibit high hardness and good wear
resistance, onto the surface of Al alloy substrates, can overcome these drawbacks. As Al alloys and DLC films have low affinity for each other,
adhesion between the two is poor; adhesion can be improved by using of an interlayer. For coatings with the same thickness, film properties
are improved by forming multilayer structures. In this study, the sample was formed with a uniform film thickness of 2 pym, to change the
thickness ratio of the Si-DLC/DLC layer to 1:1 or 1:3 and to change the number of multilayers [Si—-DLC/DLCl]y to 1, 2, and 4. The samples
were then tested by nanoindentation, Rockwell indentation, scratch, and wear tests. The sample with a thickness ratio of 1:1 increased the
hardness and hardness/Young's modulus (H/E) of the film by increasing the number of multilayers repetitions. However, for the sample with
a thickness ratio of 1:3, 2 and 4 multilayer repetitions did not effect a significant difference in the hardness and H/E ratio. These samples did
not improve the adhesion properties, because of no significant difference by the Rockwell indentation and scratch tests. By the wear test, sam-
ples with a 1:1 thickness ratio of the multilayer increased the delamination length and decreased the friction coefficient with increasing num-
ber of multilayers repetitions. Samples with a 1:3 thickness ratio of the multilayer increased the delamination length with increasing number
of multilayers repetitions, whereas samples with 2 and 4 multilayers did not cause a significant difference in the delamination length. More-
over, the friction coefficient of the samples decreased with increasing number of multilayers repetitions. This study showed the delamination
length of DLC films is proportional to increasing H/E ratio.  [doi:10.2320/jinstmet.J2018060]
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Table 1  Chemical composition of A2024 aluminum alloy (mass%).

Si Fe Cu Mn Mg Cr Zn Al

012 024 46 0.61 14 002 007 Bal
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Table 2 CVD deposition conditions for Si—-DLC/DLC multilayer coating of thickness ratio of 1:1.

N (10600 nm : 1000 nm) (500 nm : 500 nm) (250 nm : 250 nm)
ame x1 x2 x4
Ar bombardment Ar gas, 0.55 Pa, 300 V, 443 K, 10 min
TMS + CH4 gas, 0.90 Pa, 330 V, 443K
Si-DLC
50 min 25 min 12.5 min
CH, gas, 0.75 Pa, 350 V, 443 K
DLC
100 min 50 min 25 min
Si-DLC : DLC
. 1000 nm : 1000 nm 500 nm : 500 nm 250 nm : 250 nm
Thickness
Number of
multilayer 1 2 4
repetitions

Table 3 CVD deposition conditions for Si—-DLC/DLC multilayer coating of thickness ratio of 1:3.

(500 nm : 1500 nm)

Name 1

(250 nm : 750 nm) (125 nm : 375 nm)
x 2 X 4

Ar bombardment

Ar gas, 0.55 Pa, 300 V, 443 K, 10 min

TMS + CH4 gas, 0.90 Pa, 330V, 443 K

Si-DLC
25 min 12.5 min 6.25 min
CH4 gas, 0.75 Pa, 350 V, 443 K
DLC
150 min 75 min 37.5 min
Si-DLC : DLC
. 500 nm : 1500 nm 250 nm : 750 nm 125 nm : 375 nm
Thickness
Number of
multilayer 1 2 4

repetitions
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Table 4 Condition of wear test for the Si—-DLC/DLC multilayer
coating.

Atmosphere Air
Temperature RT+2K
Humidity 50 + 10%
Counter material Al0;3 ball
(diameter) (¢ 6.35 mm)
Load SN
Wear radius 7 mm
Revolution 137 rpm
(Sliding speed) (0.1 ms™)

Sliding distance 1000 m

Table 5 H, E, and H/E values of Si—-DLC/DLC multilayer coating
measured by nanoindentation test.

Thickness H E

/um /GPa / GPa HIE

(1000 nm : 1000 nm) % 1 227 145 0.157
(500 nm : 500 nm) x 2 23.3 143 0.162
(250 nm : 250 nm) x 4 20 249 136 0.182
(500 nm : 1500 nm) x 1 26.3 141 0.186
(250 nm : 750 nm) x 2 304 150 0.203
(125 nm : 375 nm) x 4 31.9 155 0.206
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Optical images after Rockwell-A indentation tests of the Si-DLC/DLC multilayer coating: (a) (1000 nm : 1000 nm) x 1, (b) (500 nm : 500

nm) x 2, (¢) (250 nm : 250 nm) x4, (d) (500 nm : 1500 nm) x 1, (e) (250 nm: 750 nm) x 2, and (f) (125 nm : 375 nm) x 4.
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Fig.2 Acoustic emission, friction force and scratch trace of the Si—

DLC/DLC multilayer coating: (1000 nm : 1000 nm) x 1.

Table 6 Ceritical load of Si-DLC/DLC multilayer coating during the
scratch test.

Lel /N Le2 /N Le3 /N
(1000 nm : 1000 nm) x 1 34 9.6 14.9
(500 nm : 500 nm) x 2 34 9.5 14.7
(250 nm : 250 nm) x 4 2.8 9.8 14.7
(500 nm : 1500 nm) x 1 33 9.4 15.0
(250 nm : 750 nm) x 2 3.2 9.6 15.0
(125 nm : 375 nm) x 4 3.2 9.4 15.2
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Table 7 Wear volumes of Si-DLC/DLC multilayer coating after
wear test.

Wear volume
n0°+mm’
(1000 nm : 1000 nm) x 1 2.09
(500 nm : 500 nm) x 2 1.91
(250 nm : 250 nm) x 4 1.86
(500 nm : 1500 nm) x 1 1.76
(250 nm : 750 nm) x 2 1.71
(125 nm : 375 nm) x 4 1.70
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Fig. 3 Friction change curves of Si-DLC/DLC multilayer coating during the wear test: (a) thickness ratio of 1:1 and (b) thickness ratio of 1:3.
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Fig. 4 Relationship of H/E ratio and delamination length of Si-
DLC/DLC multilayer coating.
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