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The Influence of SIC Shot Blasting on Adhesion of DLC Film

MIKI Yasuhiro™, TANIGUCHI Tadashi"?, MATSUOKA Takashi ™
SASAKI Kenji ¥, FUKUSHI Tekayoshi™, Y UK I Tamotsu™, GOSHI Hiroyuki™® and HORINO Yuji™®

Diamond-like-carbon (DLC) films were deposited on the surface of shot blasted SKD11 substrates using silicon
carbide powder in order to improve adhesion of DLC films. DLC films were deposited on the blasted substrates by
plasma-based ion implantation and deposition (PBIID) method using CH, and C,H, as reactant gas. The adhesion of
DLC films were evaluated by the critical load in scratch test. The critical load has improved four times by
pretreatment of shot blasting with silicon carbide powder to the substrate surface, and DLC films peeled area has
decreased clearly by this pretreatment. The adhesion of DLC films were improved as the compressive residual stress,
silicon ingredient and roughness of substrate surface increased.
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Table 1 Chemica composition of SKD11 substrate (wt%).
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Table 2 The condition of shot blasting.

Material Pressure Distance Time
SiCpowder 0.5MPa 100mm 10sec
(40 m)
<:::::>———Matching circuit——{iiiij)
RF pulse s Pulsed bias voltage
(13.56 MHz) Cooling (-20 0kV)
Feeldthrough

g T Plasma
"

Process Gas
(Ar,CHa,C2H2)

Fig.1 Schematicillustration of the apparatus
for PBIID method.
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Table 3 The condition of DLC coating.

Stepl Step2 Step3
Process gas Ar H2 N2 CH4 CoH2
Flow rate 12 24 40 70
(ccm)
Time 30 60 235
(min)
Pressure 0.5 0.5 10
(Pa)
Pulsed voltage -10 -20 -10
(kv)
Pulse width 10 5 5
(U]
Cycle frequency 3 2 4
(kHz)
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Table 4 The condition of stress measurement by X-ray.

Characteristic X-ray Cr-Ka
Diffraction line, hkl a 211
Diffraction angle (deg) 156.4
Tubevoltage (kV) 35
Tubecurrent (mMA) 100
Filter Vanadium
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Fig-2 Hardnessdistribution of cross-section of substrate

after SiC shot blasting.
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Fig.3 Residuad austenite distribution of cross-section of
substrate after SiC shot blating.
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Fig.-4 Residua stressdistribution of cross-section of
substrate after SiC shot blasting.

SEM image Si

— 0.2mm

Fig-5 SEM image and elemental analysis of SKD-B substrate
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Fig.-7 Raman spectraof DLC films on polished substrate
(SKD-A) and SiC shot blasted substrate (SKD-B).

Table 5 G-peak position and the integrated intensity (11p/11¢)
of D-peak and G-pesk of DLC films.

Surface treatment G-peak position  lp/ll¢
of substrate /em?
Polished substrate 1568 25

SiC shot blasted substrate 1578 2.3
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Fig.7 Relationship between thickness of DLC film and
diffraction intensity ratio(Io/lo) of substrate.
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Fig-8 Relationship between critical load of DLC film and
residual stressin substrate.
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Fig.9 Critica loads of DLC films on polished substrate
(SKD-A) and SiC shot blasted substrate (SKD-B).
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Fig-10 Photograph images of scrached DLC films on polished

substrate (SKD-A) and SIC shot blasted substrate (SKD-B).

SiC
DLC
DLC
10)
SKD-BDP
(SKD-B) 25um DLC
3um
Ra 01y m SKD-BDP
SKD-B DLC
26N 38N DLC
2/3
3.3 )
( ) ScC
19
19kN 50rpm 0.25g 1
Fig.11
1/4
Fig.12
0.2mm
Fig.11
14
SiC
Sign of wear
= 1mm

Fig.11 Photograph of the defective lower pestle
coated by hard chromium plating.
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(c) Lower pestle treated by SiC shot blasting
and DLC coating.

Fig-12 Photograph of the lower pestle after tablet fabrication.
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Table 6 Average roughness(Ra) of the under pestle
after tablet fabrication.

Surface treatment Average roughness(Ra) /uy m
Before After
Hard chromium plating 0.06 122
Chromium nitride coating 0.10 1.15
SiC shot blasting + DLC 0.28 0.40
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Fig.13 Hardness of the tablet after tablet fabrication.
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