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Table 2.1.1 Deposition conditions for TiN coatings at various

temperatures.
Gas flow rate N2 20 cc/min
TiCel, 5cc/min

H, 750 cc/min

Ar 500 cc/min
Base pressure 1.3x10°2 Pa (1x10~* Torr)
Working pressure 530 Pa (4 Torr)
DC voltage 320-340V
DC current 1.0-1.3A

Deposition temperature 698-873K (425-600 T)
Substrate temperature 678-873 K (405-600 )
Deposition time 14.4ks (4 h)
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Fig.2.1.1 Changes in discharge voltage and current with deposition
temperature for TiN coatings. Change in discharge power calculated from

voltage and current is also shown.
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Fig.2.1.2 Change in thickness of the TiN coatings with deposition
temperature.
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Fig.2.1.3 Change in hardness of the TiN coatings deposited on SKH51

with substrate temperature.
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Fig.2.1.4 Change in composition of the TiN coatings deposited on SKH51

with substrate temperature.



3000 O 60

(o]
- Q--- 000 o ~----- (o RNttty ::
\\‘A o (o) Ogo Ti "6
2ooo-0\ Aa_ A 140~
L d \\\~A A C
N *AS —
I {83~ A o
Hv @ 0s~
1000 -\ 5 2aN 102z
.. A \\\\\ i:
L \.\ \\‘1
®-o
e —0©0
1 L 1 1 | 1 1 A 0
0 10 20 30 40

Cl content (at.%)
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against chlorine content in the TiN coatings deposited on SKH51.
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Fig.2.1.6 X-ray diffraction patterns of the TiN coatings with various
amount of chlorine deposited on pure iron. Coatings of pattern d and e
deteriorated partially and wholly, respectively, on exposure to air for

a few hours and the measurements were done after the deterioration.
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Fig.2.1.7 Intensities of TiN(220) diffraction line and the diffraction
line corresponding to NH,C1(211) plotted against chlorine content in the

TiN coatings.
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Fig.2.1.9 XPS spectra of TiN coatings formed by ion plating and PACVD
as well as those of NH,Cl powder and frozen TiCl,. PACVD TiN-Cl and
PACVD NH,Cl correspond to the coatings represented by patterns b and c
in Fig.2.1.6, respectively. Measurements of ion plated and PACVD

coatings were done for sputter etched surface in the XPS apparatus.
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Table 2.2.1 Deposition conditions for TiN coatings at various N,-to-

TiCl, flow rate ratio.

Gas flow rate Ne 9-70 cc/min
TiC4s 1.4-7.5cc/min

H, 750 cc/min

Ar 500 cc/min
N:-to-TiCf, ratio 3.6-14.3
Base pressure 1.3x10°2 Pa (1x10~* Torr)
Working pressure 530 Pa (4 Torr)
DC voltage 300-350V
DC current 0.8-1.0A
Deposition temperature 823K (550 1)
Deposition time 5.4 ks (1.5h)

Load

¢40x10 mm

10% sliding

l SKH 51
0.2~0.8 umR=z

Fig.2.2.1 Rolling test with slip by an Amsler tester.
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Fig.2.2.2 Thickness of the TiN coatings plotted against TiCl, flow rate

and N,-to-TiCl, flow rate ratio at a constant N, flow rate of 20cc/min.

LI
: _—9
e é
? I/
Sat ,f//cf \ 823K, 5.4ks
$ ¢ ® TiCls =55 ceimin
- ® TiCls=25cc/min
0 20 40 60

N2 Flow Rate (cc/min)

Fi1g.2.2.3 Change in thickness of the TiN coatings with N, flow rate at
two different TiCl, flow rates of 2.5 and 5.5cc/min.
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Fig.2.2.4 Thickness of the TiN coatings shown in Figs.2.2.2 and 2.2.3
plotted against N,-to-TiCl, flow rate ratio.
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Fig.2.2.5 Change in thickness of the TiN coatings with TiCl, flow rate

at a constant N,-to-TiCl, flow rate ratio of 8-9.
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Fig.2.2.6 Composition of the TiN coatings measured by EPMA plotted

against TiCl, flow rate and N,-to-TiCl, flow rate ratio at a constant N,

flow rate of 20cc/min.
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Fig.2.2.7 Microvickers hardness of the TiN coatings deposited on SKH51
plotted against TiCl, flow rate and N,-to-TiCl, flow rate ratio at a
constant N, flow rate of 20cc/min. The calculated thickness of the
coatings are 2.1, 2.6, 2.9, 2.4, 2.3 and 2.3pnm, respectively, in order
of TiCl, flow rate.
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Fi1g.2.2.8 X-ray diffraction patterns of the TiN coatings formed at

various TiCl, flow rates and a constant N, flow rate of 20cc/min.
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Fig.2.2.9 X-ray diffraction intensity ratios of TiN(111)/(200) and
(220) / (200) plotted against TiCl, flow rate and N,-to-TiCl, flow rate

ratio.
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Fig.2.2.10 Scanning electron micrographs of fracture cross-section for
the TiN coatings deposited on SKH51 at different TiCl, flow rate and a

constant N, flow rate of 20cc/min.
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TiCls (celmin) uf
N2/ TiCls %,

TiCl (co/min) 3.6
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— 0.1mm ( N2=20cc/min )

Fig.2.2.11 Optical micrographs around the indentation formed by
Rockwell C scale hardness tester for the TiN coatings deposited on SKH51
at various TiCl, flow rate and a constant N, flow rate of 20cc/min. The
calculated thickness of the coatings are 2.1, 2.6, 2.9, 2.4, 2.3 and

2.3pm, respectively, in order of TiCl, flow rate.
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Fig.2.2.12 Number of revolutions until the coating spalled by the
rolling test with slip plotted against TiCl, flow rate and N,-to-TiCl,

flow rate ratio.
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Fig.2.2.13 AES elemental depth profiles by argon sputter etching for
the TiN coatings formed at TiCl, flow rate of 1.6cc/min (upper) and

5.6cc/min (lower) under a constant N, flow rate of 20cc/min.
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Fig.2.3.1 Weight change in the TiN coatings with chlorine by heat

treatment in vacuum at various temperatures.
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Fig.2.3.2 Change in chlorine content in the TiN coatings heated in

vacuum with heating temperature.
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Fig.2.3.3 Change in hardness of the TiN coatings on SKH51 heated in

vacuum with heating temperature.
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Fig.2.3.4 Hardness of the TiN coatings on SKH51 heated in vacuum

plotted against chlorine content.
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Fig.2.3.5 Hardness of the as deposited TiN coatings on SKH51 plotted

against chlorine content.
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Table 3.1.1 Deposition conditions for TiC coatings at various

temperatures.
Gas flow rate CH, 10 cc/min
TiCe, 5-6 cc/min

H 750 cc/min

Ar 500 cc/min
Base pressure 1.3x1072 Pa (1x10~* Torr)
Vorking pressure 530 Pa (4 Torr)
DC voltage 350-490V
DC current 1.2-2.6 A

Deposition temperature 723-973K (450-700 C)
Substrate temperature 703-973 K (430-700 T)
Deposition time 5.4ks (1.5h)
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Fig.3.1.1 Changes in discharge voltage and current with deposition
temperature for TiC coatings. Change in discharge power calculated from

voltage and current 1s also shown.
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Fig.3.1.4 Changes in chlorine contents in the TiC and TiN coatings with

substrate temperature.
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Table 3.2.1 Deposition conditions for TiC coatings at various TiCl,

flow rates.

Gas flow rate CH, 10 cc/min
TiC¢, 1.4-7.7cc/min

Hy 750 cc/min

Ar 500 cc/min
Base pressure 1.3x10°2Pa (1x10~* Torr)
Vorking pressure 530 Pa (4 Torr)
DC voltage 400-420V
DC current 1.6-2.3A
Deposition temperature 823K (550%)
Deposition time 5.4ks (1.5h)
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Fig.3.2.1 Changes in discharge voltage and current with TiCl, flow rate

for TiC coatings. Change in discharge power calculated from voltage and
current is also shown.
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Fig.3.2.2 Change in thickness of the TiC coatings with TiCl, flow rate.
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Fig.3.2.3 Change in composition of the TiC coatings with TiCl, flow

rate.
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Fig.3.2.4 Changes in hardness and carbon content of the TiC coatings

deposited on SKH51 with TiCl, flow rate.
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Fi1g.3.2.5 Hardness of the TiC coatings deposited on SKH51 plotted

against carbon content.
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Fig.3.2.6 Contour lines of hardness for the TiC coatings deposited on

SKH51 expressed by carbon and chlorine contents.
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Fig.3.2.7 Titanium content and the sum of carbon and chlorine contents

plotted against chlorine content in the TiC coatings.
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Fig.3.2.8 X-ray diffraction patterns of the TiC coatings deposited on

pure iron at various TiCl, flow rates.
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Fig.3.2.9 XPS spectra of the TiC coatings with different composition.

Measurements were done for sputter etched surface in the XPS apparatus.
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Fig.3.2.10 Laser Raman spectrum of the TiC coating with excess carbon.
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Table 4.1.1 Deposition conditions for amorphous C-Si-H coatings.

Gas flow rate CH, 0-80 cc/min
SiCe, 0-7.5 cc/min

H, 750 cc/min

Ar 500 cc/min
Base pressure 1.3x10"2 Pa (1x10~* Torr)
Vorking pressure 530 Pa (4 Torr)
DC voltage 330-440V
DC current 1.5-2.0A
Deposition temperature 823K (550 %C)
Deposition time 5.4ks (1.5h)
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Fig.4.1.1 Changes in thickness and hardness of the coatings deposited

on SKH51 with CH, flow rate at a constant SiCl, flow rate of 7.5cc/min.
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Fig.4.1.2 Change in composition of the coatings shown in Fig.4.1.1 with

CH, flow rate at a constant SiCl, flow rate of 7.5cc/min.
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Fig.4.1.3 Thickness of the coatings plotted against CH,-to-SiCl, flow

rate ratio at two different SiCl, flow rates of 4.0 and 7.5cc/min.
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Fig.4.1.4 Change in thickness of the coatings with SiCl, flow rate at a

constant CH, flow rate of 30cc/min.
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Fig.4.1.5 Composition excluding hydrogen measured by EPMA of the

coatings plotted against C-to-Si atomic ratio in the reactive gases.
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Fig.4.1.6 Composition including hydrogen of some coatings in Fig.4.1.5

plotted against C-to-Si atomic ratio in the reactive gases.
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Fig.4.1.7 Hardness of the Si-C and Ti-C coatings with excess carbon

deposited on SKH51 plotted against carbon contents excluding hydrogen.
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Fig.4.1.8 X-ray diffraction pattern of the C-Si-H coating with 62at.%
carbon (composition excluding hydrogen) deposited on pure iron at a CH,-
to-SiCl, flow rate ratio of 4.1.
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Fig.4.1.9 Scanning electron micrograph of fracture cross-section for
the C-Si-H coating with 62at.% carbon (composition excluding hydrogen)
deposited on SKH51 at a CH,-to-SiCl, flow rate ratio of 4.1.
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Fig.4.1.10 FT-IR spectra of the C-Si-H coatings with different carbon
content formed by PACVD and a single crystal f-SiC film formed by
thermal CVD.
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Fig.4.1.11 XPS spectra of the Si-C and Ti-C coatings with excess carbon
formed by PACVD and a single crystal §-SiC film formed by thermal CVD.

Measurements were done for sputter etched surface.
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Fig.4.1.12 Laser Raman spectra of the Si-C and Ti-C coatings with
excess carbon formed by PACVD and a i-C (DLC) coating formed by ion
plating.
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Fig.4.1.13 Schematic laser Raman spectra of carbon materials.
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Table 4.2.1 Deposition conditions for a-C-Si-H coatings.

Gas flow rate CH, 0-80 cc/min
SiCe, 0-8 cc/min

s 750 cc/min

Ar 500 cc/min
Base pressure 1.3x1072 Pa (1x10~* Torr)
Working pressure 530 Pa (4 Torr)
DC voltage 330-440V
DC current 1.5-2.0A
Deposition temperature 823K (550 ¥)
Deposition time 1.8-5.4ks (0.5-1.5h)
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Coating
Substrate

F,/F; : Friction coefficient

Fig.4.2.1 Schematic ball-on-disk type of apparatus for friction and

wear test.

Table 4.2.2 Properties of coatings on disks used for the friction and

wear tests.

Material Thickness Hardness Roughness
(gm) BV 0. 01-0. 025 Rz (gm)
Uncoated - 850 0.2
(SKH51)
TiN 2 2100 0.2
TiC 3 2700 0.2
VC 7 2900 0.5
a-C-Si-H 2-3 2000-2400 0.1-0.3
60-91 at. %C
(except H)
DLC(A) 5 2800 0.2
(2000-5000)*
DLC(B) 1 (3000-5000)2 0.1

1. 2 Taken from each manufacturer’s catalogue.
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Fig.4.2.2 Friction coefficient in the ball on-disk test and Laser Raman
spectra of the a-C-Si-H coatings with different carbon content above
60at.% (composition excluding hydrogen), (counter material, SUJ2;

applied load, 6.2N; sliding velocity, 0.2m/s; unlubricated).
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Fig.4.2.3 Friction coefficient in the ball-on-disk test for the disks
coated with DLC-Si with 79at.%Z carbon (composition excluding hydrogen)
and two kinds of DLC, (counter material, SUJ2; applied load, 6.2N;

sliding velocity, 0.2m/s; unlubricated).
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Fig.4.2.4 Relation between friction coefficient with no lubricant
against steel in air and carbon content (composition excluding hydrogen)

in the a-C-Si-H coatings.
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Fig.4.2.5 Dependence of friction coefficient of the DLC-Si coating with
80at.%Z carbon (composition excluding hydrogen) on applied load in the
ball-on-disk test, (counter material, SUJ2; sliding velocity, 0.2m/s;

unlubricated: @, initial value; (O, stable value).
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Fig.4.2.6 Dependence of friction coefficient of the DLC-Si coating with
80at.%Z carbon (composition excluding hydrogen) on sliding speed in the
ball-on-disk test, (counter material, SUJ2; applied load, 6.2N;

unlubricated).
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Fig.4.2.7 Friction coefficient of the DLC-Si coating with 80at.% carbon
(composition excluding hydrogen) and DLC(B) against different materials,

(applied load, 6.2N; sliding velocity, 0.2m/s; unlubricated).
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Ion irradiated silicone ||

Fig.4.2.8 Comparison of friction coefficient with no lubricant for some
hard coatings including DLC-Si, (counter material, SUJ2; applied load,
6.2N; sliding velocity, 0.2m/s).
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Fig.4.2.9 Summary of wear properties obtained by the ball-on-disk test
for some hard coatings including DLC-Si, (counter material, SUJ2;

applied load, 6.2N; sliding velocity, 0.2m/s; unlubricated).
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Fig.4.2.10 Wear rate of some hard coatings including DLC-Si in the

Ohgoshi type wear test with no lubricant.

—126—



DLC(B)

DLC-Si

0.1mm
Intensity ratio (%)
Si 0 C Fe Cr Mn
DLCCB) &, 002, 4.7 = 288.9%1.1 IS
b 0.2 30.8 0.1 57.8..1.0 B2
DIC-8i &' 89" 3.2 0.2 °88:73 L8 1.3
79 at.%C 4 10.4 23.5 0.3 458 -1:0 » 0.2
except Hie 20 6.0 =227 tratl o
Substrate 0. 15 0.95 bal. 1.30 <0.05
(wt. %) =35 ~1..10 -1. 60

e: On wear debris transferred to copper tape.

-1. Not detected. -2%: Not measured.

Fig.4.2.11 Optical microscopic photographs of the wear scar on steel

balls after sliding 2.4x10* number of cycles (see Fig.4.2.3) for the

DLC-Si with 79at.Z% carbon (composition excluding hydrogen) and DLC(B),

and results of elemental measurements by EPMA at the points marked in

the photographs.
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Fig.4.2.12 Characteristic X-ray profiles of Si K§ for the marked point
d on the wear debris slid against DLC-Si coating (see Fig.4.2.11) and

some standard samples of silicon materials.
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Table 4.3.1 Deposition conditions for DLC-Si coatings with various

amount of chlorine.

Gas flow rate CH, 50 cc/min
SiCé,, Si(CHg) 4 3-8 cc/min

i P 750 cc/min

Ar 500 cc/min

Base pressure

1.3x10°2 Pa (1x10~* Torr)

Vorking pressure

530 Pa (4 Torr)

DC voltage

280-470V

DC current

0.4-1.5A

Deposition temperature

573-973 K (300-700 T)

Deposition time

0.9-3.6ks (15-60 min)

—138—



I DLC-Si
0.13K/s
Exl
8
L
5t
n
]
y
a
o on Si
. ' ‘ . . , on steel
800 900 1000 1100 1200

Temperature (K)

Fig.4.3.1 Thermal desorption spectra of hydrogen in the DLC-Si coatings

deposited on silicon and steel.
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Fig.4.3.2 Friction coefficient and laser Raman spectra of the DLC-Si
coatings before and after heating in vacuum, (counter material, SUJ2;

applied load, 6.2N; sliding velocity, 0.2m/s; unlubricated).
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Fig.4.3.3 Friction coefficient and laser Raman spectra of the DLC-Si
coatings after heating in vacuum, (counter material, SUJ2; applied load,
6.2N; sliding velocity, 0.2m/s; unlubricated). Frictional profile was
different from that in Fig.4.3.2.
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Fig.4.3.4 Friction coefficient and laser Raman spectra of DLC coatings
before and after heating in vacuum, (counter material, SUJ2; applied

load, 6.2N; sliding velocity, 0.2m/s; unlubricated).
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Fig.4.3.5 Change in composition excluding hydrogen measured by EPMA of

the DLC-Si coatings with deposition temperature.
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Fig.4.3.6 Change in composition including hydrogen of some DLC-Si

coatings in Fig.4.3.5 with deposition temperature.
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Fig.4.3.8 Composition excluding hydrogen measured by EPMA of the a-C-

Si-H coatings plotted against C-to-Si atomic ratio in the reactive
gases.
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F1g.4.3.9 Composition including hydrogen of the a-C-Si-H coatings

plotted against C-to-Si atomic ratio in the reactive gases.
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Fig.4.3.10 Carbon and silicon contents plotted against chlorine content
in the DLC-Si coatings.
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Fig.4.3.11 Laser Raman spectra of the DLC-Si coatings deposited at

various temperatures and the DLC(B) coating.
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Fig.4.3.12 Dependence of friction coefficient of the DLC-Si coatings on
deposition temperature, (counter material, SUJ2; applied load, 6.2N;
sliding velocity, 0.2m/s; unlubricated: @, initial value; (), stable

value).
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Fig.4.3.13 Friction coefficient and laser Raman spectra of the DLC-Si
coatings with different chlorine content, (counter material, SUJ2;

applied load, 6.2N; sliding velocity, 0.2m/s; unlubricated).
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Fig.4.3.14 Friction coefficient plotted against chlorine content in the
DLC-Si coatings, (counter material, SUJ2; applied load, 6.2N; sliding

velocity, 0.2m/s; unluricated: @, initial value; (), stable value).
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Fig.4.3.15 Laser Raman spectra of the Si-C, Ti-C and Ge-C coatings with
excess carbon, (a, Si-8lat.%C annealed; b, Si-78at.%C as-deposited; c,
Ti1-87at.%C as-deposited; d, Ge-91lat.Z%ZC as-deposited: The carbon contents

are the composition of coatings excluding hydrogen).
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Fig.4.4.1 Schematic friction coefficient of some low friction materials

expressed with relative humidity in air or gas.
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Table 4.4.1 Deposition conditions for DLC-Si coatings.

Gas flow rate CH, 50 cc/min
SiCe, 3-4 cc/min

H, 750 cc/min

Ar 500 cc/min
Base pressure 1.3x107% Pa (1x10™* Torr)
Working pressure 530 Pa (4 Torr)
DC voltage 280,400V
DC current 0.7,1.7TA
Deposition temperature 573,823 K (300, 550 ¢)
Deposition time 1.5,3.6 ks (25,60 min)
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~ DLC-Si in humid air
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Fig.4.4.2 Friction coefficient of the DLC-Si coating against steel with
no lubricant in humid air with 50% relative humidity and optical
micrograph of the wear track on the steel disk. Characterization was
done for the wear debris by EPMA, FT-IR and laser Raman spectrum.
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- DLC-Si indry N2

04t
k 0.03
02t
0 n I Il 1 M J
0 8 16 24
Sliding cycles (x103)
5.5%C, 0.4°,0, 0.7°Si, Cl -
Graphite -like
carbon
C-H
H20 m
| T A S SR 1 1 1 | | T Y S (S TrmT T W07 MO U |
4000 2000 1200 400 2000 1500 1000
Wavenumbers (cm-1) Raman shift (cm-1)

Fig.4.4.3 Friction coefficient of the DLC-Si coating against steel with
no lubricant in dry nitrogen and optical micrograph of the wear track on
the steel disk. Characterization was done for the wear debris by EPMA,

FT-IR and laser Raman spectrum.

—164—



DLC-Si in dry air
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Fig.4.4.4 Friction coefficient of the DLC-Si coating against steel with
no lubricant in dry air and optical micrograph of the wear track on the
steel disk. Characterization was done for the wear debris by EPMA, FT-IR

and laser Raman spectrum.
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- DLC-Si in vacuum
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Fig.4.4.5 Friction coefficient of the DLC-Si coating against steel with
no lubricant in vacuum and optical micrograph of the wear track on the
steel disk. Characterization was done for the wear debris by EPMA, FT-IR

and laser Raman spectrum.
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Fig.4.4.6 Friction coefficient of the DLC-Si(Cl) coating against steel
with no lubricant in humid air with 50 % relative humidity and optical
micrograph of the wear track on the steel disk. Characterization was
done for the wear debris by EPMA, FT-IR and laser Raman spectrum.
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~ DLC in humid air
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Fig.4.4.7 Friction coefficient of a DLC coating against steel with no
lubricant in humid air with 50% relative humidity and optical micrograph
of the wear track on the steel disk. Characterization was done for the

wear debris by EPMA, FT-IR and laser Raman spectrum.
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Table 4.4.2 Friction coefficient of the DLC-Si, DLC-Si(Cl) and DLC

coatings against steel with no lubricant in different atmospheres and

analyses of the wear debris on counter steel.

Coatings ] Composition (X-ray intensity 9%§) FT-1R Laser Raman
Atmosphere C (0] Si C¢ Fe
DLC-Si
@ Air 0.06 1.3 3.3 2.2 0.07 T74.9 H:0,0-HSi-0,(C-H) Graphite-like C
@ Dry air 0.03 5.6 2.8 2.5 0.03 71.6 \Unclear Graphite-like C
® Dry N. 0.03 5.5 0.4 0.7 0 76.8 C-H(Si-0) Graphite-like C
@ Low vacuum 0.4 8 1.4 0.2 0.9 0 8 1.7 C-H(CHg CHy), (Si-0,H;0) Not observed
DL C-Si(Ce)
® Air 0.12 0.7 2.8 1.5 0.2 7TT7.0 H0,0-HSi-0, (C-H) Unclear
® Dry air 0.03 16.7 1.8 3.5 0.1 5 6.2 Not measured Not measured
@ Dry N 0.02 Not measured Not measured Graphite-like C
DLC
Air 0.31 0.1 3.3 - - 79.2 Unclear Not observed
® Dry air 0.03 3.1 1.1 - - 6 5.0 Unclear Graphite-like C
@® Low vacuum 0.2 8 1.0 0.1 - - 8 2.7 Not measured Not observed
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Fig.4.4.8 Schematic low friction mechanism of the DLC-Si coating

without lubricant in humid atmosphere.
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Fig.4.4.9 Optical micrograph of wear scar on uncoated ball rubbed with
the DLC-Si coated disk which resulted in low friction coefficient of
0.03 and FT-IR spectra for the wear debris.
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Table 4.4.3 Change in friction coefficient of the DLC-Si and DLC

coatings as well as steel substrate against steel by lubrication.

Material 1 against steel(SUJ2) with lubricant
None 0i1(ATF?) Vater Ethanol
DLC-Si 0.05 0.09 0.05 0.09
DLC 0.2 0.08 0.09 0.09
Substrate 0.9 0.09 0. 08—0.5 0.13—0.37
(SKH51)

1 Automatic transmission fluid.
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DLC-Si coating
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IO.1 mm

Fig.4.5.1 Optical micrograph around the indentation formed by Rockwell
C scale hardness tester for the DLC-Si coating with 2pm thickness
deposited on SKH51.
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Fig.4.5.2 AES elemental depth profiles by argon sputter etching for the
DLC-S1 coatings deposited on SKH51 (upper) and pure iron (lower).
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Fig.4.5.3 AES elemental depth profiles by argon sputter etching for the

TiN coatings deposited on SKH51 (upper) and pure iron (lower).
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Fig.4.5.4 Optical micrographs around the indentation formed by Rockwell
C scale hardness tester for the DLC-Si coating with 2pm thickness

deposited on pre-plasma-carburized SKH51.
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Fig.4.5.5 AES elemental depth profiles by argon sputter etching for the

DLC-Si coating deposited on pre-plasma-carburized SHK51.
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Fig.4.5.6 Change in composition excluding hydrogen measured by EPMA of
the a-C-Si-H coatings deposited at different temperatures with Si(CH;),

flow rate at a constant CH, flow rate of 50cc/min.
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Fig.4.5.7 Laser Raman spectra of the DLC-Si coatings with over 80at.%
carbon deposited at 473 and 573K.
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Fig.4.5.8 Dependence of friction coefficient of the DLC-Si coatings
formed by different reactive gases on deposition temperature in the
ball-on-disk test, (counter material, SUJ2; applied load, 6.2N; sliding

velocity, 0.2m/s: unlubricated).
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