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Abstract

Cr-Si-C-N coatings were deposited on steel substrate (SKD11) by a hybrid system of arc ion plating (AIP)
and sputtering techniques. From XRD, XPS, and HRTEM analyses, it was found that Cr-Si-C-N had a fine
composite microstructure comprising nano-sized crystallites of Cr(C,N) well distributed in the amorphous
phase of Si;N,/SiC mixture. Microhardness of Cr(C,N) coatings and Cr-Si-N coatings were reported about
~22 GPa and ~35 GPa, respectively. As the Si was incorporated into Cr(C,N) coatings, The Cr-Si-C-N coatings
having a Si content of 9.2 at.% showed the maximum hardness value. As increased beyond Si content of
9.2 at.%, the interaction between nanocrystallites and amorphous phase was gone, the hardness was reduced
as dependent on amorphous phase of Si;N,/SiC. In addition, the average coefficient of Cr-Si-C-N coatings
largely decreased compared with Cr(C,N) coatings.
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th CIN, Z82 kst Z-HF Y (DC magnetron A& FHojA 2 glor, dWtH o R Cr-C-N &=
sputtering, Unbalanced magnetron sputtering, Arc 5742 Carbon3} Nitrogen®] ZAo| ZA H&&
deposition)°l] 9|3t FAJHolA o, FAHFTA W=tk BaE A e,
o W ZYHe] ATz " 7AA 54, vat S FH A77F AW H I U= Cr-Si-N FZEE
2 54, Was B4 2 WRA S0 #ek 3 < YeE3A B4 st 49 Superhardz}
38 A7) o] FoH T L3 A, HZo Bodgtst oF 35 GPa ©|4e] 3174 % (superhardness)
= CIN, &8 AL C, Ti, B 5 7%t Cr-X- g st Aoz JdEA 3o, i WiskdE ¢
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Row, vARAF SN, At +2F {FAES
AAARE Atole]l Az} FAT(lattice mismatch)S
43N 7] 5L He Aol 4] (cohesive energy)E 7}
AA sto 2 ARYA ZSHgrainboundary harden-
ing)E Ty A Aok

2 Aol BHE BE olesed BAd ¥y

o BAdlE 9 E¥4 ¥ 294 JehhE of

ZoleBeold )&% 2HET 7% YW &
=

olBg|= F® A]2H(hybrid coating system)S ©|
&3t Cr-C-N3# Cr-Si-N ZHute] 37| tg &
kAl Mde] Cr-Si-C-N ZHEHE AA|, 3k,
Aojx V=AY Si FAlo WE AR, A2
A4, 318k A 2 J1AH EHE RASHL
132
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2.1 Cr-Si-C-N gte| &y

Cr-Si-C-N Zg=-& WC-Co EA] ¢l Ar/N,/CH,
EG714E 21438t AlP(arc ion plating) WH 3}
o2 EE A3 E %(DC magnetron sputtering)
He AFAZ FolE = =Y A &H(Hybrid
coating system)& ©]-83t FABIAIL, stolEI=
2y Alz"o) gigd A HFEE oY AT
ol A ACH,

7o)l 20 mmo]x FA7} 3mmel disk FENZ
A WC-CoB BAR AN, AHez ¢
ol 3 2087 oldE 2 EISE 253 AAA
Hom, 22 2 thA] bias —600 VE 32 Pa®l Ar &
71X 1587F ]2 A& (ion bombardment)S Al
sl IR YA YT ARES AXY sk
t}. Cr&229] arc cathode gun} Si2=2] DC sputter
gund Hwje] Z Wwe| HXEHJL, F 718 gun
Abolof] FHo] 7Hsgk & AlH A A t)(holder)E

Table 1. Typical deposition conditions for Cr-Si-C-N films
by hybrid coating system

933 x 10° Pa

Base pressure

Working pressure 6.67 x 10° Pa

Working gas ratio CH,/ N, = 25/45 sccm

Arc material Cr (99.99%)
Sputter material Si (99.99%)
Arc current 50 A
Sputter current 0~24 A
Substrate temperature 300°C

Rotational velocity of substrate | 25 rpm

Typical deposition rate 2~2.4 pm/h

A8}, Arc gundt sputter gunS ZHE] AJHEZ]
AP7A e Age 22 350 mm$}t 250 mmolth.
Ar(99.999%) 7t sputterEbll X2 AF A
s, WEh99.999%)3 REEA4 bR A
(99.999%)8) £FH 7t ARAAY ZAZ fF
et & selBs Iy A2YE ARE Cr
Si-C-N wjgt ghge) $2 2742 % 19 Yephith

=

2.2 Cr-Si-C-N gte| g4 %7}

Fgge Fre EH FeH e FAAEYA
(scanning electron microscopy, Hitach, S-4200)3t
42 FA 237 (o-STEP)E ZA sttt ZH 9
9] Cr, Si, C, No] 2AHe A= &3 nF £4
7)(electron probe micro-analyzer, Shimadzu, EPMA
1600)2 2331, Cr-Si-C-N ZH o] AAA &
Belslr] st Cuk, A& o8 XA 34 &
Mg AAsgTt Cr-Si-C-N I8 ute) gy A
el BFs] fste XA FHA £33 (Xoray
photoelectron spectroscopy, VG Scientifics, ESCALAB
250, KBSDS AHg&tsict. Zguhliel AA ¥ =7
£ 200kvel HAAREY T3 AT A(field
emission-transmission electron micro-scope: FE-TEM,
JEOL, JEM-2010F)2.2 24 #asielz, Fegte]
& 1xZ9 AHE A Sk Aok 3] (selected area
diffraction pattern: SADP)#} F¥3l%5 T3 2} &
u] 73 ¥ (high-resolution transmission electron micro-
scopy: HRTEM)S ©]-83te] £431% T}

Fguke] u)47EE Berkovich diamond indentor
7t AFE AFE A shed v=ddE oA
(nanoindentation, MTS, Nanoindentation 1I)& AH§
she] A4 WA (continuous  stiffness  method:
CSM)L.2 oo me} S48kt

ohas sS4 DEE] dsk] AYH
ball-on-disk& A&ttt vk2 Al 1 N9 3
3l 0.2 m/s2] sliding speed= Wsted g om, A
PRAORE £EE % 25°C, HX(28~32%)°14]
g)ate] Hor, Steel ball(Z73 6.34 mm, FF74=E
700 Hyo)S AThA(counterpart materia)® A8
At

3. 4xn 3 nE

a8 12 Cr e 7ske ARE 2R (50A)
7132, Si EMlY) 7FH= DC sputter AFES HIHA
718 FA4AIZ Cr-Si-C-N ZE 9] Sie] st
Cr} sie] 24dule] Wsls yepdo. Cr-Si-C-N =2
guhf o) sio] S DC sputter AFE 0-2.4 A
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Fig. 1. Si content and Si/(Cr + Si) ratio in Cr-Si-C-N
coatings as a function of d.c. sputter current to
Si target at fixed Cr arc current of 50 A.
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Fig. 2. X-ray diffraction patterns of Cr(C,N) and Cr-Si-
C-N coatings with various Si contents.
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Fig. 3. Interplanar distance, dyy, of (200) crystal plane
as a function of Si content.
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Fig. 4. High-resolution XPS spectra near the binding
energy of Si 2p for Cr-Si-C-N coatings having
various Si contents.
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Fig. 5. Cross-sectional HRTEM images, electron diffraction patterns, and dark-field TEM images for Cr-Si(9.2 at.%)-

C-N (a, b)and Cr-Si(15.6 at.%)-C-N (c, d) coatings.
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Fig. 6. The microhardness and Young’'s modulus of Cr-
Si-C-N coatings with Si content.
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Fig. 7. The average friction coefficients of the Cr(C,N),
Cr-Si(9.2 at.%)-C-N, and Cr-Si(15.6 at.%)-C-N
coatings against a steel ball.
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