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Microstructure and Mechanical Properties of Cr-O-N Coatings Synthesized by Arc Ion Plating

Z F: CON IZ”%e 320X AP Cr203 SbdA9S 4oz 800CT7A 7AHEEE #AT + 3l
th. B AFAE Ar, N2, 283 O 7} £9)7]o|A AIP(Arc lon Plating) 7ol o3 thFa =49
Cr-O-N ®=teh-g Si(200) % AISI 304 7] 9o S&2= Atk Cr-O-N IR 474at% w|7He] AFAgds X3
g W71 x] BI7ZE FAsA ZEY W A4S 24.6at%o A= 733 XRD peak intensificationg VEF L
th 474ath e AALES W ZolE F gle HolFRE YA, 1 o] i e Cr203 4
A4S YAtk Cr-O(17at%)-N 24 o] e ete A= (200)8] F9] Grain 7] $7F € E53F-8Ho| 7t
shglon), I o ge] AxglAE HA w2sArh CrOR4bath)N 4o mHuto] 7Hd B AEE 1}
B, Aadael FHRSS HA Pabd shAEAS B
1.4 8

to
Ll

e
2
jins
rﬁu
o}
o
>
rir
ox
>,
o
tlo
olN
N

i

A77) 98l o w3 GdE A
9

stk oleld aFAFE FFE BAASE AW ABANLR olojgEw, o
1 =
PN

_g]

Az ero] @75 o)A
1;H =

AEZE= Al S, Mo 5

S off
SN

—

°

5ol Itk AR nE g FHEHE B LES A 9 TiNo| 13
Aoz 2e Hggol B GN A Zuvto] B ojd A Arel & 4 AT CGNe wedd AU ®
W Cr203 & A Cr203+= gabdx|eto g 283 HA] Y& OGN a9 7|48 ZZE& FAAZE ¥ o}
Ul K. chang et al.o] A Aoz ZHgso] Wastds A Fgdeo A Cr-O9 Cr-N ztzhe] 2
g4e NaCl 3 Rhombohedral #+%E 7}A]7] wj&o] Cr-O-N FHEL nano crystalline chromium-nitride2}
amorphous or nanocrystalline chromium-oxide® 4] & oo} 3o A SIA W 2 2% #AHA E uf, -PVDH
SlNE AR w1t Zejenl Aol TadolA Aolnd Ay U Aol WAGE o By
whgol WAFY- 184 CrONo| W50l & Aol B AdelNE ¥ olesuAz & de AP Y
o2 CrON @gso] AzHgor, Fehan HHYA FHE £ w84 CrON uetel Jls4% 1 48
WAUZE laA @k,

off
L
05

|

>

) 22 = % 1 CrONs| Z3=4
21 A3 U Base pressure 3.5%10"-5 Torr
1= [e] SIe)
33E7 C_r—O—N FEE N2, 02, 72]a1 Ar 7k~ &3t Working pressure 2.0x10"-3 Torr
AE o]&3la] AIP(Arc Ion Plating) 7]l 2]3] Si(200) Reactive / Inort eas tafio —
3} AISI 304 7]9+9)e] ==k Cr Arc cathode gun v gas I :
I Aol 7153 FAAH AAYE F 00ecm+F] Az 02/(N2+02) Gas ratio 0~1
= fA% Utk 242 )we 087 oHIE W 2 Atc_current 500
L2 259 MAsgY. SEE2ALe % 19 YeERHAT- Substrate bias voltage ov
Deposition time 60min

. =
O 18 gegt 4bA g 2 Cr-O-N Z®Y9 X-A 34 deds vepdth Cr-O-N ZE e 47.4at%
ugke] A ES 23 W7hA] Bl7EERE ARG TR Ul 2basEF 24.6at% A= 73 XRD peak
intensificationg YEF A, AL 17atho A= CrN(200) peakE. ) -053%+HEF A zto 2 o]F3tch wbA
A 24.6~ 35.0at% Mo FETAE CrN(200) peako] +0.127+2 3 E-H 1 fR 8 A4S Btk 1
g 2. oME A4 474at% v vre] CrN(200)peakS ulElo 2 A28 Grain sizeE YERHQITH A% e
17at% 7} A Z7}Fsle whd, 1 o] el AAastHEo s A&EFH QU A4S Ho|thrl Rhombohedral phase® W 3l3}l
Ak o)y A5 vz B o, AAFH 17at%h 74 = Cr-N9 NaClAzF U AHA&AA7 18402 E4
ot B ¢ ok AT o] 17at% S 2342 grain sizes AxF A4St AT 47.4at% o A= XRD EA]
o= F ¢S A=Z 2 graino] FAFUTH AFHEh o] A2 Grain boundaryo]| #AYs}= H
Z7}sto| 4] 7]913F solute-drag effect wj&9| =8 1¥3.9] A= laser method(angle of reflection)
P RS Y-S e ok RS He W 3k Yol AW GB.o HIAZAY FUME
At A2 17ath7h A FE@F-EH o] Frtske=d], ol GN Ax YREZ O7F 12850 E9j717]
Joh 2FAa%EF 17at% 27 FHdAe 45 FFsdge] I3 ¢3td). o)A Grain size7} 7HA-Fol] uwh
Zyzke} Graine] =7]& HIEWA o] F7}8tA Ha, mEtA Grain #He|Zbo| Xt e 183 O7F HA
B.2 FtEo] o] wiolth 18 45 T vi AEAE AESIY O o) ufE Cr-O-N ZHuhe] vl
AE W3ts yehdh 09 FaFo] 24.6at. %004 Hdl Zx<Ql 2880HKE Yelgdet. ol 44 59 1§
738l a3, o83 GB.ol gA4E vgAdoZ A3 Grain size 7HAol o3 AW HEch 4, 1 o] AA
Foll= vgAde F7H2 ldl Dislocationd] o]Fo] YEIAAHA AZrt 7HAse AFS vehdoy 1
5.9 a2 Cr-O-N Z 8 gte] tfgk XPS Fitting ¥4 225 Yeldiddoh @ U A4 gEe] 71845

~
oY,
"

\

O:
e 00, e

it
ol O
ot

=

QL
>

Mo 2 o g
[o]

Br O 2 i o ot

N

4l

3]

ook

o

-192-



CrO2, Cr203 <fo] Z7F3la AA Spectra} HA =& AFFoUA 202 o]Fsldtt 18 6.2 Steel balls
AUl Az AFEste] O g3 & Cr-O-N9| vl AIFE Yeldith O g3Fo] F71stel wet vpdAss X
asted, ole vAAANY Z71E <13 Rege XWY ] F9 H209 wke3dte] zr|adyt 988 3
E %9 stEo] 47 ool

40
. / \‘
—_ .
£
CrN(111) (200) = *
* * ry
Oxygen [
xrp:ase contents % %
Cr203(012) (104)(110) (©24)  (116) £
. o e (R £
[N W W N — cr-o o =
H
L - 474 at% 1
H
= | 35.0 at% 0 17.0 24.6 29.9 35.0
5| i b @ Oxygen contents [ at% ]
2 1
z 1
< j b | e g9 2 A4 ghEre] @WE CrN(200)9] Grain size
% : = . ArAac o] puy
=

24.6 at%

17.0 at%

Bl
_
1
/;

0.10 at%

X A
Subgtrate Substrate  Substrate
Si(200) Si02(-181) Si(400)

|
Residual stress [GPa]

20 30 40 50 60 70 80
Diffraction angle [2theta]

29 1. o 22 o] 2 Cr-O-N XRD patterns \

0 17.0 246 299 35.0
Oxygen contents [ at% ]

o

a9 3 24 FFo] BE CrO-Ne| BFSY
3200 ez (525?@\4 (5:%?@) (t%%v; (57%2@)
3000 I o
:
20 J\I Commm e |
2600 1 5 - o0 stk onygen |
I £ 505
‘(; 2400 I ‘(; £ " 010 2% oxygen
g 20 | g [mmmemn]
',g I = =y
IZOOO J J
1800 E I
1600 | N ~
% % % oo o S et e ’ T e
Oxygen contents [ at% ] 595 5% 585 580 505 570
~ Binding energy [€V] a3 6. A& %}E]:oﬂ EL]-TE: Cr_O_NQ,]
a% 4 2% FFe] BE Cr-O-Ne ) S T A~ wa
AR W a9 5. k& g mE Cr-O-N9 FEA S st
o - - = =
. EEEECEE
3. 4 =
AIP 7190 938 thekdt Akxg S A 34874 Cr-O-N z:Elgto] A E Tl XRD, Residual stress tester,
Knoop indenter, tribometerE A}-g&3}e] zhzho] :E]wH] Rz

248 PO, Wag Meathol M HF Ee
Z=E Sk o W9l 3% WAUZE nEAZS 3 GBo) MFAY I GEOR HNHAT. W v
A5 A, 2P0l ZAFLEE OS $5F 54S BI

rr

B A7 shehs e R 2ok A AE NCRC 2203 (R15-2006-022-01002-0)¢] A1 91.0.2 o] ol
A%yrh
FaEd

[1] Ku-Ling Chang, Shih-Chun Chung, Shih-HU}%& Lai, Han-C. Shih, "The electrochemical behavior of thermally
oxidized CrN coatings deposited on steel by cathodic arc plasma deposition", Applied Surface Science, 236, 406, (2004)
(2] L.Castalo}, D. Kurapov, A. Reiter, V.Shklover, P. Schwaller, J. Patscheider, "Effect of the
oxygen content on the structure, morphology and oxidation resistance of Cr-O-N coatings", Surface and Coatings
Technology, 203, 545, (2008)

[3] C. Gautier, J. Machet, "Study and elaboration of ternary chromium based compounds (Cr, O, N) deposited by
vacuum arc evaporation", Surface and Coatings Technology, 94, 422, (1997)]

[4] M. Urgen, V. Ezirmik, E. Senel, Z. Kahraman, K. Kazmanli, "The effect of oxygen content on the temperature
dependent tribological behavior of Cr-O-N coatings", surface and coatings Technology, 203, 2272, (2009)

-193-





