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Study on Wear Resistance of AISI 304 Stainless Steel Arc-coated TiN/CrN
Multilayer Films
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Abstract
In this study, the TiN/CrN multilayered coatings were deposited on AISI 304
stainless steel substrates by cathodic arc deposition (CAD) system with the different
rotation rates (1,2,4,8 rpm), and then coating morphology and structure were analyzed
by using SEM, XRD, and TEM. Using nanoindention tests to measure hardness and
elastic modulus as well as wear tests to obtain friction coefficient were performed for
understanding wear behavior of coated AISI 304 stainless steel. The results showed
when the rotation rate was set at 4rpm, theTiN/CrN multilayer obtained not only had a
dense structure, smallest surface roughness (Rq value = 0.328 um ), the best adhesion
(HF1), but also a higher hardness (25.8GPa) and higher Elastic Modulus (217.6GPa),
so that the coated specimen could reduce the friction coefficient (0.78—0.55) and
increase wear resistance.
Keywords: Cathodic arc deposition, AISI 304 stainless steel, TiN/CrN multilayer,
Friction coefficient

1 mrs WU BE AR R an ~ PRERCH

AISI 304 EESH N ELff R 2y Bas A (1] AMEE L > A5
B ~ TN (RORGREATIIIEE > SRS e AR5 > AER/KEE
i H s r e B IR SR ~ MRS - BUKES RS TART > REZA


Pu-Chiu
Typewritten Text
B18


{E38(Cr0:) 5 Zh 3 A FLEIIR 52 >

NELAIST 304/ iR ARG S A iR

FLRE R R it PERE R M T RE AT
FEE T EZRPERK - Bz ah
BhAEFEFRR IR g = 2-3]
i A AR 2 AIST 3044 i §i] - & FH

T

il

KT EEY > EH R E 22
&g 5/l(Cathodic arc deposition, CAD)#
fla > ££ AISI 304 A EE G 2R R
BEREE - FEDUEFIRESEZ B - B
B s T A 78 Y H RS A Ry (T,Cr)/N
ZHokZ gl - BEITERRE R
i B R B R R R - 2
o FL EAET T Ry o
2. EERLER

2. Uhp el

ABI 7T R F Y B B A Ry v FH AISI
304 JRETHES A~ EES - HalR KN
HY E40mmx20mmx 1.2mm » 37 1| B fE S
JELEE 73 #1446 (GDS) 73 i fite 38 HA L 2240
il o IATEE R B TFEAISI 304 AR
TR (4] 505 Al Table 1 -
Ry 7 BEINSEREHII Z 0 i B
HRFAISI 304 A EE S FRE RS Fif e &L i
JEE ~ S5~ TE R SRS AR o DA
REKPERA < 5\ 7 RIARREAY — 200 -
FEEAEEEERFEARL o
# o DU R R RIAFEEN ALY -
MG R s BRI = - et
R R LA B ZERERE N #1TCAD
e R o

Table 1 Chemical compositions of AlSI
304 stainless steel.(wt%)

Element Fe C Si Mn Cr Ni w
W% Bal. 0.045 0.50 1.28 18.52 8.14 0.045
Element Mo S \% N Cu Al P
W% 0.3 0.002 0.172 0.035 0.50 0.02 0.035
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Table 2 CAD processing parameters for
TiN/ CrN coatings in this study.

Parameters Values

Target : Cr (o0 5wt.%) and Tiag sut.9)
Cathode current : 60A and 55A
Working pressure : 2.7 Pa

Ar+ Bombardment : -700 vV
Substarte bias : -100 V
Substarte temperature : 200~230 (C)
Rotation rate : 1,2,4,8 rpm
Target to substarte distance : 150 mm
Deposition time : 40 mins
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Fig. 1 Cross-sectional micrographs
(50000X) of the TIN/CrN coated
specimens :(a) TiCrN-1, (b) TiCrN-2, (c)
TiCrN-4, and (d) TiCrN-8.
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Fig.2 XRD pattern of TiN/CrN
multilayered coatings
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Fig. 3 Cross-sectional TEM images of
the TiN/CrN multilayered specimens: (a)
TiCrN-4, and (b) TiCrN-8
Cross-sectional TEM images of the
TiN/CrN multilayer deposited at 4rpm:
(c) bright-field image, and (d)dark-field
image. (e)TEM selected area electron
diffraction pattern of the TiN/CrN
multilayer (4rpm)
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Table .3 Adhesion strength quality
(ASQ) between the substrate and the
coatings.

Specimen TiCrN-1 TiCrN-2 TiCrN-4  TiCrN-8

HF level HF1 HF1 HF1 HF2

Table .4 Hardness and Elastic modulus
of the coatings.

Specimen TiCrN-1 TiCrN-2 TiCrN-4 TiCrN-8
H(GPa) 22.42 23.66 25.79 18.79
E(GPa) 210.03 214.64 217.61 194.82
H/E 0.099 0.101 0.103 0.094
(@) (b)

(©) (d)

Fig. 4 Fractured surface morphology (80X) of the coated
specimens by the Rockwell-C adhesion test : (a)TiCrN-1,

(b)TiCrN-2, (c)TiCrN-4, and (d)TiCrN-8.

FEEREERET - AR 2 R
R EEREEL - ERE-FHEE
ki AR R > SR
EpGRErVERS (7] © S5—(ERAA
= ZEEN B PR T 1k
HEE Gk - M e E AR AN
BB BEAEE - WIH I ERRER
ABRIEEE S - AIRERA S -
s pBE fE B AR © AWFFEAOR

BRI LASOMNEYFT EE - BRI R EAE
0.2um » KRG R SR +57 2 — > Atk
A R] e 0 B S o 2 B A e e T
FIFEPE(REL > ALY Table 4 -

3.5 EEFEABRIAT

AWt gE A R R By
Ball-on-disc  » A I 5 12 3% i X
BREAEVE(L - BTG B R A
PR - s BB R R EEAMZE
77~ EEETI LR R AR S © 5951
FEE A ERTL - (EHISEM BiZ L%
HE AL - Fig.5 R R (R B R ]
fese bl - Fig.6 FIJ R & PR R sl B 12
SEM BZEZH A Z KRB - nLI%
R R BB DA = (89 70.78)
FEHRT R IR N R A B s JB S 4
s B BN E R PUIERE
M#% ETIN/CINZ % JE st R - HoBEE
HEUE R E0.6~05 2 » HAEH
ra I T K R AR A S e (R A
TEMEEE GRS LIEEAISI 304 A
RSN EAREEE -

-

0.9 AISI 304

Friction coefficient

T T T T * i
0 500 1000 1500 2000 2500
Time(sec)

Fig. 5 Comparison of friction coefficient
among the substrate andthe coated
specimens.
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Fig. 6 Surface morphologies of the
substrate and the coated specimensafter
ball-on-disc wear test. (a)AISI 304,
(b)TiCrN-1, (c)TICrN-2,(d)TiCrN-4,
and (e)TiCrN-8.
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