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Fig. 1 Cross sections ((a), (b), (¢)) and surface morphologies ((d), (e), (f)) of AITiIN coatings deposited at different bias voltages:

(a), (d) 20 V; (b), () 40 V; (¢), (D 80 V
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Fig.2 AFM surface morphologies of AITiN coatings deposited at different bias voltages: (a), (d) 20 V; (b), (¢) 40 V; (¢), (f) 80 V

*—c-TiN
= —c-AIN =
v—Fe g S
—Tj 8
S0V o
40V
: 20V P
40 50 60 70
20/(°)

B3 K[ AITIN %2 XRD i
Fig. 3 XRD patterns of AlTilN coatings deposited at different

bias voltages
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Table 1 Hardness (H), elastic modulus (E) and H*/E® of
AITiN coatings
Bias voltage/V H/GPa E/GPa H/E*/GPa
20 21 280 0.118
40 31 400 0.186
80 36 475 0.206
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Fig. 5 Wear scar morphologies of AITiN coatings deposited at different bias voltages in dry environment: (a), (d) 20 V; (b), (¢) 40 V;
(c), (H 80V
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Fig. 6 Wear scar morphologies of AITiN coatings deposited at different bias voltages in cutting solution: (a), (d) 20 V; (b), (¢) 40 V;
(c), () 80V
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Table 2 Corrosion parameters of AITIN coatings and high 41250, B3 AL B S R 3. SRR g
speed steel (HSS) in weak alkaline solution (WK 8(a)H4dilEl), Ry B I Rooae AURIZHLFH,
Bias voltage/V  Jon/(Acm D) geon/V  Ry/(Qrem?) FALRIZARG TG Ocon MIRIZHIAS: Ry HH
20 898X10° 0293  1.69X10° T RE HARH, A8 Tl SR A S T A A 1 J A 7
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Kl 8(a)~(d)Fr7 A A [E i s B il 45 1K) AITIN ¥ )2 > ol 80V
1E pH 9.0 % HH¥2¥ 30 min J5 ) Nyquist K F1 Bode E R
. 1 Bode EIH/%Il, AITIN ¥R2/EHMIARLAE 10 8 o4
kHz~0.01 Hz JEMZ N B EHUIR, AHiolf B
1 AR 5 b A 1 LU IR, BT 2 Aok, -0.8}
DU AR 68 b Pk RERR AT o BN IR S R T4 AITIN s | | |
WRIZIG, AITIN U2/ A N AR R I A DT B 8 1 =9 =7 =5 -3
K S fRIEN 20 VI, RIS A 4R34 4 it IgiiCArent™)]
K, GLHIILR v R d - 7 AITIN AR 550 v P R Al A it 26

H T8 B FUAS R R R A AITIN 6200 i Fig. 7 Polarization curves of AITiN coatings in weak alkaline
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Fig. 8  Nyquist diagrams ((a), (b)) and bode diagrams ((c), (d)) of AITiN coatings in weak alkaline solution (Insert in Fig. 8(a) is

equivalent electrical circuits)
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Table 3 EIS data obtained by equivalent circuit simulation of substrate and AITiN coatings

Bias voltage/V RJ/(Qrcm?) Reou/(Q-cm?) Ocon/(F-cm ?) Ro/(Q-cm?) Ou/(F-cm™?)
HSS 3470 7469 3.95X10°° 3556 1.23X10°7°
20 778.2 1.31 X107 457X107° 2.46%X10* 5.93x10° "
40 673.7 2.48%X10° 450X 107 9649 225%1071°
80 1264 1.09x10° 3.46X107° 1.36%x10* 7.41%x107"

Ry 23500 1.31 X107 F1 2.46 X 10* Q/em?, &1 Tk /&
M A0V (Reoa=2.48 X 10° Q/cm?®, R.=9649 Q/cm*)#ll 80
V(Reoa=2.48 X 10° Q/cm?, R.=9649 Q/cm?)] AITiN ¥
JENREANAAR R o XA TR R (20 V), &8 &
ARG, AITIN WRZR AR 2 BA RV 584214
J& AL WO, Al ALY BAT REFrslifetine, wrLA7ESy
BRI R A, 3 AITIN V2 i 808 1 R 3
PERERT, Mifi IR 40 V EFEIEK AITIN 329, B1E
FEAEARIR BN B 1(b)), A BTn] BLVE ShFHB N,

M PR 22 s Mk 80 VIS 1] AITIN W2, WRER
T R B (LK 1(c)), (HILERT AL Fr i, i il

YERE— .
3 #it
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Effect of bias on structure and properties of
AITIN coating deposited on high-speed steel

NIU Rui-li"*?, LI Jin-long', LIU Shuan', WANG Yong-xin', SHI Wen?, CHEN Jian-min'

(1. Key Laboratory of Marine Materials and Related Technologies, Zhejiang Key Laboratory of Marine Materials and Protective
Technologies, Ningbo Institute of Materials Technology and Engineering, Chinese Academy of Sciences, Ningbo 315201, China;
2. School of Materials Science and Engineering, Shanghai University, Shanghai 200012, China)

Abstract: To improve the microstructure and mechanical properties of high-speed steel, the effects of bias on the
mechanical performance, tribological behavior in cutting fluid environment and electrochemical corrosion behavior of
AITiN coatings deposited on high speed steel by arc ion plating were investigated. The morphologies, phase structure and
hardness of AITiN coatings under different bias were measured by SEM, XRD and Nano-Indenter, respectively. The
tribological properties and corrosion resistance of AITiN coatings were tested by reciprocating friction tester and
electrochemical work station. The results indicate that the hardness and wear resistance are improved significantly with
the increase of bias. When the bias voltage is 80 V, AITiN coating with compact structure displays good tribological
properties in both air and cutting fluid environment. When the bias voltage is 20 V, AITiN coating exhibits better
corrosion resistance in weak alkaline environment.

Key words: AITiN coating; bias; tribology performance; corrosion resistance
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