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ABSTRACT: The work aims to compare the microstructure and properties of TiN/TiCN/AlL,O5/TiN and TiN/TiCN/ALO5/

TiCNO multilayer coatings. The two kinds of multilayer coatings were deposited on cemented carbides by chemical vapor
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deposition. The microstructure of coatings was characterized by X-ray diffraction (XRD) and scanning electron microscopy
(SEM). The nano-hardness and elasticity modulus of top-layer were measured by nano-mechanical testing system. The
micro-hardness and adhesion strength coatings were tested by micro-hardness tester and scratch tester, respectively. The friction
and wear properties of coatings were investigated by reciprocating tribometer. The grains of TiN and TiCNO top-layer displayed
columnar and needle-like morphology, respectively. Compared with TiN top-layer, TICNO top-layer had higher hardness and
resistance to plastic deformation. However, the surface roughness and friction coefficient of the multilayer coating with TICNO
top-layer were higher, and its adhesion strength was lower than the multilayer coating with TiN top-layer. When the wear took
place in the top-layer, the wear resistance of multilayer coating was determined by the performance of top-layer. The wear
volume and wear rate of TiN/TiCN/ALO3/TiN coating were 1.2 times of TiN/TiCN/AL,O;/TiCNO coating. When the wear
occurred at the interface between top-layer and Al,O; layer, the wear resistance was also affected by the adhesion strength. The
wear volume and wear rate of TiN/TiCN/A1,O5/TiN coating were 82% of those of TiN/TiCN/Al,O;/TiCNO coating. Compared
with TiN/TiCN/AL,O3/TiN coating, TiCNO top-layer of TiN/TiCN/Al,O3/TiCNO coating has higher nano-hardness, stronger

resistance to plastic deformation and better wear resistance. The friction and wear properties of TiN/TiCN/AL,O3/TiCNO coating
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are expected to be enhanced by improving the surface roughness and adhesion strength.

KEY WORDS: TiCNO; multilayer coating; CVD; microstructure; mechanical properties; friction and wear properties
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Fig.1 X-ray diffraction patterns of KCK20and
KCK20B coatings
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Fig.2 Surface and fractured cross-sectional morphology of KCK20 and KCK20B coatings:
a) KCK20 surface; b) KCK20B surface; ¢) KCK20 cross-section; d) KCK20B cross-section



- 144 - Fom AR

2020 4 7 A

Mo KCK20 T2 TiN dk AR es (& 2¢) , i
KCK20B (T2 TiCNO &kigu/N, Sansttk, JHi
PRI ARG (K 2b) o 454 XRD il SEM 43
Hr, AT LATESE KCK20 F1 KCK20B #5415 PU)2 , KCK20
MEZ BN THZ 4351 TiN . TiCN . ALO; #l TN, KCK20B
HRUMRZEER, AL HTUZ N TiCNO 2. ReET
Rt MBS, e 787207 ERE,
g 1 Fizn JKCK20 Fil KCK20B 412 1R EE 25 A8
%, TZBEES50 2.12 pm 1 2.42 pm,

% 1 KCK20 f1 KCK20B &F=H
EFHEERAEREE
Tab.1 Average thickness of each layer and total
thickness in KCK20 and KCK20B

pum
. MT-TiCN+

Coating Top-layer  Al,Oj; layer TiN layer Total

KCK20  2.12 (TiN) 6.94 10.09 19.15

KCK20B 2.42 (TiCNO) 7.49 10.07 19.98

[ 3 2 KCK20 F1 KCK20B 1 2 114 3% T 56 B it 2%
A LIFEH, KCK20 F1 KCK20B 3 [ kL kS B 4351
66.9. 112.5 nm, KCK20B FH#EEHERTT A . TS,

0.0010
0.0005
g
=
=
_@) 0
[
jas)
—0.0005
00010 —— 0006 08 1.0
Distance/mm
a KCK20
0.0010
0.0005
g
3.
2
@ 0r
0
jas)
—0.0005
00010 ——55"""04 06 08 1.0
Distance/mm
b KCK20B

K3 KCK20 Fl KCK20B 42 4% i fe 7 il £k
Fig.3 Surface profile curves of KCK20 and KCK20B
coatings: a) KCK20; b) KCK20B
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Fig.4 Typical acoustic emission curves and scratch macro-
graphs of KCK20 and KCK20B: a) KCK20; b) KCK20B
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Fig.5 Friction coefficient curves of KCK20 and KCK20B: a) sliding time of 1 h; b) sliding time of 2 h
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Fig.6 Typical cross-sectional profile curves of wear tracks on KCK20 and KCK20B: a) KCK20, sliding time of 1 h;
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Fig.7 Comparison of the wear volume and wear rate of KCK20 and KCK20B: a) sliding time of 1 h; b) sliding time of 2 h
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Fig.8 Wear track morphologies and EDS analysis after 1 h of sliding
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