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§ 1  TC4"OP¨©W[\89:ªP�� 

Fig.1  Cross-section morphologies of composite coating on TC4 alloy: (a) monolayer TiN, (b) composite coating with carburized layer 

and TiN, (c) 12 periods of Ti/TiN, and (d) composite coating with carburized layer and 12 periods of Ti/TiN 
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§ 2  ¨©W[\89OP6UG8/g[JU 

Fig.2  Hardness and bonding strength of composite coating with 

various structures 
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§ 3  i9 TiN89:<(���� 

Fig.3  Erosion damages of monolayer TiN coating at erosion 

angle of 30° (a) and 90° (b) 

 

 Hardness

 Bonding strength

H
a
r
d

n
e
s
s
/
G

P
a

30

40

50

60

70

80

90

100

No.6No.5No.4No.3No.2

B
o

n
d

i
n

g
 
S

t
r
e

n
g

t
h

/
N

No.1

Sample

5

10

15

20

25

a 

5 mm 

b 



� 6�                          ���H1TC4¥"OPFVW TiN(Ti)89:;<(=>                       ¦1881¦ 

 

 

 

 

 

 

 

 

§ 4  i9 TiN89:<(l®���� 

Fig.4  Micro erosion damages of TiN coating at erosion angle of 

30° (a) and 90° (b) 

 

 

 

 

 

 

 

 

 

§ 5  FVWi9 TiN89:<(���� 

Fig.5  Erosion damage morphologies of composite coating with 

carburized layer and monolayer TiN at erosion angle of 30° 

(a) and 90° (b) 

 

 

 

 

 

 

 

 

§ 6  FVWi9 TiN89:<(l®���� 

Fig.6  Micro erosion damage morphologies of composite coating 

with carburized layer and monolayer TiN at erosion angle 

of 30° (a) and 90° (b) 

 

»�8>����
n>¢T�¢k�Û��ûzyi

GxQ�³hG TiNiG
8>xQ�|�y(T´


����ÅÈG) 90°8>»¹º:qrÓ�Ë
�D�

xQä�¹ºP�=iGµ¶)M=:;�iG·¸�

¹�q�O�ºA��«]qruD�w
»Ò( 

=ª 2z=~»iG8>?:
¼(�T¨Vr�

Åì��hG TiN iG�{;��Ó=~
:;N

O����f2g8>�f½
E IÏÓ�Ë
�

��¾�{;ÅìG}æ
�j �_�¿
t;�

�DvwÓt;�j 
ZÀ_qåzy
iGuD

vw�ÁªÁ�Ó��ÅÈG
f8>DE(©�� 

�
=~NOÂ3�IiG)j�8>2g .Ã�

8>m67ÄÅw���ª&��f 90°8>DETÆ( 

2.2.3  12�	 Ti/TiN���� 

oG��AEJ��`��iG
��D_i/

MA��O

[19]

�bcÓ��iG)8>j »�7st

;uD�w
����f8>DEaÛjIÏÓ��( 

; 7� 12���� Ti/TiNiG) 30°�; 7a�_

90°�; 7b�8>»iG:;
8>�(Û
Lh

G TiNiG��?:��_?:-OX]nÓ�o�

:;iGÇÈT²)ÉÊ\_
��?:(�8>�

���`åk�¼; 8 ®<() 30°8>'�»�i

G:;ËrqÓ:G�¸��«B�xQ�; 8a��

ª) 90°8>'�»�; 8b��iG:;rqÓÌ8>

ÍÎÏ8>��yzÍ¢A]©�^L128>

��»:;iG�7ÐDÐ�&�
�ÑL��Ò�

qÌÍ¢Î�Î«rqE½�|
uDvwqÓ�y

:X��iG
�Da]^IÏÓ��( 

^)\_�oG��AEJ�� TiNiG
f

8>DE�y��ÔALiGC=��D
´`��(

)oG��A
	¡��»�iGC=
NOIÏ 

 

 

 

 

 

 

 

 

§ 7  129W Ti/TiN89:¯®���� 

Fig.7  Macro erosion damage morphologies of Ti/TiN coating 

with 12 periods at erosion angle of 30° (a) and 90° (b) 

 

 

 

 

 

 

 

 

§ 8  129W Ti/TiN89:l®���� 

Fig.8  Micro erosion damage morphologies of Ti/TiN coating 

with 12 periods at erosion angle of 30° (a) and 90° (b) 
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§ 9  FVW 12j� Ti/TiN89:¯®���� 

Fig.9  Macro erosion damage morphologies of composite coating 

with carburized layer and 12 periods of Ti/TiN at erosion 

angle of 30° (a) and 90° (b) 

 

 

 

 

 

 

 

 

§ 10  FVW 12j� Ti/TiN89l®���� 

Fig.10  Micro erosion damage morphologies of composite coating 

with carburized layer and 12 periods of Ti/TiN at erosion 

angle of 30° (a) and 90° (b) 

 

 

 

 

 

 

 

 

 

 

§ 11  ¨©W[\ TiN°9:<(� 

Fig.11  Erosion rate of TiN coating with various microstructure at 

erosion angle of 30° (a) and 90° (b) 
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Solid Particle Erosion of Composite Coating of Gradient Carburized Layer 

and TiN(Ti) Coating Synthesized on TC4 Alloy 

 

Wang Yanfeng, Li Zhengxian, Du Jihong, Zhang Changwei 

(Northwest Institute for Nonferrous Metal Research, Xi’an 710016, China) 

 

Abstract: In order to improve the hard coatings’ solid particle erosion (SPE) resistance, combining the plasma ion diffusion and arc ion 

plating technology, a series of composite coatings with gradient carburized layer and TiN(Ti) coating were synthesized on TC4 alloy. And the 

influence of structure on composite coating’s properties was studied. The results show that the hardness and bonding strength of composite 

coatings are enhanced remarkably, compared with those of the monolayer TiN and 12 periods of Ti/TiN hard coatings deposited on TC4 alloy 

without plasma carburization. The monolayer TiN shows a mechanism of brittle cracking after sand erosion, and the 12 periods of Ti/TiN 

coating presents morphologies of flaking and erosion pit due to the multilayer toughening effect. After carburization, the coating’s impact 

toughness is enhanced. The interface fracture of monolayer TiN is restrained. And the composite coating with gradient carburized layer and 12 

periods of Ti/TiN coating possesses the best SPE resistance with erosion mass loss rate decreasing by more than ten times and shows a 

mechanism of tough damage, which can be attributed to its higher interface strength and better match of hardness and toughness.  

Key words: plasma carburization; Ti/TiN coating; solid particle erosion; multilayered structure; toughness  
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