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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



Wt &R TR

848

+ 1880
* 100
25¢ Hardness
| O Bonding strength ﬁ 190 %
20f . 180 <
g E
S | * 1705
215¢ m|
g1 160 %
2 10| 1505
510} * * -%
= 140 m
St 130
*x o , . .
No.l No.2 No.3 No4 No5 No.6
Sample

P2 AN 53 B 0 B ot 3 T R B2 S/ 45 5 ik B
Fig.2 Hardness and bonding strength of composite coating with

various structures

R . AN, EARMIsmeRE, 24683
B 2 IS/ 2 4 i B R A B TR . R AR B R
A, RIHH)ZE TIN PR 12 ZE A Ti/TIN )2 15/
S8 o AR RIIR ATV TR 5 )23 DA 1 A 28 11 s 2
43 0 2 25 163 N 2 Ay, Ty KL AR 1 Pl il & 13k 2 )5
JIBE /2 S T A 21 W 28 A A R B = 31 75 90 N
TR, 53451545 2 3 T A 5 R/ 05 &8 6 ik i 1 i
(AT 5 AR R I 1B b )2 3 DIAH G . w SR S e B,
WU 585 B8PS B BUR RS E. TCA £ 43R 11 3R A3 LA B
gt rsikE, HAZLL TiC hFEAH. AT TC4
SLAk, BZMNERE REGSIARUT 10 GPa, FfFHAESL
It VR R R AR SR TR AR 40 0 2 4 v AT S A
T AT B B SR T A I A AR 2 R T R
(100 . 9 TSR 9D 5 I 22 3 T Al 58 A R sy o T V8 ik
JEXT T R A A BT LR 3 AN AR .
56, TC4 KRR BB 2 A0 K R A 2 i i i 5
YEZHO7 I TIN SOy 8, 7% TiN JZEEDTRL
A HE R ik S e TR 0 S AR — B0 5 3
() AR AR BN g A, S VE RS B s B,
BTV BB IE NI NRR BN, B2
TiN 2 B RPN T HEI T/ 4 G s B 11
RERAREN. =, EWE 2 L g4 wE b
TR P A A R A, BEAE R T, M/ A G R
FHNTH 5 o 110 35 A 38 T 52 8 0% [ U sl T 68 2/ K
AR ZRAE A IR B A T SRR AR T 1T Al 5 i )=
ARG TV SR I 2 e P B 2R i e, T AL RS 1B
BEJE I/ SE 5 Ao E . A B HEE RN 8 /5L 45
B 9B TR ey 0 SR 2 B vy L Il A SR e ik 1
2.2 AEIHEMER BRI
221 ®ETiNEE

] 3 02 TC4 AR 12 TiN B2 1E 30°C & 3a)
S 90° CF&l 3b) sy BN 2 451497 1 2 1 2 W TE 3
APRLE S, RSN, il DO R L2 TIN
JA O RATEAFTVE o AP i X st 2RO, a A
AT ML 5% 0 B 55 TN 2 i P i B A 1 A2 . AR 30°08
PRAAE N, M2 5 I W ik g ) B v R0V, e
ATy 2 AN, B 4a B . BEZE IOORIE S
X CA XD: 7552 B RORL P il ] Ga B B, 38 43 Jks i
i M2 R s AN IE ST #%E s R 0 58 AR
X (B XD fERURL B RFSE PR, 52 5 2R DA LI
W MIE AR IR B . MIAE 90° Pl & 11 T, JE
X BB 4b iR . 52 TiN R R AT T
KANA BB JE o ih LI, 3K A5 AR 2 3~ 0k 1Y) 3
s R, BRI T R H AN P ik T A R S
TN AR B JE R o T BB R, AR AR I TR
Moyl g, SLRBEZEKTERE . AXMEE T, 5
J2 TiN B )25 R T 268 v 1RO e 2 A ] A R P b 5 e
Tl e 25 IR TE BT R, 3 BUR)Z 1 R
222 HRAARE TN BRE

FEARTS B G , R 1 TiN B2 M Re15 2] 7 34k,
Hyim o vERe A 20 T AN S, w5 PR

5 UZ TIN JB)Z i A L, JART0E Bk s
FM TIN AR 300m il 2 H (B Sa), R H I
W Ve RV, BRI 2. AR 900 ik
MR (B 5b), JBZMH0 5 )2 TIN JBE)Z ) il
05— 2, AR i AR AR RSN o 0 X AT
X 8, 6 Fros. AfLURIL, 3009 i I A i pl
TiN BRI mErE TR, meERBl 522846
SERINRE ) — FER I B . e OBRER R, &
BRI E S NERR TIN (A& C) TR, I
B e b () PR S e R AR RS (BB B, i
L R IR (ALE A, Wi 6a From. 90° i pi
(R I g P2, IR 6b B, A6 R KRR ok

5 mm |

B3 FL TN B A b i i 7 T 3
Fig.3 Erosion damages of monolayer TiN coating at erosion

angle of 30° (a) and 90° (b)
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Fig.6 Micro erosion damage morphologies of composite coating

with carburized layer and monolayer TiN at erosion angle

of 30° (a) and 90° (b)
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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)
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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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