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Effects of Gradient Multilayer Structure on Tribological Property of TiAISiN Coating
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Abstract: TiAlISiN gradient multilayer coating was deposited on 304 stainles steel by magnetic filtered arc ion plating to
improve the wear resistance. The effect of the gradient multilayer structure on tribology properties of the TiAlISiN coating was
studied. The surface morphology, phase composition, mechanical properties and tribology performance were investigated by
SEM, XRD, XPS, nanoindention/scratching method, and ball-on-disk test, respectively. The results show that the adhesion
strength of TiAISiN gradient the multilayer coating is higher than that of the monolayer coating, and the gradient multilayer
structure can improve the toughness of the TiAISiN coating. The friction coefficient and wear rate of TiAISiN coating are
much lower than that of the 304 stainless steel substrate. Additionally, the wear rate of the TiAlISiN gradient multilayer coating
exhibits a lower wear rate of 8.5x10° um?*/(N-m) than that of TiAISiN monolayer, 2.6x10* um*/(N-m), decreasing by 67.8%.
The main wear mechanisms of TiAISiN gradient multilayer coating are slight adhesion wear, abrasive wear and oxidative
wear.
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Fig.1 Flow rate of N2 as a function of deposition time
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Fig.2 Schematic diagrams of gradient multilayer structure
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Table 1 Deposition parameters of the TiAISiN coatings with
different structures

Parameter 1 2
Flow rate of N2 / (mL-min ") fi(S1) £2(S2) 120(S1/S2)
Bias /V -50 =50 =50
TiAlSi current / A 100 100 100
Time / min 50 50 10
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Fig.3 XRD patterns of TiAISiN monolayer and gradient
multilayer coatings
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Fig.5 Surface mophologies of TiAISiN monolayer and gradient multilayer coatings
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Table 2 EDS analysis and thickness of TiAISiN monolayer and
gradient multilayer coatings

al%

Coatings Thickness / pm
Ti Al Si
S1 2550 2829 542 40.79 2.52
S2 22.84 28.62 496 43.61 3.06

7 TIAISIN HLZHIZ 280 B R 2 3R TR /3 I
JERE, WEEEH Ti. Al Si. N4 FhocR4Hm,
PR RIREE R 2.52 um, ZJRE RS EIEE K
3.06 pm, ZJEHERZEEIEHANE 6 Frn, 45
B2 GRS E R, VRIZ A 2 ) A i
A, REREZEEER, X5EIFNE R
LR
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Fig.7 Hardness and elastic modulus of TiAISiN monolayer and
gradient multilayer coatings with different displacements into

surface
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Table 3 H/E and H*/E® values of TiAISiN monolayer and gradient
multilayer coatings with different displacements into surface

100 nm 300 nm
Coating
HIE (H/E*) | GPa HIE (H/E*) | GPa
S1 0.113 0.513 0.097 0.281
S2 0.111 0.515 0.112 0.314
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Fig.8 Scratch morphologies of TiAlSiN monolayer and gradient

multilayer coatings
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Fig.9 Friction coefficient of 304 stainless steel substrate, TIAISIN
monolayer and gradient multilayer coatings
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Table 4 Wear track width, depth and wear rate of TiAISiN mono-
layer and gradient multilayer coatings

Coating S1 S2
Wear track depth / um 0.85 0.35
Wear track width / pm 0.24 0.23
Wear rate / (10° pm’®N'-m™") 26 8.50
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3.8x10° um*/(N-m), TiAISIN £ 2K B4R 2 IR
RIFARBREEIRT 67.8%., SHZEHEZEER
JZ B IR Y FE AR 4350 0.24 pm A1 0.23 um, #¢
KIBIRTREE 438 0.85 um F1 0.35 um. XFHIEE
MAJELEE SRR ], TIAISIN BEREMEZ 2
W HEREYESaE R Y15 Ere 2 NI U s N e oA
VR ) 0 B DR B R B B R W] 0 A LG T 502 0%
2, RHAZZEHESHEERICT TIAISIN B2
ORI, B2 T TIAISIN i 2T EHERE
M TIAISIN B2 2 2 56 B TR J2 B AL
H, KM SEM MERESIRIES, &l 10, £S5 K
TiAISIN HUZWRZ XK 1 FIZ 2008002 X, 2 5
JRF1 EDS JTTE T, HZIRZEIR AT IR
JEK R HTE, TERIVE DAL T W GO K2
FOREETE (anld 10(a)), WZEEE 8 g% h 2k 4e
J, HEWTESE A FI BRI T AR B IX IR 2
BT XFEEIE A FTZE XK 5000 fi50i5%, A
ER Rk, XS X 1 ) EDS BB 4T,
TiAISIN HL2R B EIRRMER %A Ti. Al Fe,
Si AFICFES, A K O JTLRAAE, UlHITEEE
AR T AR, AT Ti. Al &AL
Yo HEWT R E BB ALE Y . R EE SRR
XHZERBEREREEET , B2 NF 55
280, MAGAERZREMEE I P R, mH
JRURIZ S G AR, FERG G BB 1) 1) ) R
SRR AL EE T, R Z b A 2 R RS
Ja A I T 2 IR 2 RS A B
TIAISIN ZZH R IZ IR R — R R Y
R RS (ANE 10(c)), X EEIR 1 EDS REiE
ST (R5), K2 RBEREZESAREO T
., FLH Ti. ALMEMADAR, D NITRU
AU 7 2 R U8 T 6 B 2 v o Ui 3 D I R X
B, TR ETEE SRR T R A AR R A — 2
G R SEARIBE, AR 20X EE BR 2 a) ki T
K B BEREAR TR E R ZURR R . MR X
B C JRfii R 5000 5%, A Z RN
i A PR AT 7 A B IS, 30 A e 1 ) L
RURRIE . 5007 2 280 454 & TIAISIN IR )2 i
EEBPERE MBI . DBEEERIR E 8RR 2 E
(9 55 SAECHERE B TR T T, BB B 2R 2



74 b B xR T L FE

2018 4

25 um

(c) Gradient multilayer coating (Low magnification)

< g " <,
\ Crack /

(b) Monolayer coating (High magnification)

25 um

Pitting

(d) Gradient multilayer coating (High magnification)

[ 10 TiAISIN 202122862 BR SEM B4

Fig.10 SEM morphologies of wear tracks on TiAISiN monolayer and gradient multilayer coatings
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Table 5 EDS analysis of wear tracks in Fig.10 on the TiAISiN

monolayer and gradient multilayer coatings (al%)
Area Ti Al Si N (0) Fe Cr
1 132 120 19 63.0 9.1 0.8
2 158 207 25 7.6  50.8 2.6
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