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ABSTRACT: The microstructure characteristics of Ti-Al-Si-N multilayer gradient coating were obtained, the mechanical
properties of the coating were analyzed, and the strengthening mechanism of the coating was obtained. Ti-Al-Si-N multilayer

gradient coatings were prepared on high speed steel and Si substrates by cathodic arc ion plating with four targets alternately
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deposited. The crystal structure, microstructure and mechanical properties of the Ti-Al-Si-N multilayer gradient coating were

characterized by X-ray diffractometer (XRD), high resolution transmission electron microscope (HRTEM), and nanoindentation

instrument. The main phase in Ti-Al-Si-N multilayer gradient coating is (Ti,AI)N crystal phase with preferred orientation of
(200). Ti-Al-Si-N multilayer gradient coating consists of TiN, TiAIN and TiAISiN layers with thickness of 41.7, 1458.3 and
1450 nm, respectively. The structure of TiN and TiAIN layers was observed by HRTEM. It is found that TiAIN/TiN periodic

structure is formed in TiAIN layer, and confirmed as the microstructure of TiAIN/TiN nano multilayer coating. The TiN

modulation layer is about 1 nm, TiAIN modulation layer is about 0.5 nm, and the modulation period is about 1.5 nm. In addition,

it is found that there is nc-TiAIN/a-Si;Ny structure in the TiAIN layer. The grain size of TiAIN is about 6 nm, and that of

amorphous Si;Ny is about 2~3 nm. The hardness and elastic modulus of Ti-Al-Si-N multilayer gradient coating are 27.7 GPa and

338.0 GPa respectively. The schematic diagram of Ti-Al-Si-N multilayer gradient coating is constructed. The strengthening

mechanism of the coating can be explained by modulus difference theory, alternating stress field theory and nc-TiN/a-SisN,

model. The main strengthening mechanism is nc-TiN/a-Si;N4 model theory.

KEY WORDS: TiAlISiN; multilayer gradient coating; microstructure; mechanical properties; strengthening mechanism
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*z1 Ti-Al-Si-N & EHHESH
Tab.1 Preparation parameters of Ti-Al-Si-N coating

Coating Titar/A AlTitar/A TiSitar/A Bias/V  Ny/(mL-min ') Temperature/’C Speed/(rad-min"') Deposition time/h

TiAISiN 180~200 160~180  120~140 80~100

180~200

420~450 5 6
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Frife Berkovich Hi3k ) #E47I3, A Oliver-Pharr 15
TR0 AR A 88 R R A A Y o I 1
WSRO, R E R AIRE S 200 nm, RE—
mEA 16 5, BOPSAEE A AN a2 R, EER
0.1, SEEGBR I 2 Fron.

2 TRBEEREE
Tab.2 Experimental equipment and model

Equipment Model Company
XRD D/MAX2550VB/PC RIGAKU
HRTEM TecnaiG2F20S-TWIN FEI
NANO Indenter G200 Agilent

2 HR5HE

2.1 Ti-A-Si-N ZEHERENEX S
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BT, R B R A R A U
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Tab.3 Target working sequence

Procedure Each gradient AITi TiSi AITi Ti P.ower on
zone tar tar tar tar time/min

1 TiN zone - - - + 5

2 TiAIN zone  + - - + 6

3 TiAIN zone + - + + 25

4 TiAIN zone + - + - 150

5 TiAlISiN zone + + + _ 88

6 TiAlISiN zone + + - — 26

7 TiAISiN zone — + - - 60

Note: +: Electrify, —: Interrupt
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L. FEAR R . AR ESERZEREESIAK, 2

Kb, HASBEIZIER, Ha MIREBIRRE, t
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Fig.1 Conventional angle XRD of Ti-Al-Si-N multilayer gradient
coating
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a WRGHHHL

b DRACKHE
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K12 TiN ZX Ml TiAIN 2 X TEM K
Fig.2 TEM magnification of TiN and TiAIN zones: a): coating structure characteristics; b) enlarged drawing of zone

D; c) enlarged drawing of zone E
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REIRAIE TR 2 A IXIh TiN JZ X, a3 2 20 (1)
FEfAA — 2o 2%, TRESZRO g . i FESE IR s
X B X, Bagynl LSRG s B Y A, B s
W IR KA K 60 nm 247, WA ()HE N
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Fig.3 Structure diagram of Ti-Al-Si-N multilayer gradient
coating
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Fig.4 Loading-unloading curve obtained by experiment

x4 Ti-AI-SiN EEBERER H. E. HIE. HYE* &
Tab.4 H, E, H/E, HY¥E? values of Ti-Al-Si-N multilayer
gradient coating

H/GPa E/GPa H/E H3/E?
27.7 338.0 0.082 0.187
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