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Study on wear behavior of AISI 4340 alloy steel arc-coated Ti-Al-N films
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Abstract

It is well-known that AISI 4340 steel belongs to a kind of Ni-Cr-Mo alloy steels. Because of it’s good quench
hardenability and thermal resistance, AISI 4340 steel has been widely applied in screws, gears and bearing parts in
recent years. However, if there is more wear characteristics to be obtained, the material will be expanded it’s application.
This study used AISI 4340 steel as the substrate, and then adopted cathodic arc deposition method to deposite the TiN,
TiAIN single-layered, and TiN/TiAIN multi-layered coatings on AISI 4340 steel for estimating the feasibility of
increasing its using-life.

In this study, SEM, XRD and TEM were used to confirm the morphology and structure of Ti-Al-N coatings. And
the nano-indenter test, residual stress calculation and wear test were all performed to investigate the properties of
Ti-Al-N coatings. The results showed that, TiAIN coating wss a single phase of FCC structure. Among the three
coatings, TiN / TiAIN multi-layered coatings possessed minimum roughness (Ra value = 0.1um), appropriate residual
stress (-5.68GPa), the best adhesion (HF1), the highest film hardness (36.5 GPa ) ,and Young's modulus maximum (461
GPa). As a result, AISI 4340 coated the TiN / TiAIN multi-layer could reduce, its friction coefficient from 0.809 to
0.455.
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Table 1 Chemical compositions of AISI 4340 steel.

Element] Fe C Si Mn P
Wit% Bal. 0.416 | 0.22 0.789 | 0.012
Element S Ni Cr Mo
Wit% 0.02 1921 | 0.766 | 0.196
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Table 2 CAD processing parameters of Ti-Al-N coatings
in this study.

Parameter value

Two target Tisg0Alsge Tigos0
Cathode current 30A , 40A
Reactive gas N,
Working pressure 4Pa(3x10%Torr)
Ar* Bombardment -700V/mins
Substrate bias -100V
Substrate temperature 170~200°C
Rotation rate 4rpm

Target to substrate

distance £50mm
Deposition time 35mins
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Fig. 1 XRD pattern of the substrate and coated
specimens.
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Fig. 2 TEM bright-field image of TiAIN film.

100 nm

Fig. 3 TEM bright-field image and SAD of area I.

Fig. 4 TEM bright-field image and SAD of area Il.
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Fig. 5 TEM bright-field image and SAD of area IlI.
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Fig. 6 TEM dark-field image of TiAIN film.
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Fig. 7 Fracture morphology of the coated specimens by
Rockwell-C adhesion test: (a) TiN, (b) TiAIN, (c)
TiN/TIAIN, and (d) TiAIN at high magnification.
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Table 3 Characteristics of the three coatings.

Specimen TiN TiAIN TiN/TIiAIN
ASQ HF1 HF3 HF1
Residual
stress(GPa) -3.84 -8.75 -5.68
Ra (um) 0.21 0.29 0.10
H(GPa) 19.02 29.58 36.47
E(GPa) 249.52 442.73 460.56
H/E 0.076 0.069 0.079




Fig. 8 Cross-sectional view of the coated specimens: (a)
TiN, (b) TIiAIN, and (c)TiN/TiAIN.
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Fig. 9 Friction coefficient of substrate and the coated
specimens.

Fig. 10 Surface morphologies of substrate and the coated
specimens after Ball-on-disk wear test: (a) AlSI 4340, (b)
TiN, (c) TiAIN, and (d) TiN/TiAIN.
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