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Effect of nitrogen atmosphere heat treatment on structure and wear
behavior of CrAISiN coatings
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Abstract

This study used the two targets, Cr metal and AlSi alloy, as well as N, reactive
gas to synthesize CrAlSiN film on JIS SKD 61 substrates via cathodic arc deposition,
and then the coatings were heat-treated at 600°C for 1 hour under N, atmosphere.
Microstructure analysis (XRD, SEM, and TEM), nano-indentation tests, and wear
tests were all conduced for understanding the effects of heat treatment on
microstructure, hardness, and wear behavior of CrAISiN coatings.

The experimental results showed that the CrAISiIN coatings obtained in the study,
consisting of CrN, AIN crystalline phases, and SisN, amorphous. A new phase of
Cr;N was found in the coating structure after the post heat treatment, resulting in an
increase of coating hardness from 26.4 to 42.0 GPa. In addition, JIS SKD61 tool
steel with the CrAISIiN coatings could improve wear resistance, particularly the
coating after heat treatment to reveal the more performance in wear resistance.
Keywords: CrAlSiN coatings, Post heat treatment, Microstructure, Hardness, Wear
resistance
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Table 1 Chemical compositions of JIS SKD61 Tool steel. (wt%)

C Si Mn p S Cr Mo V Fe
039 | 1.05 | 0.34 | 0.023 | <0.001 | 5.18 | 1.27 | 0.98 | Bal.
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Fig. 1 Schematic diagram of the heat treatment in this study.
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Table 2 CAD processing parameters for CrAISIN thin film in this study.

Parameter Condition
Targets Crogswoe ~ AlggSii2at%
Cathode current 60A 50 ~ 60 ~ 70A
Working pressure 2.0x107 torr
lon bombardment -700 V
Substrate bias -80 V
Substrate temperature 200°C
Rotation rate 4 rpm
Target to substrate distance 180 mm
Deposition time 60 min
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Fig. 2 XRD pattern of the as-received and heat-treated SKD61 steel.
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Fig. 3 Microstructure of SKD61 austenitized at 1025°C for 30 min, oil quenched, and
then two times tempered at 550°C for 70 min.
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Fig. 4 XRD pattern of CrAISiN coatings
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Fig. 5 XRD pattern of CrAISiIN coatings after heat treatment in N,
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Fig. 6 TEM selected area electron diffraction pattern of the CrAISiN-60A coating.



Fig. 7 TEM selected area electron diffraction pattern of the CrAISiN-60AHT coating.
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Fig. 8 Cross-sectional TEM image of the CrAISiN coating.

Table 3 Interplanar distances for the CrAISIN-60AHT deposited.

Ring number | Dpa(A) CrN AIN Cr;N
1 238 | 2.39(111) | 2.33(111) | 2.38(110)
2 208 | 2.07(200) | 2.02(200) | 2.10(111)
3 142 | 1.46(220) | 1.43(220)
4 1205 | 1.25(311) | 1.16(222) | 1.27(212)
5 1.031 | 1.03(400) | 1.01(400)

Fig. 9 Cross-sectional TEM images of the CrAISiN-60A thin Film:
(@) bright-field image, and (b) dark-field image.




Fig. 10 Cross-sectional TEM images of CrAISiN coating structure at (a) low, (b) high
magnification (5nm), and (c) nanocomposite microstructure.
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Fig.11 Comparison of hardness and elastic modulus for the CrAISiN coatings: (a)

Without heat treatment, (b) With heat treatment in N,
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Fig.12 Comparison of friction coefficient among the substrate and the coated
specimens: (a) without heat treatment, (b) with heat treatment in N,
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Fig.14 Surface morphologies of the substrate and the coated specimens
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Fig.15 Surface morphologies of the substrate and the coated specimens after
ball-on-disc wear test. (a)CrN-HT, (b) CrAISiN-50AHT, (c) CrAISiN-60AHT,(d)
CrAISiN-70AHT.
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