Surface hardening of AZ31 Mg

by PdCusSi thin film metallic glass coating
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Abstract

The Pd,,CugSi; (PCS) thin film metallic glasses (TFMGs) with high glass forming ability and hardness are selected as a hard coating for improving the
surface hardness of the AZ31 magnesium alloy. Both micro- and nano-indentation tests are conducted on the specimens with various PCS thicknesses
from 30 to 2000 nm. The apparent hardness and the relative indentation depth are integrated by a quantitative work-of-indentation model. The involved
Interaction parameters and Intrinsic hardness values are extracted from iterative calculations. According to the results, surface hardness can be
enhanced greatly by PCS TFMGs In the shallow region, followed by gradual decease with increasing relative indentation depth ratio. In addition, the
specimens with thinner coating (for example, 200 nm) show greater substrate-film interaction and those with thick coating (for example, 2000 nm)
become prone to film cracking. The optimum TFMG coating in this study is estimated to possess film thickness around 200-300 nm.

I H —H H, and H; are the estimated hardness for the substrate and coated film, respectively, k Is a
I H=H - f S dimensionless hardness transition parameter, and X is the power exponent depending on the |
I S 1+ k,gx deformation mode and geometry. ]
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Results and discussion

Table 1 The hardness of the PCS TFMGs deposited on the AZ31 substrate, obtained from the nanoindentation tests.
Hardness (GPa) in specific thickness

p

30 Nnm

50 Nnm

100 Nnm

200 nm

300 nm

500 nm

1000 nm

2000 nm

0.05
0.10
0.25

1.8340.24
[.2412.37
4.06+3.23

1.8540.20
7.8313.31
4.45+2.57

8.91+5.59
3.9412.48
3.83+1.20

6.02+1.67
6.05+1.76
4.52+1.17

6.09+1.82
5.30+1.79
4.57+2.38

6.18+1.82
6.32+1.58
4.29+1.23

6.08+1.91
5.9812.56
4.04+1.14

5.84+1.94
5.97+0.93
4.42+1.08

0.50
0.75
1.00
1.50
2.00

2.14+0.57
2.01+0.15
1.6640.17
1.27+0.18
1.0840.15

2.7/511.04
2.03+0.47
1.6610.32
1.2840.21
1.1540.11

3.18+0.47
2.3310.21
1.9640.21
1.5240.13
1.31+0.13

3.30+0.43
2.39+0.19
2.00+0.16
1.5340.15
1.3740.13

2.8510.35
2.12+0.19
1.7340.13
1.3010.06
1.17+£0.03

2.19+0.31
1.62+0.16
1.34+0.14
1.1340.15
1.0340.16

2.10+0.40
1.3840.16
1.1640.13
0.90+0.08
0.81+0.06

1.94+0.36
1.31+0.14
1.07+0.11
0.83+0.08
0.71+0.06

Table 2 The fitting parameters of the PCS TFMGs deposited on the AZ31
substrate obtained from the nanoindentation data.
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Figure 1

The XRD pattern of the PCS

amorphous thin film deposited on the AZ31
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Figure 2 The hardness-£ curves of the PCS
TFMGs, measured by nanoindentaiton tests.
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Figure 5 The ihdented morphology of tlhe same PCS-2000
under nanoindentation loading at 257 mN and at 5~2 Is
presented in Figure 5.

Figure 4 The trend of the estimated substrate
hardness H.. The optimum hard coating thickness
might be around 200-300 nm.

Figure 3 Comparison of the experimental data and the best fit
predictions based on Equation for the PCS coated samples under
nanoindentaiton. Note that the horizontal axis Is presented Iin log

scale.
Conclusions

1. Surface hardness can be enhanced by Pd.Cu.Si,; (PCS) thin film metallic glasses (TFMGs) In the shallow region, followed by
gradual decease with increasing the relative indentation depth.

Specimens with 200 nm PCS coating show greater substrate-film interaction and those with thick coating become prone to film
cracking.

Optimum PCS TFMGs coating In this study Is estimated to possess film thickness around 200-300 nm.
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