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ABSTRACT Corrosion and cavitation erosion behavior/-are important indicators for evaluating the
performance and reliability of hydraulic machlf)ery Laser metal deposition (LMD), as an important technique
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for both surface modification and complex component fabrication, is proved to be an effective way to
enhance the mechanical properties of materials. In the present study, -3111900/0412.1961.2022.003826L
stainless steel (316L SS) samples were fabricated by laser metal deposition; and the effects of laser power,
scanning strategy, surface remelting, and build direction on‘the electrochemical corrosion and cavitation
erosion resistance of the LMD-produced samples were systematically studied. The obtained results were
compared with that of a wroudght counterpart. The corrosion resistance of LMD-produced samples in
3.5%NaCl solution was tested by“open circuit potential measurement and potentiodynamic polarization tests.
Also, the cavitation erosion resistance of LMD-produced samples accordlngly to, different process parameters
was studied. The microstructure of forged 316L sample is characterlzed with unlformly distributed equiaxed
grains, while the LMD-produced samples exhibit a process-dependent non-equilibrium microstructure
consisting of high/low angle grain bouadggl‘es, tortuous grains, cellular/dendritic substructures, and
processing-related defects. The grain size of”IfMD-produced316L sample is much larger than that of forged
316L. Increasing the laser power or changing the sample from horizontally built to vertically built, both the
grain size and dendritic arm spacing of the material tend to increase. However, when remelting and 90°
rotation scanning strategy was adopted, the change tendency of grain size and dendritic arm spacing of the
material is obviously different. Microhardness test results show that the dendritic arm spacing can better
match the microhardness evolution than that of grain size. This microstructural difference also leads to a
significantly different electrochemical and cavitation erosions performance ‘with that of forged 316L. The
electrochemical corrosion test shows that the.corrosion resistance of LMD-produced 316L sample is much
better than that of forged 316L, namely, the polarization resistance R, of the LMD-produced 316L sample
under different processing is inereased by about 2-98 times, whereas the corrosion current density icor IS
reduced by 1-2 orders of magnitude. The test results of ultrasonic vibration cavitation system show that the
cavitation erosion resistance of LMD-produced 316L is better than that of"férged 316L. However, stress
concentration may be induced in local areas, such as pores and grain boundaries, which in turn, facilitate
preferentially cavitation damage in these areas. Also, it appeared to be protrusion topography and gradually
disappeared to form a large number of dmp]fei in the subsequent cavitation erosion process. The cavitation
erosion resistance of the material mainly depeﬁds on its local mechanical properties. The microhardness test
results show that the hardness of LMD-316L is significantly higher than that of the forged sample, so its
cavitation erosion resistance is significantly improved. However, due to the heterogeneous microstructure and
process-related pore defects formed in the LMD-produced samples, the microhardness contour exhibits a
spatially non-uniform distribution characteristic; hence the surface morphology of LMD-produced 316L
sample is seriously eroded in some local areas after cavitation.
KEY WORDS additive manufacturing, laser metal deposition, 316L stainless steel, corrosion behavior,
cavitation erosion, microhardness
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Fig.1 Exﬁ’éfifj@ental details in the study
(a) image showing the as-used ptﬁv/\}der (b) scanning strategy used in the study
(c) sketch of build orientation and test surface for laser metal deposition (LMD)-produced samples
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Table 1 Sample notations according to different process parameters

Sample No. Laser power /W  Scanning speed / (mm-s'l) Scanning strategy Build orientation (Z axis)/ mm
1 1200 6.0 105’ rotation 5
2 1400 6.0 105’ rotation 5
3 1600 6.0 105’ rotation 5
Surface remelting for
4 1200 6.0 5
every two layers

5 1200 6.0 90’ rotation 5
6 1200 6.0 105 rotation /-
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#- ) LMD-316L i HEAT 23 A0 B 1ok S, Be# AR SR A0 ] 2 Pz, SR R P IR s 33 IR 23531 79 20 kHz
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Fig.2 Schematic of the ultrasonic cavitation erosion equipment
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K 3 tBid 316L ANEENITHL S K
Fig.3 Microstructure of wrought 316L stainless steel (SS)
(a) SEM image (b) EBSD IPF image (c) grain size distribution
(d) misorientation angle distribution (e) micro-hardness contour
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Fig.4 Relative densities of LMD-316L SS fabricated by different process parameters and the representative defects
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Fig.5 SEM images of LMD-316L stainless steel (SS) fabricated by different process parameters
(a) No.1 (b) No.2 (c) No.3 (d) No.4 (e) No.5 (f) No.6
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Fig.7 Grain size distributions of LMD-316L SS fabricated by different process parameters
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Fig.6 EBSD images of LMD-316L SS fabricated by different process parameters.
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Fig.8 Misorientation angle distribution of LMD-316L SS fabricated bﬁgerent process parameters
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Fig.9 Microhardness contour for LMD-316L SS fabricated by different process parameters
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Table 2 Microhardnesses of LM D-31@§JS samples %icated by different process parameters

Sample No. Mﬂmum hardne! Maximum hardness Average hardness / HV,
1 J%, 3131 390.2 355.4 £ 15.7
2 305.6 372.4 335.1+13.2
3 298.7 354.8 j@ 325.5+10.5
4 308.7 2 340.1 £ 13.6
5 304.3 &%7 3404 +£11.9
6 279.9 ﬁ 333.6 309.9 £10.7
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Fig.100pen-circuit potential (OCP) of 316L SS measured in 3.5%NaCl solution for samples produced by different
processing parameters

(a) laser power (q) (b) surface remelting (c) scanning strategy (d) printing direction
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Fig.11Potentiodynamic polarization curves of LMD-316L SS produced by different processing parameters measured
at a scan rate of 0.001 V/s. Note that the abstissa is shown in logarithm

(a) laser power (b) surface remelting  (c) scanning strategy  (d) printing direction
&R 3 LMD-316L REENTE 3.5%NaCl ¥ H i) b 2 54K
Table 3Electrochemical parameters of LMD-316L SS in 3.5%NaCl solution (These parameters are obtained from its
corresponding potentiodynamic polarization curves)

Sample No.  Polarization resistance R, Anodic Tafel slope b, _; ~Cathodic Tafel slo"pé‘ b, Corrosion current density igor

1 3100745.5 334.56 153.52 1.475x10°®
2 87315.4 3 126.57 5.757x107
3 119891.4 " 4158 181.55 4.583x107
4 75200.7 2475.24 134.93 7.398x107
5 62532.5 593.47 90.93 5.483x10°7
6 66780.6 976.56 135.33 7.739x107
Wrought 316L 31502.4 23800.52 167.42 2.294x10°®
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Fig.12 Topographies of wrought 316L SS after 0.5 and 4 h of the cavitation test
(a, ¢) SEM images (b, d) i |mages obtained by 3D W“I%e light interferometric surface topography

13 £ 0.5 A1 4 h L& /5 9 No.1 e R 3
Fig.13 Topographies of sample No.1 after 0.5 h (a, b) and 4 h (c, d) of the cavitation test
(a, ¢) SEM images (b, d) images obtained by 3D white light interferometric surface topography
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Fig.14 Topographies of sample No.2 after 0.5 h (a, b) and 4 h (c, d) of the cavitation test
(a, ¢) SEM images (byd) images obtained by 3D white light interferometric surface topography

[l 15 £ 0.5 1 4 h 2L il R 1) No.3 SR T 41
Fig.15 Topographies of sample No.3 after 0.5 h (a, b) and 4 h (c, d) of the cavitation test
(a, ¢) SEM images (b, d) images obtained by 3D white light interferometric surface topography
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Fig.16 Topographies of sample No.4 after 0.5 h (a, b) and 4 h (c, d) of the cavitation test
(a, ¢) SEM images (b, d) images obtained by 3D white light interferometric surface topography

17 £ 05 A1 4 ST AR 1 No.5 SRR L 51
Fig.17 Topographies of sample No'5 after 0.5 h (a, b) and 4 h (c, d) of the cavitation test
(a, ¢) SEM images (b, d) images obtained by 3D white light interferometric surface topography
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Fig.18 Topographies of sample No.G'after 0.5 h (a, b) and 4 h (c, d) of the cavitation test
(a, ¢) SEM images (byd) images obtained by 3D white light interferometric surface topography
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