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Microstructure Evolution and Mechanical Properties of 5CrNi4dMo Die
Steel Parts by Selective Laser Melting Additive Manufacturing
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Abstract The 5CrNi4Mo die steel is successfully prepared by selective laser melting (SLM) additive manufacturing
technology. The mechanism of the phase transformation is investigated and the influence of the applied laser linear
energy density  (the ratio of laser power to scan velocity) on densification, microstructure, and mechanical
properties of SLM—processed parts is studied. It shows that a high # results in the formation of residual pores and
lowers the densification level, caused by severe balling phenomenon. A low 5 causes the limited wetting ability and
low densification level. When # is optimized at 258.3 J/m, the SLM—-processed parts have an improved densification
level of 98.12% without apparent process defects. The laser—induced large solidification rate leads to the martensitic
transformation. Alloying elements such as Mn, Ni, and Cr in the original powder can stabilize the undercooling
austenite and lower the critical cooling rate of martensite transformation, ensuring the successful process of
martensite transformation. The microstructures of martensite are further refined with decreasing . When 7 is
193.8 J/m , high microhardness of 689.5 HV,,, low friction coefficient of 0.44 and wear rate of 2.3 x 10” mm®/(N-m)
are obtained for the SLM-processed parts.
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Table 1 Chemical compositions of as—used 5CrNi4Mo die steel powder (mass fraction, %)

Element Fe C Cr Ni Mo Si Mn P S
Content Balance 0.45 1.35 4.0 0.25 0.25 0.40 <0.025 <0.005

B (a) GBI ATE S (b) SLM AU 1R
Fig.1 (a) Particle morphology of original powder; (b) SLM—processed parts
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Fig.2 Schematic of SLM apparatus
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Fig.3 (a) XRD profiles of SLM~—processed parts at different 7, obtained over a wide range of 26 (20°~80°);
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(b) XRD profiles in the vicinity of standard diffraction peaks of a—Fe
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Table 2 XRD data showing variation in the intensity, FWHM and displacement of identified peaks for a—Fe phase

Sample 1 /(J/m) 26 displacement /(°) Intensity FWHM
387.5 0.13 3316.67 0.268
258.3 0.01 2716.67 0.274
193.8 0.05 2266.67 0.312
155.0 0.11 3216.67 0.359
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Fig.4 Optical images showing characteristic microstructures on cross—sections of SLM—processed parts at different 7.

(a) »=387.5 J/m; (b) »=258.3 J/m; (¢) n=193.8 J/m; (d) n=155.0 J/m
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Fig.5 (a) Variation in densification level of SLM-processed parts with n; (b) surface morphology of SLM—processed parts at a high 7 of
387.6 J/m showing the occurrence of balling effect by FE-SEM
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Fig.6 (a) Process of nucleation—growth of pore in the melt pool; (b) optical microscopic image showing characteristic morphology on

cross—sections of SLM~-processed parts when n=193.8 J/m
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Fig.7 SEM images showing characteristic microstructures on cross—sections of SLM-processed parts at different 7.
(a) 7=387.5 J/m; (b) n=258.3 J/m; (c) p=193.8 J/m; (d) =155.0 J/m
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Fig.8 Microhardness of SLM—processed parts under different n
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