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Selective Laser Melting Forming Process Optimization of 12Cr9NiAlMo Die
Steel and Microstructure and Properties after Heat Treatment
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(1. Guangdong Hanbang 3D Tech Co., Ltd., Zhongshan 528427, China;
2. Jiangxi Kmax Industrial Co., Ltd., Nanchang 330100, China;3. State Key Laboratory of
Advanced Design and Manufacturing for Vehicle Body, Hunan University, Changsha 410082, China)

Abstract: The influence of laser power, scanning spacing and scanning speed on the relative density of
selective laser melting formed 12Cr9NiAlMo steel was studied by orthogonal experiments, and the optimal process
parameters were obtained. The structure and properties of samples formed by the optimal process after solution and
aging treatment were studied. The results show that the laser power had the greatest effect on the relative density of
the formed samples, followed by the scanning spacing. The optimal process parameters were laser power of 325 W,
scanning space of 0.10 mm, and scanning speed of 1 000 mm-+s™ ', and the relative density was 99.22%. After heat
treatment, part of the residual austenite in samples formed by the optimal process was transformed to martensite,
and a large number of fine NiAl phase precipitated. The tensile strength, yield strength and hardness increased by
62.1%, 59.6% ., 41.2% ., and the percentage elongation after fracture and impact absorbing energy decreased by

40.0% . 81.3% , comparing with those without heat-treatment.
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% 1 12Cr9NiAlMo # EMAL Z 5K &
Table 1 Chemical composition of 12Cr9NiAlMo die steel

JTLE Cr Ni Al Mo Si C Fe

AR/ % 11,74 9.5 1.67  1.45  0.06  0.031 4%

B 1 12Cr9NiAlMo 5% #} 5 #9307 38
Fig. 1 Micromorphology of 12Cr9NiAlMo steel powder
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Table 2 Factor and level for orthogonal test

H=
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w (mmes ") mm
1 300 850 0.09
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3 350 1150 0.11
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S ; ] v ]
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[ y /X > ¥
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Fig. 2 Diagram of strip partition scanning strategy
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Fig.3 Dimension of tensile sample (a) and impact sample (b)
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Table 3 Orthogonal test results of SLM process parameters

T Bt R/ AR/ A4 1) B/ X 5 g/
W (mmes D) mm %

17 300 850 0.09 99.02
27 300 1 000 0.10 99.13
37 300 1150 0.11 97.82
4% 325 850 0.10 99.10
5% 325 1 000 0.11 99.16
67 325 1150 0.09 99.18
7* 350 850 0.11 99.05
8% 350 1 000 0.09 99.07
97 350 1150 0.10 99.20
1, 98.66 99.06 99.09

I, 99.15 99.12 99.14

I, 99.11 98.73 98.68

R 0.49 0.39 0.47
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Fig.4 Typical defects of formed samples under different energy densities
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Fig.5 Surface morphology of formed samples under different energy densities

22 RABMNEREIZAERAERREALKNZM
12CrINIAIMo 54 1 (14 % i it 7 809 12 %,

Hedlg Fe-Cr ot & 4 1B, 28 fn i 5 4% 30 i 72

23t B B PG A Ik 2R R i AH A o R DA R BRI AR RN

(a) HALTBET, OMFH (b) ALLFEE, OMFHR

SRR A s B2 . iy 18] 6 Al s oR PR Ad B (A AR
BRI d A0 T2 I IR B 5 T 5 A O
WYRZZEES, FEHAL A/ DZE RS R
A5 b BRS ROE BURE 9 6 T8 301 0 kL A 2 AR

(c) #ALE AT, SEMA R

(d) #EfR, SEMFESR

B 6 MAEAFRMA SLM TEZHEIXHR OM F 51 SEM R 5t
Fig.6 OM morphology (a—b) and SEM morphology (c—d) of samples formed by optimal SLM process before (a, ¢) and
after (b, d) heat treatment
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Fig. 7 XRD spectra of samples formed by optimal SLM process

before and after heat treatment
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Fig.8 SEM morphology of tensile fracture (a—b) and EDS spectrum of spherical particles at position P1 (c¢) of samples formed by

optimal SLM process before (a) and after (b—c) heat treatment
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Fig.9 TEM morphology (a) and EDS spectrum (b) of spherical particles at tensile fracture of sample formed by

optimal SLM process after heat treatment
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Fig.10 SEM morphology of impact fracture of samples formed by optimal SLM process before (a) and after (b) heat treatment
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