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Microstructure and Mechanical Properties of 4Cr5MoSiV1 Steel Fabricated via

Selective Laser Melting Post Tempering
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Artillery Engineering Department, Shijiazhuang Branch, Army Engineering University ,

Shijiazhuang , Hebei 050003, China

Abstract Herein, 4Cr5MoSiV1 steel samples are fabricated via selective laser melting (SLM), and the effect of
tempering on microstructure and mechanical properties is investigated. Results show that tempering of SLM-
fabricated 4Cr5MoSiV1 steel samples involves martensite decomposition, retained austenite transformation, and
carbide precipitation, thus producing stable ferrite and alloy carbides. Post tempering, the sample’s grain
morphology disappears, and its grain size increases. In addition, the sample’s microhardness and ultimate strength
decrease, whereas its elongation increases. Post tempering at 450 “C, fine and uniformly distributed carbides
precipitate, contributing to precipitation strengthening and causing secondary strengthening of the sample. The
sample’s elongation after tempering twice at 600 °C increases to 18. 6%. The fracture of unheated and low-
temperature tempered samples is attributed to a brittle cleavage fracture. The fracture of the medium-temperature
tempered sample is found to be a quasi-cleavage fracture. Finally, the fracture of the high-temperature tempered
sample and twice-tempered sample exhibit a quasi-cleavage fracture dominated by ductile fracture.

Key words laser technique; selective laser melting; 4Cr5MoSiV1 steel; tempering treatment; microstructure;
mechanical properties
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Table 1 Chemical composition of 4Cr5MoSiV1 steel powder

Element C \% Mo

Si Cr Mn P S Fe

Mass fraction /% 0.39 1.05 1.27

0.23 0.87 5.24 0.48 0.019 0.01 Bal.

22 EWHIE

SLM J§JE T2 28T WO F R 190 W,
HHEHE N 210 mm/s, FHIEEIIEE R 70 pm, 882
JER 25 pm T SIIEAR., R AR T2
S RIE 8 4 10 mm X 10 mm X5 mm ek
BUREFD 8 AR AR B A aURE i R &l 1 s,

R6
.//_
<8 ]
=]
AT T
50

(A LiE v iU

Fig. 1 Size of tensile samples

X SLM 8 4Cr5MoSiV1 89k £ 43 51 i 17 1%
N 1 QN R Y 1 B = A 1 ) | B g (1 B QP = R N O 21
IR ZHL R 2, Horh FCARGRFE 2 2,
F 2 SLM HiJE 4Cr5MoSiV1 i RE i $4b 31 2 5
Table 2 Heat treatment parameters for 4Cr5MoSiV1

steel samples fabricated by SLM

Sample No. Heat treatment condition

1 Untreated

2 200 °C/2 h/FC

3 400 *C/2 h/FC

4 450 C/2 h/FC

5 550 ‘C/2 h/FC

6 600 C/2 h/FC

7 550 C/2 h/FC+550 C/2 h/FC
8 600 ‘C/2 h/FC+600 C/2 h/FC
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Fig. 2 XRD profiles of samples
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Table 3 Phase compositions of samples

Mass fraction /%

Phase

Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6 Sample 7 Sample 8
a-Fe 99.067 99.186 99.518 99.570 99.716 100 99.876 100
Y-Fe 0.933 0.814 0.482 0.430 0.284 0 0.124 0

St F SLM i 4Cr5MoSiV1 £t AL & 1] k &b
PRSP URE 5 o-Fe A7 0 06 09 735 58 £f1 (20 ) Fn 2k
W4 58 () WER 4 i, IR 4 ATLLAE WM&

(e 2L B2 A T g R[] KK 1 22 L i S i 1) AT
A5 32T 3 O B B, o 0 4 T DN 5RO AR Y
[ER 208

F 4 HIRFET o-Fe A7 10519 20 A F121 i 4 58
Table 4 FWHM and 20 of a-Fe phase of each sample

Sample No. 1 2 3 4 5 6 7 8
20 /(%) 52.155 52.209 52.235 52.266 52.286 52.288 52.338 52.341
Wi/ 0.740 0.542 0.526 0.524 0.512 0.500 0.503 0.382

a-Fe 7 5 W22 06 4 G 1) B A1, SR WD 101 2k 4b 3R

AR A ZUR A T AL, o Fe fiT 5506 20 £ 1)

Ak B A T () B R A TR A, 20 R 5 T TE] R Y
KA AR Bragg Jr R m HH

2dsin0 =nA (n=1,2,3,), (D

Krfrod i I EE 0 S AR X525 0 I T Y

Jefsa R X LB PAS s I ATH P, 1] KAk PR
J&i so-Fe fiT ST U1 20 ff 38 R 58 B BE o 980/
fif I ) BT ) /) 38 B [l o Ak R B s o (4 2o A A
B TC R T T B0 A% I B

Ty A v 11 ok A 0 A ik Ak 9 T BT s
L 190 2 ek B T g A [0 K OB 22 5 [RGB AP
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(d) 450 °C/2 h;(e) 550 C/2 h; () 600 C/2 h;(g) 550 C/2 h+550 °C/2 h;(h) 600 C/2 h-+600 ‘C/2 h
Fig. 3 Microstructures of samples. (a) Untreated; (b) 200 °C/2 h; (¢) 400 C/2 h; (d) 450 ‘C/2 h; (e) 550 ‘C/2 h;
(f) 600 C/2 h; (g) 550 C/2 h-+550 °C/2 h; (h) 600 °C/2 h+600 C/2 h
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Table 5 Grain sizes of samples

Sample No. 1 2 3

4 5 6 7 8

Grain size d /pm 1.14 1.34 1.51

1.68 1.70 1.81 1.79 2.06
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IR BE T e IR Y AR R 32 R

550 C W Il KA fbr RSE 858 550 °C— Wl K 5
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Fig. 6 Fracture morphologies of samples. (a) Untreated; (b) 200 ‘C/2 h; (¢) 400 °C/2 h; (d) 450 °C/2 h;
(e) 550 ‘C/2 h; (f) 600 C/2 h; (g) 550 ‘C/2 h+550 C/2 h; (h) 600 C/2 h-+600 °C/2 h
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Fig. 7 Dimple morphologies of tensile fractures of samples. (a) 550 “C/2 h; (b) 600 “C/2 h;
(¢) 550 C/2 h+550 ‘C/2 h; (d) 600 C/2 h+600 C/2 h
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