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Abstract The selective laser melting (SLM) technology is used to obtain the 24CrNiMo alloy steel for studying the
influence of the laser scanning process parameters on its microstructure, relative density, hardness, and tensile
properties. The results demonstrate that the microstructure of the SLM-formed alloy steel comprises tempered
martensite and a small amount of retained austenite. The molten pool volume increases, whereas the cooling rate
decreases with increasing laser power and decreasing laser scanning speed, resulting in the coarsening of the
tempered martensite lath and the widening of the heat affected zone; further, the microhardness of the steel is
observed to decrease. Meanwhile, the pores induced by the non-melted particle decrease, improving the relative
density. The highest relative density of 99.93% can be obtained when the laser power and scanning speed are 320 W
and 750 mm/s, respectively. When the laser power is 320 W and scanning speed is 950 mm/s, the SLM-formed
alloy steel exhibits optimal tensile properties, its tensile strength and yield strength are 1362 MPa and 1252 MPa,
respectively, and its clongation is 16. 2% . Under reasonable SLM parameters, the comprehensive mechanical
properties of the 24CrNiMo alloy steel formed via SLM are significantly better than those of the as-cast steel.
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Table 1 Chemical composition of 24CrNiMo alloy steel powder, SLM-formed alloy steel and as-cast alloy steel
Mass fraction /%
Element
Fe C Si Mn Cr Ni Mo \% S O
Powder Bal. 0.28 0.15 0.83 0.94 0.90 0.55 <20.01 0.005 0.034
SLM Bal. 0.26 0.14 0.75 0.93 0.91 0.56 <20.01 0.005 0.0097
As-cast Bal. 0.25 0.49 1.14 0.82 1.02 0.56 <0.01 0.015 —
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Fig. 1 Morphology and particle size distribution of 24CrNiMo alloy steel powder.

(a) Morphology; (b) particle size distribution
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Fig. 2 Schematic of scanning strategy of SLM forming
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Fig. 6 TEM images of molten pool zone and heat affected zone of SLM-formed alloy steel

(forming parameters: P=2320 W, v=950 mm/s). (a)—(c) Molten pool; (d)—(f) heat affected zone
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Fig. 7 OM images of XOZ cross-section of SLM-formed alloy steel with different laser parameters (etched by 4% nital)
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Fig. 8 SEM images of XOZ cross-section of SLM-formed alloy steel with different laser parameters (etched by 4% nital)

i & 7 3 0] LR B, SLM RIE & 4 40 P 3 Lk B
T LR CPE o i 2 3 R b v DX 30, FLR 5 AR A
JURCK BT RO AR 5, o, KRR FLR 528 31
DT AR , 32 2T BT 46 T8 ) 45 422 X0 IR 3 38 43 L )
FRAEAE BRIE BORE, a1 7 Ca) R Y 5 A% SEM 1 K B
7N o 3K B L R RAE A AL . N RS LR & R
B, EE AR )= AE. A 7 i ff SEM
HHE TR . FEAH R OB D ST, Bl O 49 4 o
RAATR LR 5 Sk o ¥ il 2> 5 6 A [] %) 9RO 4 4 3
T, B 5 WO R R FLIR B R R . LI &
B WA SN EER . K9 B8 T SLM BB &
iR R Y I S Tl N o
200 W.1250 mm/s Zx44 F . & 4 9 1 350% B e IX, Y
1 95.4 % s MPOLI R K E 320 W H F1H4 8 A%

£ 750 mm/s B, A 4R B0 B B R, M 99.93 %0,
BUEA & WEBUHE B ROC T 22 8M 2 5 K 7
FLAR Ay LI 235 5 — 50, R« 4 = SO'E D) 3R 5 R IR0
TR R 10T e BUE B S I BUR T

R SLM BUE & 4N B A L HOE T 2 2
oA nr g —2 B 10 frR R R EA T
e SLM i F v, B — )2 1 BOE 55 T b 2 X TE Ry
KRIZHAT BB O AR . e T8 00 Il TR AR I
M 5 72 A Ky ARG GE AT s A AE R B AR LA L 3
e — F AT DL O S SR O R B . Y
WOLH A GE i BARE, anE 10 Ca) B, — J7 S I
b Fr AR AR/ L R ) 45 4 18 BB 2% 1 T B4 3 42 e AR A 4
JIN S S IS 2 DOV B Y Be A5 WURL AN R e AL O — T
TR 75 e T 88U il 4 9 1 80 8 K, AN RE AL b

0502008-6



th i

i ot

T BE S B 4 e FL AL . Rk, 2 HOR IR
B FLIRIE BT #5453 A B/ By Js it 5 3L
JEE D AR K, 2 G E TS — 'SP
AR B B AR IR A e X, I 5 BUR B W5 3
TF X 30y 25 )2 (layer n) . 3 REOCHIA
RE LIS, QB 10 (b)) JT 7, 4 A4 R K, 445 3 ] 45
22 DX B ] S 425 S 0 88 P A2 il 5 4 W ) 3t Bl
o, PRS2 DRI B AL IR AS LATH B . [R]I ,
TE 1 B AR /N 2 T 2 A I % TR B
1) FR e DR AR I/ . 3G RO A RE L S B
SRRNE B LR LA T % (H 95 B3 2 IR A7 AE /D it
/B R TE LI . an & 7 Ce) PR £% SEM 46 & B s
X T P B DR AP SR SOk A A B AR

4 28 A RSB 18] 2% 116 SRS B e Y T 0 6 A7 A 4
NI

—=—200 W

——260 W
00} ym W
5 ’\o\‘
b=y
é 98+
o
2
g
)
SN

700 800 900 1000 1100 1200 1300
Scanning speed /(mm-s)

K9 RRITESHT SLM WK & 48 1 80%
Fig. 9 Relative density of SLM-formed alloy steel

with different laser parameters

(@) low energy input ®) high energy input
ayer 2n+2 . x
w /
layer 2n ® —
ayer n+2 \
w v
layer n -«

B 10 SLM RIES &M XOZ WIESHEHOLE T2 280 s ZIE .

Ca) WOL T A BE B BRI 5 (b) WL R A BE 1 885 i)

Fig. 10 Schematics of XOZ cross-section morphology evolution of SLM-formed alloy steel with

different parameters. (a) Low energy input; (b) high energy input
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Table 2 Mechanical properties of SLM-formed alloy steel and as-cast alloy steel

Mechanical property Sample 1# Sample 2 # Sample 3 # As-cast alloy steel
Yield Strength /MPa 1292 1252 1141 1034
Tensile Strength /MPa 1426 1362 1315 1157
Elongation /% 7.7 16.2 15.1 15.4
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Fig. 13 Tensile fractures of SLM-formed alloy steel and as-cast alloy steel.
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