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Abstract The organization and tensile properties of as—deposited, 400 C/3 h annealing, 900 “C/3 h annealing state
and hot isostatic pressing (HIP) of 316 stainless steel by selective laser melting are studied . The results show that

the deposited organization is mainly composed of columnar crystals grown epitaxially. The organization of the as—

deposited sample after 400 C/3 h annealing doesn’t change significantly, the transverse and longitudinal strength

increase slightly and the longitudinal elongation improves significantly; the coarse columnar crystals after

HIP, the coarse columnar crystals split into small columnar crystals and tend to equiaxial. The lateral and
after 900 “C/3 h anneal match the best.

strength and elongation attain the forging level. By comparing of the four states, the tensile strength and elongation
OCIS codes 140.3390; 140.3580; 160.3900

900 C/3 h annealing split into more slender columnar crystals. In the case of strength reducing, the transverse and
=]

longitudinal elongation improve significantly and the tensile strength and elongation attain the forging level; after

longitudinal strength decrease significantly, while the lateral and longitudinal elongation increase, the tensile
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Fig.1 Microstructure of 316 stainless steel powder
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Table 1 Chemical components of 316 stainless steel powder
Element Si Cr Ni Mn Mo C 0 Fe
Mass fraction /% 0.74 17.2 12.54 1.47 2.51 0.052 0.059 Bal.
2.2 SLWHE
F 20 316 AN WBOE P L T R T 8 T 2S5
AL WY ORI RE , RS O 3 mmx80 mmx80 mm , MY 5 X H e 1w MEAT AT S R 4 B O .
44, o300 OGP U G DURRZS L 25 0 3B K A v TR SIS R IA SR i T (HIP) S . PR B A R B 5k
3FR .

0406003-2



AU I S
2 316 AFEMHOL R UIE T 225
Table 2 Technological parameters of 316 stainless steel by SLM processing

Laser power /W Scanning speed /(mm+s™") Overlap rate Layer thickness /pm

160~190 300~600 35% 20~50
3 WO HE R IE 316 A 45 BRI RE P AL 3 5

Table 3 Heat treatment of 316 stainless steel specimen by SLM processing

Number Heat treatment process Cooling way
1 400 C/3 h Furnace cooling
2 900 °C/3 h Furnace cooling
3 920 C/3 h HIP (140 MPa)
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Fig.2 As—deposited microstructure of 316 stainless steel by SLM processing. (a) Epitaxial columnar cellular growth (OM);
(b) interlayer line (SEM)
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Fig.3 As—deposited defects of 316 stainless steel by SLM processing. (a) Bad fusion; (b) porosity
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Fig.4 Microstructure of 316 stainless steel by SLM processing at different heat—treated conditions. (a) 400°C/3 h; (b) 900 °C/3 h
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Fig.5 Microstructure of 316 stainless steel by SLM processing at HIP treatment. (a) Macrostructure; (b) porosity
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Fig.6 Room temperature tensile properties of 316 stainless steel by SLM processing. (a) Vertical; (b) horizontal
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Fig.7 Fracture surfaces of 316 stainless steel by SLM processing at different states. (a) Photograph;
(b) as—deposited; (c) 400 C/3 h heat-treated; (d) 900 °C/3 h heat-treated; () HIP

M7 iR o] LLE H TR F1400 °C/3 hial a8 22 U8 A BT 11 19 28 T K BH S 17 36 196 7 >R 2850 7 ol R 1A
12 b DT 24 /NS T A/ 40 8 A, i T A PR IR 2, A R 7(b) L (o) BT s 5 T AR X TR S AT 400 °C/3 h
IR KA,900 C/3 hial kA AR AT R A 00 2 WL T 1A B Y S i R AR IR ROU BT 1 BB B R, L H R
900 °C/3 hild k& fw 2, F2 M e AR fe K, Fo 3 b At = etk 2 () 390 5 B IR T K i LR s P ik B R 2 /)
B IR T 900 C/3 hial kA A B B R AR E A o S8 o g 9 R AT X 5 BT B A B A 1) s R AR
REAH AT o

0406003-5



S I S

4 4t

1) WO BE XA AL T 1 316 A5 A DT AU URE 1) S A 4 20 2 22 fh B 2R 26 3 )2 S A A K AR
K

2) PLARAS AN [) R4 B ) 32 5 1) SO0 2H 2R A A2 A AN T) o 28 400 °C/3 hil K e, 2H 4UCAH B i 1 7
b5 25 900 °C/3 hil S5, B 43 KL R AR AR 43 24 AR 22 85 A B9 AR AR i, 0 /DS A oRE 8 28 7228 B BT 28 1T 20 5 7
JZE YRR R i 5 IS A R AT LA DR/ SO o X A BT 316 AN 45 A9 B AL, AR R R S 41 20 B R R IR R 4
S0 /IR A K S8 RS SR N O A SR

3) WG BE X A BUE 316 AN G5 4K TR (9 A 1) Sor il v BB R 2 & T m B v g L R I — 2 1 45 1)
P L 28 = R A b R S X R A 1) A AR AR TE . 4 FCIRAS A EEHR, 900 C/3 bR kA RN AR AR R RS Y
58 5 5 20 P 3R A0 8 B 1 K OF L T 900 °C/3 hialR k2 A R 5 2E A SR DT L f A . 4 RIS I OB IR 11 3 AR AR
55,900 °C/3 hil KSR L H IR,

£ % XM
1 Abe F, Osakada K, Shiomi M, et al.. The manufacturing of hard tools from metallic powders by selective laser melting[J]. J Mater
Process Tech, 2001, 111(1-3): 210-213.
2 Kruth J P, Froyen L, Van V J, et al.. Selective laser melting of iron based powder[]]. ] Mater Process Tech, 2004, 149(1-3): 616-622.
3 Yu Jinshui, Qiu Changjun, Zhou Ju, et al.. Analysis on microstructure and tensile fracture characteristic of 304 stainless steel
specimens made by laser rapid forming[J]. Laser & Optoelectronics Progress, 2012, 49(1): 011402.
Ak, B M, AF L OB T TE 304 A5 1T 4L 405 B BT ORRPE 2R AT ()] OGS0 T AR R, 2012, 49(1):
011402.
4 Yang Yongqiang, Luo Ziyi, Su Xubin, et al.. Study on process and effective factors of stainless steel thin—wall parts manufactured by
selective laser melting[J]. Chinese J Lasers, 2011, 38(1): 0103001.
WK, B 12, R ME, A5 R G5 I RE 1 15 DCIOE I AR 8 BB R RSB SE (D). R RO, 2011, 38(1): 0103001,
5 Zhang Jianhua, Zhao Jianfeng, Tian Zongjun, et al.. Experimental research on selective laser sintering of nickel-based alloy powder
[J]. China Mechanical Engineering, 2004, 15(5): 431-434.
sk Ae, WG, R 2L, S SRS &M R 1R PR ME R A I AT S T E AL AR, 2004, 15(5): 431-434.
6 Shen Yifu, Gu Dongdong, Yu Chengye, et al.. Simulation of temperature field in direct metal laser sintering processes[J]. China
Mechanical Engineering, 2005, 16(1): 67-73.
UL, A& 2, ook, 45 3 AR R R B RE 45 OV TR LRI, v = BLBR TR, 2005, 16(1): 67-73.
7 Yadroitsev I, Gusarov A, Yadroitsava I. Singletrack formation in selective laser melting of metalpowders|[J]. ] Mater Process Tech,
2010, 210(12): 1624-1631.
8 Pan Yanfeng, Shen Yifu, Gu Dongdong, et al.. Balling effect during direct laser sintering of 316 stainless steel powders[J]. China
Mechanical Engineering, 2005, 16(17): 1573-1576.
BV, DR DAL, A2, A5 316 NS AR A% HOLBe 45 Y BRALION (1], EHLBK T2, 2005, 16(17): 1573-1576.
9 Li Peng, Liu Bin. Selective laser melting processing of space gridded porous 316 stainless steel[J]. Hot Working Technology, 2013,
42(8): 50-52.
25 M, R k. 2 [A] R 22 L 316 AN AR AY Ik X IOE R AL £ (0], #Un T 1045, 2013, 42(8): 50-52.
10 Tolosa I, Garciandia F, Zubiri F, et al.. Study of mechanical properties of AISI 316 stainless steel processed by “selective laser
melting”, following different manufacturing strategies[J]. Int J Adv Manuf Tech, 2010, 51(5-8): 639-647.
11 Zan Lin, Chen Jing, Lin Xin, et al.. Research on microstructures of deposited TC21 titanium alloy by laser rapid forming[J]. Rare
Metal Materials and Engineering, 2007, 36(4): 612-616.
B OGRS AR & SO AR TC21 BkA S LRSS ). T AT G B AR 5 LAR, 2007, 36(4): 612-616.
12 Wang Di, Yang Yongqiang, He Xingrong, et al.. Fiber laser selective melting of 316L stainless steel powder[J]. High Power Laser
and Particle Beams, 2010, 22(8): 1881-1886.
T, kR, 724, AF L 316L AN G MR AL £ B0 2B DU AL AREPE[T]. 5RO 508 T 3R, 2010, 22(8): 1881-1886.
13 Zhang Shuangyin, Lin Xin, Chen Jing, et al.. Influence of heat treatment on the microstructure and properties of Ti- 6Al-4V
titanium alloy by laser rapid forming[J]. Rare Metal Materials and Engineering, 2007, 36(7): 1263-1266.

0406003-6



A R S
TRRER, AR E PR R, SE IR BT BOE Y TC4 G A S R PERE B A ] A6 A 4 JE RS TORE, 2007, 36(7): 1263-1266.
14 Lin Xin, Yang Haiou, Chen Jing, et al.. Microstructure evolution of 316L stainless steel during laser rapid forming[J]. Acta
Metallurgica Sinica, 2006, 42(4): 361-368.
M IR, B B, SE OGP BOE SRR T 316L R 4K A 40 T AR ()], 42 JE A AR, 2006, 42(4): 361-368.
15 Trivedi R, Kurz W. Solidification microstructures: a conceptual approach[]J]. Acta Metal Mater, 1994, 42(1): 15-23.

16 Yadroitsev I, Bertrand P H, Smurov I. Parametric analysis of the selective laser melting process[J]. Applied Surface Science, 2007,
253(19): 8064-8069.
17 Zhang Xiaohong, Lin Xin, Chen Jing, et al.. Effects of heat treatment on the microstructures and mechanical properties of TALS
titanium alloys by laser solid forming[J]. Rare Metal Materials and Engineering, 2011, 40(1): 142-147.
SONEE AR BB HR A S ERX OGS R OE TALS & G 418N ST S R YR R (D). W AT R A RS TR, 2011, 40
(1): 142-147.
EERERE: RiEa

0406003-7



