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Fig. 1 Schematic diagram of laser engineered net shaping

system
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Table 1 Chemical composition of SS316 and Ni20

JITFH 316 ANERAN Ky AR Ni20 45L& b A TRRE 340 4y
45~90 pm, XN IR 1o RIS AR T
JER, SZUFTHE—E LA A IR A PR B R oK

316 ANEBEANH R B0 AU7E 1371~1398 CHGHE P,
Ni20 #HEE S0 AR SU7E 1050~1150 CYaHE N, P
Pl A5 55 AH 22 300 ‘CAiAT o W U WO TR 17
R LA ] LG S TR AR AR S AT FE o5 B S 7
K, EEEHOLTIRIEEY 660~960 W, HOGFIRIE
H 6 mm/s, EHFRN 3.6 g/min, FOLHRIEKEAN 3
mm. G FER AR EE AR, BEOE 1 )2
BOGsk i FIRTF A 024 mm. RSB K Y
10%, BIVRAH AR T SS316 Fitft 2 b bEA% 10%, AH
IR Ni20 BB 6 1 i 2 208 10%. KA Bk
1) T ESERIEAN R 8o e R 25k 50 )2, KIEH
80 mm [¥] 18 2 JZWERELE, JEUMEEANE LS T BT
(1T 25100 o

PN EN DN BOAR [)  2 L A0 (R RE £, 4 L]
FARAEGAHARE, R EARAFREE R 3:1 IR Eh R AN
AR IR A V) AT S AH R 1k, Olympus 62 W st
(OM)FIF$H 7~ S U5 (SEM) X 4 AR RE (1) Wt 2 48
MR IS IEAT M EE, SEM Bt 1R BE 1% 40 BT A
(EDS)X EAT B3 EAT 4307, X AT 9 I (XRD)
X6 A R AR A A T AR I o

2 FERE5HM

2.1 EMHER

FE IR B AR KA 10%33E4 TG 14 R T e
ghl e, HZOUESWE 2 s, S8R M: By
Eb A 0~20% SS316+ 100% SS316 [H AN K
Uf, TEMAGCHEEEES), Wi 2(a)s (b)s (o) (k)
FT7R o 30%~90% SS316 X 7 FAN [ii] i 43 b A5 iy R -
HIAFIFLE R IFZE, W 2(d)~0)Fir. R80T T
) SRR T T, REGR G T EEREET
T 246 1T SR AP o S 2 A

Powder Mass fraction/%
Cr Ni Mo Si W Cu A\ P Al Sn S Fe
SS316
17.45 11.91 2.82 1.17 0.21 0.11 0.04 0.03 0.03 - - Bal.
Cr Ni Mo Si \\% Cu \% P Al Sn S Fe
Ni20
3.69 Bal. - 2.21 - 0.33 1.71 0.48 0.025 1.71 0.025 18.42
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Fig. 2 Macro-morphologies of SS316/Ni20 composite with different compositions: (a) Without SS316; (b) 10% SS316;
(c) 20% SS316; (d) 30% SS316; (e) 40% SS316; (f) 50% SS316; (g) 60% SS316; (h) 70% SS316; (i) 80% SS316; () 90% SS316;

(k) 100% SS316
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Fig. 3 Microstructures of SS316/Ni20 composite with different compositions: (a) 100% SS316; (b) 90% SS316; (c) 70% SS316;

(d) 40% SS316; (e) 20% SS316; (f) Without SS316
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Fig. 4 XRD patterns of SS316/Ni20 composite with different

components
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Table 2 EDS analysis of different points in Fig. 5
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Fig. 5 Microstructures of SS316/Ni20

composite with different compositions:
(a) 90% SS316; (b) 70% SS316; (c) 40%
SS316

Mass fraction/%

Point No.
Si P S Cr Fe Ni Mo Sn \Y
1 0.46 4.05 0.51 42.22 25.49 5.13 19.78 0.49 1.88
2 1.04 0.08 0.09 17.16 58.03 20.63 2.16 0.35 0.46
3 0.56 3.54 0.01 31.86 25.86 16.49 14.12 6.02 1.53
4 1.26 0.09 0.06 14.07 52.51 30.35 1.35 - 0.32
5 1.33 0.16 0.12 9.42 40.64 46.61 0.52 0.62 0.58
6 0.22 0.39 0.04 48.44 21.61 8.4 18.38 0.44 2.08
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Bl 6 40% SS316 H M BRI
Fig. 6 Microstructures of crack of composite with 40% SS316: (a) Microstructure of crack; (b) Partial magnification of Fig. 6(a)

&3 40% SS316 EAMEHITREMF OV L) EDS s #r4h R
Table 3 EDS point analysis of micro-crack of composite with 40% SS316 shown in Fig. 6

Mass fraction/%
Point No.
Si P S Cr Fe Ni Mo Sn W
7 5.43 0.78 0.08 9.78 30.82 47.02 3.06 2.24 0.8
8 2.23 0.14 - 9.96 38.89 47.25 0.74 0.79 -
9 2.69 1.81 0.18 14.06 34.77 42.28 1.88 1.57 0.75

Slag microstructure 3.

Fv

B 7 40% SS316 K& HPRIZLNI T
ST EIEN

Fig. 7 Crack surface microstructures of
composite with 40% SS316: (a) Upper

microstructure; (b) Middle microstructure;

(c) Lower microstructure
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Fig. 8 SEM image(a) and elemental distribution((b)—(f)) of crack surface of composite with 40% SS316
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R4 40% SS316 H A REHETIH 73 76 % EDS Z3Hr4i
Table 4 EDS analysis result of elements in crack surface of

composite with 40% SS316

Mass fraction/%

Main element

On crack surface In design ingredient

Si 5.48 1.794
P 1.48 0.294
Sn 3.41 1.026
Cr 13.64 9.194
Ni 39.88 47.616
Others Bal. Bal.
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Cracking mechanism of SS316/Ni20 composite fabricated by laser
engineered net shaping

HAO Yun-bo, ZHANG Guo-hui, MA Guang-yi, YAN Shuai, NIU Fang-yong, WU Dong-jiang

(Key Laboratory for Precision and Non-traditional Machining Technology, Ministry of Education,
Dalian University of Technology, Dalian 116024, China)

Abstract: The mixed gradient materials produced by the laser engineered net shaping (LENS) process are vulnerable,
which restricts seriously the application of these materials. Different proportions SS316/Ni20 composite thin-walled
structures were prepared using LENS™ and the microstructure, phase composition and distribution of elements under
different compositions were studied by OM, SEM, XRD and EDS. Under the given process conditions, the results show
that when SS316 mass fractions are 100%, 20%—0, the components appear well without crack. While, when the mass
fractions ranges from 90% to 30%, the components crack. The morphology analysis of crack and elements distribution of
the crack surface indicates that the cracks propagate along grain boundaries and the grains on the crack surface are visible,
the cracking belongs to the hot crack domain. The main reason of cracking is the grain boundary segregation of impurity
elements during solidification and hard phase continuous precipitation on the grain boundary, which reduces the bonding
strength between the grains. It is prone to cracking under residual stress.
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