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Fig.3 XRD pattern of the SLMed Inconel 738 alloy

K4 SLM B Inconel 738 & &+ y I MC ALY K TS
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Inconel 738 alloy on XY plane



o5 8 1

VAR EXBOLHEUATE Inconel 738 & &R EUE MMLELE % 0] 51

* 2795 -

K7 SLM BJE Inconel 738 &4 24401 SEM JE3 L K Z440 7 iy EDS A8 18 11 1485 43
Fig.7 SEM micrographs of crack (a) and EDS mapping analysis of crack boundary (b) for SLMed Inconel 738 alloy
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Fig.8 Crack distribution (a), stress distribution (b), grain (c) and grain misorientation distribution (d) of SLMed
Inconel 738 alloy on XZ plane
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(a) XY plane and (b) XZ plane (¢, @, p,-three Euler angles independent of each other)



o5 8 1

VAR EXBOLHEUATE Inconel 738 & &R EUE MMLELE % 0] 51

* 2797 -

Ko7 1y =2 B BH R A R AR, DR S B IR HE AT U
<001>J7 A K . 76 SLM I B2 ik 52 2Ot 14 7 )
(RS, S 25 T 8 et 30 B 3 P 3 o F L o 5 o P R
R A, KR A AR KT R B R A, B
M THATIR 58 A2 A T 1) AR B O 46 7 ) HE AR —
Fh<100>77 [P0, FrLL, 7 XY R XZ 1H S AR %
I 5 <100>H 7] .
2.4 NiEtERe

K 10 & SLM % JF Incoenl 738 4 448 XY J i) Al
XZ J7 i 1k ae . WA, XY J7 A ) e i
SRIECN 890 MPa, HUFI#JEA 1070 MPa, IEfifiz
23.5%;: XZ J7 [ RAE 1 e IS 5 24 970 MPa, Hidiik
[ 49 1140 MPa, ZEHE K 20%; 5 3CHR[26]45 H 155
ke BRI SE A 765 MPa, HLzsR[E k) 945 MPa,
AR ANy 7.5%) AHLL, B SLM /¥ Inconel 738 &
S AAERE GG, LR I S ) F R A s i
RFE H A B e & o X & B SLM B JE Inconel 738
AHEARTD A AN Ao K 0 6 NS U S 7 T S N AT 1
W ECT, an s b b e . M, 78 Z 5 i
SREER XY 5 ) B SR EE S, AR A R . SLM
JE Incoenl 738 iAFF IR SHT HHAH Ak K/ TR AL
N BRIAT 5 o E XY TN XZ T b KT e A o 28 0 55 A
], AR 1 um A4, RIS, 52 SLM
Inconel 738 & 4 i FF 5 & 1) IR 38 = 2 Tl S 8URI 41
Ko SRRE TR LR 00 27 P R PR 55 1 32 A4 I AH N 3
B Z 0 NI ) R 1 () O R/ o AR I 590 DT g e 4
WEN =, oy, Horb, w RS TR K o b I
FVIN Ty, N EE o RN Ty, BEE A
TR N, B 11 SLM #JE Inconel 738 454>
16 XY AT XZ [ b ) X s dn e i

1200 '- Tensile strength 30
I Yield strength
1000 | Elongation 125
X
S 800t 120
= £
= 600t 155,
5 £
£ 400} {105
©n
200} 15

OCast specimen XY specimen XZ specimeno

Specimen

Kl 10 SLM HJE Inconel 738 < 7E XY A1 XZ J7 i 1 ) 27k g
Fig.10 Mechanical properties of SLMed Inconel 738 alloy in XY

and XZ orientations

25

—_ —_ )
[} W S
T T T

Frequency/%

W
T

(=]

0.36 0.40 0.44 0.48

[\
(9]

—_ [\
W (=]
T T

—
(=)
T

Frequency/%

0.36 0.40 0.44 0.48
Schmid Factor, u

11 SLM &JE Inconel 738 &4 A HL M) K u 43 AT
Fig.11 Distribution of orientation factor () of SLMed Inconel

738 alloy: (a) XY plane and (b) XZ plane

XY F1 XZ 1f0 EREUn N g FE AR 0.405~0.495
Z I L 99.8% LA b, Horh XY 1 b i~ 35 B e A
T u k045, XZ M ERCEEGR BT 1 o 0.46, PR
by KRR SR A DN g e AT AN, XY T i R
w1 XZ J7 1) o 1 SE B EARE e v AL, XY U5 )
1 Je IR 8 BEAES T XZ 7 1), X2 DA R GUHE XY T B
ARSI, BT IMEYE XM Y oA, 3 i At
. WfE Z 75 ERREU AT, BAPAT TR,
KL s XY J5 [ 7 fH )5, SLM B Inconel 738 & 4
PSR EEAS, TMAE XZ J7 m B s . &8 BTk, XZ 5
] (RSB KT XY Tl T G A 2N T XY T .

3 & it

1) SLM i J¥ Inconel 738 15 4 fEAR IS ity L i 4L
L2 PR A TG RSO, AER AR BN g B AE T
NYRIE SRR [FR, G B R AR N ) 3
)O3, A GUER U R I ) ORE I ) 22 TR AR T
ROMALE : XY 1 LR G 10 3 5 T EOCH A T7
), XZ I - MRERET AT T Z e

2) SLM &% Inconel 738 &4 A H 1) 55 e K
T T B AT %, 76 XY M XZ T A4 34 3 B HE 5R<100>
QS



* 2798

Mty e lm A RS TR

%49 35

3) WF XY A1 XZ J5 18] () SLM BB AR FE 1) 27 P g
e TR AR, B XZ 5 W s T XY 7R, I
GEAF RN T XY J7 1]

S0k

[1] Ojo O A, Richards N L, Chaturvedi M C. Metallurgical and
Materials Transactions A[J], 2006, 37(2): 421

[2] Balikci E, Raman A, Mirshams R A. Journal of Materials
Engineering and Performance[l], 2000, 9(3): 324

References

[3] Hays C, Rudnicki A. Journal of Materials Engineering and
Performance[J], 2008, 17(4): 566
[4] Rochus P, Plesseria J Y, Elsen M V et al. Acta Astronauticall],
2007, 61(1): 352
[5] Bremen S, Meiners W, Diatlov A. Laser Technik Journalll],
2012, 9(2): 33
[6] Carter L N, Essa K, Attallah M M. Rapid Prototyping Journal
[J], 2015, 21(4): 423
[7]1 Zhang D Y, Zhang P D, Liu Z et al. Additive Manufacturing[J],
2018, 21: 567
[8] Zhang Jie(jk %), Li Shuai(Z* i), Wei Qingsong(FLH14) et
al. Chinese Journal of Rare Metals(¥iH 4 J&)[J], 2015,
39(11): 961
[9TLu Y J, Wu S Q, Gan Y L et al. Optics and Laser Technology
[J1, 2015, 75: 197
[10] Chen Y, Zhang K, Huang J et al. Materials and Design[J]],
2016, 90: 586
[11] Cloots M, Uggowitzer P J, Wegener K. Materials and Design
[J], 2016, 89: 770
[12] Perevoshchikova N, Rigaud J, Sha Y ef al. Rapid Prototyping
Journal[J], 2017, 23(5): 881
[13] Xu J J, Lin X, Guo P F et al. Journal of Alloys and Com-
pounds[J], 2018, 749: 859
[14] Xu J J, Lin X, Zhao Y F et al. Metallurgical and Materials
Transactions A[J], 2018, 49: 5118
[15] Qiu C L, Chen H X, Liu Q et al. Materials Characterization
[J], 2019, 148: 330
[16] Carter L N, Martin C, Withers P J et al. Journal of Alloys and
Compounds[J], 2014, 615: 338
[17] Catchpole-Smith S, Aboulkhair N, Parry L et al. Additive
Manufacturing[J], 2017, 15: 113
[18] Harrison N J, Todd I, Mumtaz K. Acta Materialia[J], 2015,
94: 59
[19] Duan Ranxi(B:#& ), Huang Boyun(3%1/12), Liu Zuming(X|
#4%) et al. The Chinese Journal of Nonferrous Metals(H

1482401, 2018, 28(8): 84.

[20] Zhou Z P, Huang L, Shang Y J et al. Materials and Design[J],
2018, 160: 1238

[21] Yang J J, Li F Z, Wang Z M et al. Journal of Materials
Processing Technology[J], 2015, 225: 229

[22] Guo M, Gu D D, Xi L L et al. International Journal of
Refractory Metals and Hard Materials[J], 2019, 79: 37

[23] Chauvet E, Kontis P, Jigle E A et al. Acta Materialia[l],
2018, 142: 82

[24] Kunze K, Etter T, Grisslin J et al. Materials Science and
Engineering A[J], 2015, 620: 213

[25] Geiger F, Kunze K, Etter T. Materials Science and
Engineering A[J], 2016, 661: 240

[26] Rickenbacher L, Etter T, Hovel S et al. Rapid Prototyping
Journal[J], 2013, 19(4): 282

[27] Messé O M D M, Munozmoreno R, Illston T et al. Additive
Manufacturing[J], 2018, 22: 394

[28] Montazeri M, Ghaini F M. Materials Characterization[J],
2012, 67: 65

[29] Jin Zhu(4: #E), Ma Shiji(Z5£3%). Acta Metallurgica Sinica
(&R O[], 1974, 10(1): 12

[30] Ojo O A, Chaturvedi M C. Metallurgical and Materials
Transactions A[J], 2007, 38(2): 356

[31] Ojo O A, Chaturvedi M C. Materials Science and Engineering
A[J], 2005, 403(1-2): 77

[32] Basak A, Das S. Journal of Alloys and Compounds[J], 2017,
705: 806

[33] Zhang Jie(3k ¥%), Li Shuai(Z= Ji), Wei Qingsong(FL75H2)
et al. Chinese Journal of Rare Metals(%i4 4xJ&)[J], 2015,
39(11): 961

[34] Li Qiuge(ZEFKHK), Lin Xin(#k %), Wang Xinhua(E#&£) et
al. Rare Metal Materials and Engineering(%i & @+ ¥l 5
TFE)[J], 2017, 46(4): 955

[35] Song Wulin(RiEi#K), Zhu Beidi(Zk % 4), Gan Cuihua(H =
1£) et al. Chinese Journal of Lasers("F' [E¥6)[J], 1995,
22(4): 309

[36] Wan H Y, Zhou Z J, Li C P et al. Journal of Materials
Science and Technology[J], 2018, 34(10): 89

[37] Choi J P, Shin G H, Yang S et al. Powder Technology[J],
2017, 310: 60

[38] Mao Weiming(& LX), Yang Ping(# °F*), Chen Leng(I%
¥&). Material Texture Analysis Principle and Detection
Technology(#1 1 UKy 43 Hr JR B 5 K I 352 R )[M]. Beijing:
Metallurgical Industry Press, 2008: 37



% 8 1 VIME RS, EXEOCEALEE Inconel 738 & 4 214U HONLBE J 4% 1) S 1k + 2799 -

Crack Forming Mechanism and Anisotropy of Inconel 738 Alloy
by Selective Laser Melting

Xu Jiayu', Ding Yutian', Hu Yong', Gao Yubi', Wang Hao', Zhang Dong’
(1. State Key Laboratory of Advanced and Recycling of Nonferrous Metals, Lanzhou University of Technology, Lanzhou 730050, China)
(2. State Key Laboratory of Nickel and Cobalt Resources Comprehensive Utilization, Jinchuan Group Co. Ltd, Jinchang 737100, China)

Abstract: The crack formation mechanism, microstructure anisotropy and their effect on mechanical property of Inconel 738 alloy by
selective laser melting (SLM) forming were investigated by SEM, EDS, EBSD, DSC, XRD and universal tensile testing machine. The
results show that austenite y in Inconel 738 alloy mainly precipitates y' phase and TiC during SLM forming, where the solidification
process is L—>y—y+TiC—y+y'+TiC. The low melting point y+y' eutectic structure liquefies due to reheat to form crack source, and
microcracks are formed under residual tensile stress. Meanwhile, the residual stress around the microcrack distributes uniformly, and the
grain misorientation near the initiation of microcrack is higher than that without microcrack zone. In addition, the direction of microcrack
on XY plane is perpendicular to the direction of laser scanning, and the direction of microcrack on XZ plane is parallel to Z axis. The
preferred orientation of Inconel 738 alloy formed by SLM is related to the maximum temperature gradient. The mechanical properties of
SLM formed specimens along XY and XZ directions are higher than those of precision casting specimens, and the strength in XZ direction
is higher than that in XY direction, while the elongation in XZ direction is lower than that in XY direction.

Key words: selective laser melting; Inconel 738 alloy; crack forming mechanism; anisotropy; mechanical property
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