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Fig.1 SLM scanning strategy (a) and size of tensile specimen (b)
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Fig.2 Recrystallization distribution of as-SLMed sample (a) and annealed samples at different temperatures:

(b) 700 C, (c) 800 ‘C, and (d) 900 ‘C

e
(==}

- Il As-SLMed
| 700 C
00 C
- Il oo0 C

[
S O

Fraction/%
VoW B W
S O O O

—— :

—_
oS O
T

Recrystallized Substructured Deformed

Structure

3 PUBAES KA R B AR KCUUAF (0 7 &5 o B e 3t
Fig.3 Recrystallization ratio of as-SLMed sample and annealed

samples at different temperatures
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Fig.4 Average grain size of as-SLMed sample and annealed

samples at different temperatures
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Fig.5 Subgrain of as-SLMed sample (a); dislocation distribution in the as-SLMed sample (b) and annealed sample at 900 C (c)
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Fig.6 Ratio of grain boundary style for as-SLMed and annealed
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Fig.7 y'phase morphologies of as-SLMed sample (2) and annealed samples at different temperatures: (b) 700 C, (¢) 800 °C, and (d) 900 C
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Fig.8 Carbide morphologies of as-SLMed sample (a) and annealed samples at different temperatures: (b) 700 °C, (c) 800 °C, and (d) 900 C
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B RGP, WA A A > 5 TR R4,
AL FFURAE S AL A HT s 800 CIE kG, fRILWITE
mioRL P B ST RIS, 78 ST R, RSk B 360
nm, SEWISREY, 900 CIEKJE, A B K A
H, RIEGREY, R BRI E] 570 nm.
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RUBRACI Y 221 b b SERRAG A () EDS 40 1 45 . H
X1 ATH, DURASAH 700 CiBKJE, C. Ti. Ta. Nb
St EHIEE, SERBBAHE RSP 4R
AIENPURRAS T di SRR R AL P A MC o BifiAG 3R KB T
s A Cr RS EEEH . TR
/N, EDS HERTER 22, WO TS & 800 CIl K FF: i
AT XRD R4k, 5K WE 9 Prox. 800 CiR kg,

F1 BAKRNLYR EDS TSR
Table 1 EDS analysis results of grain boundary carbide for
as-SLMed and annealed samples (w/%)

Element C Cr Ti Ta Nb Al Ni

As-SLMed  8.20 14.60 4.60 290 2.1 29 497
700 C 3512 11.18 235 128 0.55 1.62 39.64
800 C 13.26 18.54 2.85 233 1.04 332 4528
900 C 17.62 21.04 3.04 1.63 1.41 2.56 4041
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Fig.9 XRD patterns of as-SLMed sample and annealed sample at
800 C (a) and the corresponding enlarged view of the
framed area in Fig.9a (b)
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Fig.10 Distribution curves of local misorientation of as-SLMed

and annealed samples
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Fig.11 Cloud diagrams of Oxawm distribution of as-SLMed sample (a) and annealed samples at different temperatures:

(b) 700 °C, (c) 800 °C, and (d) 900 ‘C
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5272.0 MPa, iz 5® % i 1140 MPa - F+ % 1320 MPa.
P ZERV BN )R TP, A0 d S AL I PR A A R B
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- 4318 - Wi S JE MRS TR 55 49 %
a 1400 urTensile strength 30
Y |—=— Elongation 1
126
£1300 4
7 = 122
= 178
201200 - 1is .g
L 4 =
(0] Ox X % | gl)
o 1100 ] 14 E
g T {10 &
=1000 1
16
900 2

Residual Stress/MPa

100 1 1 1 1
As-SLMed 700 ‘C 800 'C 900 C
Sample

12 BRA I 7 2 B Bl ik 4 2R

Fig.12 Diagram (a) and results (b) of residual stress test
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Fig.13 Microhardness of as-SLMed and annealed samples
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Fig.14 Tensile strength and elongation of as-SLMed and

annealed samples

&, 75 ST 1 55 XM i Ik gL i Y,
Prhrsm g N 442 1300 MPa. smAb AT Y, FEAR 55
T, AR AR ES, AR, R R
F% 4 5354 MPa, SEAZ/NE FTT 4 4.68%.

IR KN 800 CHY, SLM f%JE Inconel 738
O A s AR E . By 5m B FEE 2R (5812, 1330
MPa), N5t T 24 4 PEAE(4100.945 MPa)fK) 1.42,
1.41 5.

3 & it

1) SLM & JE Inconel 738 & 44T A [FIRE (700
~900 C) 2 I K ALER S, LTS A KA B
A, SREN BRI A A5 RS B OREE, R AL AT
HE AN EE S R KA SR AR, R R (B
Wk /), ZH R AR AL D A [ 52 AR KRB R 800 °C
I, FRAYN S 380.94 MPa (UIFA) FI4%E-66.7
MPa, B4R I 453 2R

2) SLM JJ Inconel 738 & 4x(EiB Kt ferp, —
Wy B ETRERK R, K y M B IR E#iK K,
FE IRy (240~440 nm) FIERAIR y'4H (50~250
nm); BRGSO AR SR BT R AL
i S AL ) R OIR ) SR A AT AR, R AEH MC )
My3Ce [ 73%

3) Bk J5 SLM J&JE Inconel 738 &5 458 U R A& 4
S TERERAE bR, SRR BHOE KRS R T
C1E ALY AN )-8 NS 4 N 14 (2 S5 325 iy N 4
K E K 800 “CHY, SLM & JE Inconel 738 & 4 HH &
AR . BUBoRIE (5812, 1330 MPa), MGk T2
G4 PERE(4100. 945 MPa)ff) 1.42. 1.41 f%.
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Evolution of Microstructure and Properties of SLM Formed
Inconel 738 Alloy During Stress Relief Annealing

Ding Yutian', Wang Hao', Xu Jiayu', Hu Yong', Zhang Dong®
(1. State Key Laboratory of Advanced Processing 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: Due to the characteristics of rapid melting and solidification of selective laser melting (SLM) process in preparing Inconel 738
alloy, there is residual stress in alloy, so the alloy cannot be directly used. Thus, stress relief annealing is required. The evolution of
residual stress, precipitation behavior, microstructure and properties of the alloy after annealing at different temperatures (700~900 °C) for
24 h was studied. The results show that the microstructure evolution mechanism is static recovery, while dislocation migration,
rearrangement and grain boundary style change occur and a bimodal distribution of spherical y’ phase (50~250 nm) and short rod-shaped y’
phase (240~440 nm) are formed. The grain boundary carbides change from a dotted state to a continuous one and the type of carbides
changes from MC to M>;Cg; after annealing at 800 °C, the residual stress decreases from 380.94 MPa (as-SLMed) to —66.7 MPa, indicating
the residual stress is eliminated. With the annealing temperature increasing, the microhardness and tensile strength first increase and then
decrease, and the elongation increases gradually. The alloy annealed at 800 °C has the highest microhardness (HV) and tensile strength
(5812, 1330 MPa), which are 1.42 and 1.41 times of those of as-cast alloy (4100, 945 MPa), respectively.

Key words: SLM; Inconel 738; residual stress; precipitated phase; mechanical properties
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