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K1 ATI718Plus B A& SEMJE 5
Fig. 1 SEM morphology of ATI 718Plus powder

&1 ATI718Plus BiAR M1k mlor (R B4y 8, 20)
Table 1 Chemical compositions of ATI 718Plus powder (mass

fraction, %)

Ni Cr Fe Al Co Ti Nb Mo
50.87 18.72 9.56 2.29 840 0.71 4.35 3.57
52.00 18.80 9.32 2.32 886 0.8 3.98 249
51.59 18.10 9.26 1.27 8.61 098 553 3.06
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Fig. 2 Experimental conditions. (a) Schematic of LMD equipment; (b) heat treatment regime; (c) sampling position of tensile specimen;

(d) tensile specimen size
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Fig. 3 Microstructures of as-deposited sample. (a) Macroscopic morphology of XZ surface; (b) SEM morphology at layer band;

(¢) dendritic morphology of XY plane; (d) microstructure of XZ plane; (e) Laves phase; (f) element line distribution
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Table 2 Elemental compositions of inter-dendrite region and dendrite core (mass fraction, %)

Position Ni Cr Al Co Ti Nb Mo
Dendrite core (point A) 53.34 19.42 9.89 1.76 9.01 0.54 3.14 2.9
Inter-dendrite region (point B) 51.19 18.2 9.34 1.53 8.91 1.43 6.93 2.47
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Fig. 4 Microstructures of DA sample in XZ plane. (a) Macro-morphology; (b)-(d
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Fig. 5 TTT curves of inter-dendritic region and dendrite core calculated by JMatPro. (a) TTT curve; (b) partial magnification

[ 6 2 982 “C L 7 B R #A Ak P IS A i I L LT 50

5 H s f AR S AR EE, BT 982 C R # A BRI
VLB A 4 0 58 A 45 TR 1100 °C, 1 B3 M5 2
Je R P R B A L T AR, T2 A IR B0 TR R
PR b SRR RS L 7 0 A R A e A P i
THR R . nE 6(b) FrR , KRR Laves 3 2 1%
fif 25 Ry FURLIR Laves # . = £ SEM EE s v/ AH 3
A AE BB DX 3 5 o A ABATS AT AR A R
ATE Laves A B B M X 2 Nb L R AEB A 4
v SRR R BT EOE R AN A A B AR A B 26 A

T 982 “CIE AL HL, 2 Nb T K 1Y 9 1 BE 28 F 1L 7% A2 2
T5AN %, Nb JT 2 16 R & 6] 09 D SRATS SR AETE o

28k O R EE (1020 °C) Y [ 3 I 204 B AR 5
TCRAMAT A B, W5 7 PR B RERE AR AA B A A
TS B ATE %, DUBRZS A AR AR AR o 4 45 o S 1Y 5

i AL K AR Laves tHIEAC S i, AR T D i 55
WA /NEURIR Laves # . A SEM EME[IE 7(c) 112
7~ Laves fH RGF R KWk /N, A58 0 M,y Mo
B4y,

1602305-4



$£51%5 5 16 H§/2024 £ 8 A

’.@? 3N
i ,"‘\\‘,g{
\i& \ & ‘l\:l i
@ﬁﬁh

y' phase

500 nm

——

Bl 6 982 °C SAHEM XZ T 9 M4 2L (a) 2 ML HL ;5 (b) ~(d) SEM L4 2
Fig. 6 Microstructures of 982 “C SA sample in XZ plane. (a) Macro-morphology; (b)-(d) SEM morphologies
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Fig. 7 Microstructures of 1020 ‘C SA sample in XZ plane. (a) Macro-morphology; (b)-(d) SEM morphologies

3.3 MAERBAABKIGHHH S F R 3 DUBLZS B[R Sk B 5 ) B 2
W0 A TR 1 1 ATT 718Plus UL B 25 RF 5 % Table 3 Hardness values of as-deposited sample and samples
TR B b S RE B R A S R . 5 IR A A after different heat treatments

e, PRk B 5 A 0 T H o B I A A A Heat treatment regime Hardness /HV

B R B AR T T 32.4% {5 = R H Ak AR B 2 As-deposited sample 338.5

P s R 25 SR AN DA sample 457.2
WO A A LR 75 19 ATT 718Plus LA ZS BE b K 982°C SA sample 447.9

R[5 A A B S R £ 2 SRR P B A R 8 R L 5 1020 °C SA sample 466.4

1602305-5



£ 51% 5§ 16 H1/2024 £ 8 B/ EH*¢

1400 + (a)
1200 - )
« 1000 |
& el
g — it an! o .\’
% e ——as-deposited sample
3 g DA sample
N d 982 °C. SA sample
400} 1020 C SA sample
200 |-
‘ P % =

Strain /%

1600 77 yield strength

1400+ ®) tensile strength
elongation 9
0
1200
& 1000} S
3 £
2 800 <A
= 10 §
@ 600 =
400
200
g 7 7/
oLZZ i w Z 0
as-deposited DA 982 °C SA 1020 °C SA
Strain /%

B8 TR B AN [ S Ak FHLAE: ity 9 1 01 P BE < Ca) 37 A HA 2 5 (D) A 25 SR AR 1

Fig. 8 Tensile properties of as-deposited sample and samples after different heat treatments. (a) Tensile curves; (b) histogram of tensile
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Fig. 9 Fracture morphologies of as-deposited sample and samples after different heat treatments. (a) As-deposited sample; (b) DA
sample; (c) high magnification morphology of as-deposited sample fracture; (d) 982 °C SA sample; (e) 1020 °C SA sample;
() high magnification morphology of 1020 °C SA sample fracture
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Table 4 Element compositions of as-deposited sample fracture area (mass fraction, %)

Area Al Ti Nb Mo Cr Fe Co Ni
Area 1 1.75 0.89 5.00 2.79 19.05 9.94 9.29 Bal.
Area 2 2.19 1.02 14.80 3.83 15.54 7.77 8.74 Bal.
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Effects of Heat Treatment on Microstructure and Mechanical Property of
ATI 718Plus by Laser Additive Manufacturing

Ren Yiqun', Wu Yuechen', Chang Shuai’, LiLiqun", Wang Minging™
'State Key Laboratory of Advanced Welding and Joining, Harbin Institute of Technology, Harbin 150001,

Heilongjiang, China;
*Central Iron & Steel Research Institute, Beijing 100081, China

Abstract

Objective

Laser melting deposition is used to prepare ATI 718Plus samples to study the effects of three heat treatment regimes on

their microstructure evolution, hardness, and room temperature tensile properties. These regimes include direct aging heat treatment,

solutionizing and aging heat treatment at 982 °C, and high-temperature solutionizing and aging heat treatment at 1020 “C. The aim is to

elucidate the phase transformation behavior and mechanical property changes of laser additive ATI 718Plus under different heat

treatment regimes and provide guidance for the selection of heat treatment processes used in the laser additive manufacturing of ATI
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718Plus.

Methods The plasma rotating electrode process is used with ATI 718Plus powder with particle diameter of 45-105 pm to prepare
wrought ATI 718Plus superalloy substrates. The experiments are performed on the laser additive manufacturing system shown in
Fig. 2, which consists of a 4000 W continuous wave fiber laser, an inert atmosphere processing chamber, a coaxial nozzle, and a
powder feeding device. A well-formed ATI 718Plus sample is prepared using a unidirectional reciprocating scanning method with the
following parameters: a laser power of 1200 W, scanning speed of 0.8 m/min, protective gas flow rate of 10 I./min, carrier gas flow
rate of 15 L./min, and powder feed rate of 13 g/min. The geometric dimensions of each sample are 50.0 mm X 58.0 mm X 2.5 mm.
Three heat treatment regimes are employed, as shown in Fig. 2(b). The analyzed samples are mechanically ground with SiC paper and
polished using diamond suspensions and a colloidal silica suspension to prepare metallographic samples. Then, the polished samples
are etched with No. 2 waterless Kailing’s reagent for optical microscope and scanning electron microscope (SEM) investigations.
Uniaxial tensile tests are carried out at room temperature using a universal testing machine with a constant displacement rate of

1 mm/min.

Results and Discussions After laser deposition, a large number of Laves phase areas form in the interdendritic region (Fig. 3).
This hard and brittle phase deteriorates the mechanical properties of the additive-manufactured ATI 718Plus samples. The as-
deposited sample mainly exhibits an epitaxial growth columnar dendritic morphology, with a large number of brittle long-chain Laves
phases precipitated between dendrites, which consumes a significant amount of Nb, Mo, and other strengthening elements, severely
reducing the mechanical properties of the as-deposited sample. After the direct aging heat treatment, the long-chain Laves phase
morphology remains unchanged, and the n and y’ phases precipitate heavily between dendrites. The solution and aging heat treatment
system can effectively reduce the size and content of the Laves phase. With an increase in the solution temperature, the size and
content of the Laves and 7 phases gradually decrease, and the y’ phase uniformly precipitates. The hardness significantly increases
after heat treatment (Table 2), but the hardness differences between the three heat treatments are relatively small. The room
temperature tensile properties are shown in Fig. 8. Compared to the as-deposited sample, after heat treatment the samples exhibit
significant increases in both the yield strength and tensile strength, while the elongation at fracture decreases and then increases. The
yield and tensile strengths increase by 67.7% and 51.9% after the direct aging heat treatment, respectively, while the elongation at
fracture decreases by 13%. After the solution aging (SA) heat treatment at 982 °C, although the strength improvement is not as
significant as that after the direct aging treatment, the yield and tensile strengths still increase by 63.6% and 45.6% , respectively. At
the same time, the elongation at fracture increases by 3% compared to that of the as-deposited state. The strength improvement is the
smallest after the 1020 °C SA, with a yield strength increase of only 62.0% and tensile strength increase of 34.2% , but the plasticity is
significantly improved, with an elongation at fracture increase of 25.8% compared to that of the as-deposited state.

Conclusions The strength and hardness values of the ATI 718Plus additive samples significantly increase after heat treatment. The
best match between strength and plasticity is obtained after high-temperature solution and aging heat treatment at 1020 “‘C. Compared
with those of the as-deposited state, the tensile strength and elongation at the fracture of the sample increase by 34.2% and 25.8%,
respectively, after the 1020 °C solution and aging heat treatment.

Key words laser technique; laser melting deposition; nickel-based superalloy; heat treatment
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