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Anisotropy of the Mechanical Properties of GH4099 Alloy
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Abstract: In response to the increasing demand for reliable performance of nickel-based superalloy components in recent
years, this study focused on a GH4099 superalloy fabricated via selective laser melting to investigate the anisotropy in its
microstructure and mechanical properties. The microstructure of the as-deposited GH4099 alloy was characterized via OM,
SEM and EBSD, and tensile tests were conducted at room temperature in both the horizontal and deposition directions to
investigate the relationships between the microstructure and mechanical properties. The experiment reveals that the
as-deposited sample consists of columnar crystals that epitaxially grow along the deposition direction, with a small amount
of small carbides present but no second phase precipitation. The yield strength and fracture strength in the horizontal
direction are both greater than those in the deposition direction, but the elongation is lower. The fracture surfaces in both
directions exhibit typical transgranular fracture morphologies.

Key words: selective laser melting; GH4099 superalloy; microstructure; mechanical properties; anisotropy

GH4099 B3 i & & 2 — P R DI #RfL T ORBIE R M, FEMT2S ORI TR 46 40 s A4 2]
B oy A1 Ry -Niy(AL Ti), o EZAT AR & 72 B AR B R 5 A A i R A s
SRALVER] . B & & A 19%(R 80 Croo =Ml SEdE M sO8 — R0 55 77 T K 19 B 25 89, 1%
P LA AR G A i ik b BN, B T Co Mo W S iIE T2 B 28 J0 36 38 I S bR AR 72100 380k 1 IX
JCE [ HRAVE ,GH4099 & & HA e fh(selective laser melting, SLM)$% AR >4 GH4099 £ 4
M ARALEERS £ 800~900 C FRaEZ i, 76 1000 'C  FAFA =B AL Tk 5 %,

1 75 H #A: 2025-03-05
HEEWMB: F}ZKEAW LI (2022YFF1400302)
EE BN BRT &, 1988 4F AL, 1,y 2 TR, 2 20 N o 4 Jm B et 1 205 #4344 1 3 B AR BIF 5 5 1 11 A
Email: chenziang 2518@163.com
BEEER: £ 58,1981 484 W, HE2. WF5E U7 (0] g Je F 43 Jm A RL & M0 BE T8 T2 189 A7 1) 15 £ R . Email: wliang1227@hit.edu.cn
IR R T & R R BRI R R R AT R AR, B ORI KE L & GHA099 15 4 1 A PERE Y 4% 1) S R[],
i H R 2025, 46(6): 564-570.
CHENZA,LIQX,JIAOSK, QIANY H, SONG C Q, HAN D X, ZHAO C Z, WANG L. Anisotropy of the mechanical properties of
GH4099 alloy fabricated via selective laser melting[J]. Foundry Technology, 2025, 46(6): 564-570.

hEIM  https://www.cnki.net



SRl ES PRI

(EEEF AR N06/2025

BT B, 8 v KA L 4 5 GHA099 &4 S aE i & 1 Sl 565

WO T XA AL WL S A R 2 — i
T2 R EM—RABUE, MRS R
SR RE RN T A 0 [ B R R 1 O A n
B PR VA A AT, U T R 8 R A5 4 A
WEZH VRN g 2E Pk Re , B R 09 R JEFr 578, 5T
A B X SLM W JE GH4099 & 4 it 17 TR Z 05T,
T Y 40V B SLM JE GH4099 & 4 b 77 K
AV 4685 S0 245 g B IV 45 ) % T Ak 1) A /NI AR B 3 B
A 2 2 AU G 4 e s AR AR A A B T O T
300 HV., Zhang %% BH 4 1o 33016 451 4 10 132 o6 s st
R R A T S AR R 2R i R I ]
TE R BB | B [ A i 38 hn 2> S 3ok 44k

H O 28 DO AL AR JE B LY GH4099 45 25
A A T 2 (BRI — 6 R BR v i A g el
HRAE Z AT A ST, SLM BB & 4 SO0 2 20 i Y TR
5 T} A1 FE A K R BB RS B, B SR 1 A7 AE R B0™
Y45 ] S M 3R IS 35T 2 1 R 0 45 [ S R
Liu ZE00%} SLM WiJE GH4099 & 4 ¥ 7K - Fl T AL
) AT 2 PR, e LA T 1) 1) Jeeh i i 3 0 17 284
o E HR AR T K ), Mk RE A E B A S
Zhang 5% B SLM BUJE GH4099 4 4 = i fir
K7 1a) W 24 56 5 R R 58 B 43 531 EL DO AR ) 1) K
116 1 101 MPa, ifii 4 2 0] He DA J5 AR 9.2% &%
PS5 kI SLM BJE GH4099 & 4 5k & 7K
S ) B AR T UORR T I W 5 R R A R
A2 144 F1 37 MPa, 1l 7K S5 [ FUCER 5 18] {4
05 29%F1 34% , DLFR T [n] 3% B T AR 0 W S
ik, 2 LTk, SLM ¥ GH4099 & 4: i) 12
P RE 7 1) 22 T3l H R B R K F 7 1 Y SR E T
DORR 7 1), MOTRR T ) 1A B e A T/ (e %8

X L 0 28 00 R A & sl AL A 1 R 3k
mRA A, T RR R PR AN TR AR ) 1Y 2 4
B o AR [ P X SO BE X K UE GH4099 &
& EBRAENE T Z S5 S840 3155 77 1,
X F U A RO AL VR T 24 e RE I X 320

AP A SLM WJE GH4099 & 4 M5t 4,
Xt HAS R 7 1) (R R85 ¥ g 2 M RE E AT R AE S5 A
T, 43 i A D DR R AR FE L A AR 56 1 S 4H 2 -
PEBEZ RIS L R, TR 45 A B TR A
Ho T R OEE K AN 1 2B Ve RE R JE S A 5 B
S5

1 ZEHMBETHE

1.1 E3esf#
S T IR GHA099 & 4k A, Holi sy W 3
Lo ARIESLWE 1 Fron , i R IK R KPR
I ERE B, A D i TR O &G AR kL
AP TE 25~45 um, BOLIIA 300 W, 47 $ 3 R
1200 mm/s, 74 A 0.075 mm, A3 5 0.04 mm.,
# 1 GH40994 & # R E M5

Tab.1 Composition of the GH4099 alloy powder
(mass fraction/%)
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Fig.1 Morphology of the GH4099 alloy powder: (a) SEM micrograph; (b) distribution of powder sizes
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Fig.2 GH4099 tensile test samples: (a) schematic diagram of the tensile test samples; (b) schematic diagram of the tensile test samples
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Fig.3 Metallographic morphology of the as-deposited SLMed GH4099 alloy: (a) OM micrograph; (b) SEM micrograph
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Fig.4 Microstructure of the SLMed GH4099 alloy
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Fig.5 Elemental distribution of SLMed GH4099: (a;~a,) cellular structure; (b,~b,) dendrite structure
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Fig.6 EBSD analysis of SLMed GH4099 alloy: (a) IPF map; (b) KAM map; (c) GB map
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Fig.7 Tensile engineering strain-stress curves of SLM GH4099
alloy
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Fig.8 Tensile fracture of the SLMed GH4099 specimen: (a~c) horizontal specimen; (d~f) vertical specimen
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