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Fig.1 Macrostructures of LAM alloying GH4169 superalloy samples with different Nb contents: (a) 4.91%Nb, (b) 5.50%Nb,
(c) 7.00%NbD, (d) 8.50%Nb, (e) 10.10%Nb, and (f) 11.10%Nb
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Fig.2 Sketch of heat dissipation on solid-liquid interface during

LAM: (a) convex interface and (b) concave interface
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Fig.3 Sketch of molten pool with different solid-liquid interfaces

during LAM: (a) convex interface and (b) concave

interface
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Table 1 Mixing enthalpy of LAM alloying GH4169
superalloy with different Nb contents
Content of Nb, w/% 491 5.50 7.00 8.50 10.10 11.10
Mixing enthalpy/kJ-mol”" —7.02 —7.31 —8.03 —8.73 —9.45 —9.88
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Fig.4 Microstructures of interdendrite areas of as-deposited LAM alloying GH4169 superalloy with different Nb contents: (a) 4.91%Nb,
(b) 5.50%Nb, (c) 7.00%Nb, (d) 8.50%Nb, (e) 10.10%Nb, and (f) 11.10%Nb
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Fig.5 Dendrite morphology of as-deposited LAM alloying GH4169 superalloy with different Nb contents: (a) 4.91%Nb, (b) 5.50%Nb,

(c) 7.00%Nb, (d) 8.50%Nb, (e) 10.10%Nb, and (f) 11.10%Nb

5 W LUEH, RS BOBR R L, R R G 1) S G 4
S0 PE B S5 BRa,  [) ERR  B T BOE S 1 AR (B
5f). BEAG Nb S &M, LA ZU0 B ok
R AN 8 pOIR AR Ay T 28 1) SR L 2 B i 18 PR 20 A

JEY ML FR) 45 it T 2 5 IR T 048 s v 94 A PR ¥ DA
FE Cov 455 R DAL ERRIE G s 1R,
WL Co K, WL G BN, 455 AN
WA f R, BRI 2 . FEOGIE MG Nb
G4k GH4169 &4l firf, —JrmbissE Nb & &1
BN, WP W TRIREE Co AN R 5t T
Nb Ky AR ARt 1A G o AR B, B0 it 1)
FERRRE G HEAR/N, A5 AL LSS Nb 5 & 110
HH i SR AN RIS FRYASE it 45 ) 388 T e A8 Dy RS PRI R iy 54
2.3 Nb ZEXAIASRHE y BAMF M0

Bloe 5K 7 75 h oG M§lE Nb &84
GH4169 & 4 DI AIRAE 1) XRD K 1% L K 49.5°~51.5°
JE A CRI200), AHIHTFED PRI 3% LL % . XRD 43
Mras SR, YIRS BURE 28 B 3 S p-(Ni-Fe) A4
B HE GHA169 & <AL T (200), & 1 A7 4 08, 15
WA RL AT 0 S 00 % ) MR AE . BB Nb RS R
M3, AT B AT Z AT I, (HERRE
Ji RIHT B AT SR AT Oy BG4 9-(Ni-Fe)H, KK
ILICABAR POAT S 0 o ae &5 S 5 At 27 35 T 19 6 S8 A
BRSO M 5 1 X SR AT g e,

(200)y (220)y

491%Nb__ (11Dy
5.50%ND_ s
7.00%N0_,_asenth

L

b
8.50%Nb |
10.10%Nb L.
LLI0GNb o f L

30 40 50 60 70 80
20/(°)

Intensity/a.u.

6 WOLHIAHIE Nb &4k GH4169 & U
KB XRD i
Fig.6 XRD patterns of as-deposited LAM alloying GH4169

superalloy with different Nb contents
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Fig.7 Details of XRD patterns of as-deposited LAM alloying
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Table 2 Temperature for each phase of the DSC curves in Fig.9

Content of Pl P2
Alloy Nb ilj Initial Area of Peak
dendrite temperature/ endothermic temperature/

core, /% C peak/J-g! C
491%Nb  3.42 1170 ™ - 1360.35
5.50%Nb 3.73 1173.69 3.07 1342.09
7.00%Nb 3.84 1179.21 7.84 1329.21
8.50%Nb 4.46 1180.26 17 1311.18
10.10%Nb 6.08 1182.49 25.59 1311.80
11.10%Nb 7.53 1181.13 35.14 1308.80
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Microstructure of Nb Alloyed GH4169 Superalloy
Prepared by Laser Additive Manufacturing

Ren Hang', Liu Fencheng', Lin Xin®, Chen Jing?
(1. National Defence Key Discipline Laboratory of Light Alloy Processing Science and Technology,
Nanchang Hangkong University, Nanchang 330063, China)

(2. State Key Laboratory of Solidification Processing, Northwestern Polytechnical University, Xi'an 710072, China)

Abstract: The element of Nb in GH4169 alloy powder was adjusted by ball milling alloying combined with laser additive manufacturing
(LAM) technology. The effect of the composition adjustment on microstructure evolution of GH4169 superalloy by LAM was studied. The
results show that the typical microstructure of as-deposited GH4169 superalloy consists of y columnar dendrites growing epitaxially along
the deposition direction. According to the theoretical results, the mixing enthalpy of the alloy powder during LAM increases with the
increase of Nb content, which makes the growth direction of columnar crystal gradually change from the deviation of the laser beam to the
inward of the laser beam. The increase of solute concentration and the mixing enthalpy of alloy powder during LAM promotes the
precipitation of y+Laves interdendritic eutectics, and the morphology of y+Laves interdendritic eutectics gradually becomes net-like. With
the increase of Nb addition, the initial melting point of Laves phase increases, and the initial melting point of dendrite core y phase
decreases by DSC. The LAM alloyed GH4169 changes the composition of the primary y phase, increasing the content of Nb element in the
dendrite core. The highest concentration of Nb can reach 7.5 wt%. Therefore, the solid solution strengthening function of Nb is enhanced.

Key words: LAM; nickel based superalloy; alloying; microstructure evolution; mechanical property
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