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L-DED 2 & 45 miid & & R Hh , SOt it 1) ¥4 H1 s 2R
W 5, — IR K & 18] BE (primary dendrite arm spacing,
PDAS) A JUHCK 2 JLHeK A EAE ik ies T2 /N w
ANECE S . W Ci%E ANFE L-DED & & 52 17 % il DD32
ER A4, BE X PDAS /N TR X . XuZs A4
K B J2 FEAR AR BESOG D) 22 O Inconel 718 4 4 HLBE
W o R I BE TR P 3G, ¥ 2 R K, PDAS B 12
/N PDAS 5% 2 Z 1) % R H X (6) i) 4
/N W N L

PDAS = 80g 6)
i, e LA K s B VA HIE 2, 2 B VA S R v
PDAS /N, B U0 . PDAS 530 FERS G Rkt
] B R Z (B IR R UTT

PDAS = NG >R % @
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BRI T Liang 56 A\ S50 B0OG T 2 BN, PDAS
BE O A TR SRR, S B AR N B PR AN AR OB )
I I, PDAS Bl 1488 8 5 385 I i B AR A B 0
423 iEAn

L-DED & 5 # mi & S M UTIE A 2 B AHE y' "
WAL AL 0 R RfE 1 TCP A, PUSE AR BR ~F AR 4 0
ERHESH e RHARE 10 1 2 M R AR S 2 52

YHEA LA PSR, 8 DA T RS,
#& Inconel 738 Inconel 939.CMSX-4 £ Fili & 4 1) 52
sRAL AU, Yan 25 AU K F Inconel 738LC & &) K il
1T L-DED&E 7 s Mkt DZ411 Hid & 4. 45 REW,
Yy AHEBEA KA R AH S My A B B X R IX R
SRR . A A8 IR S T AL A RR AL S IR B

i T8 s IRSHUAN s B0 IX R BR A D T RAS R, ~F- 351 L A%
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PUAE FRFZ I DX, p R ORRE T b o S T RS 1E
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YIS EM R X S DRGSR . fEBR
X,y A RS Bl AR e B B D0 ek, X IR A T 2 2
&8 DURR IO 18 52 T 30 A B TR o/ AR AT AR R B ) A
P38, RS NUUHRGE T 7E L-DED 125 K418
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G XN ) MC AL S 5 R 5 Bk B A [F]
REAH BB 7% KN N L-DED 2 &
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YA (Ni,;Nb) B A DO, B & 14 45 74 , & W, T Inconel
718 Rene 220 55 i & 4 7 Li 58 NP2 & TR i
# L-DED ¥ Inconel 718 & & HF KB, T2 1) T #:%1
R TG I 355 87, A JES B R A 5 DX 3R 3 T A AT
ZE, LRI Ty UUiE A o " M AR A 5), 22
1E Laves #H A BT HH o Zhang 25 A\ i 38 T 28U H1
G, T4 2 UCRAE PR AT DL A AE B Nb X AT H .
Tian 55 AU $i Y, DR 3o 8 ] Job 2 o b o [0 T B0 Nb
1] Laves AH I NbC A 7E Ji5 8 R IF A 2 H I ff, Nb e &
IR T A0 BOE S Nb X, T y AR AT o i
FE S0 22 (P4, PURR S BURE H 9 R WL 52 21 A8 B 7
U9, 7E L-DED & 5 1y i Ak AU 3 il & &
Nb 7T 2 8 & i 1 76 57 & 8] X 38, T2 A% Laves 6 A NbC
FRUST, 3K A 7 o 3] A A I R v Bl A SR N
TR E o3 A o AEBE G B R Ry i sk
eI TIF kR .

Laves AH# % % BT BE[E K #H , /2 Nb G 2 7E 5 i 5]
O A BT 5 AR y+Laves 3& 5 R BLII P24« A5 G0l h
Laves i AW G4 10 715, ™ HE R IK & S PLh
JEERTIE P18 330 B T Laves A I 8— J5 TR AE T
[V B BT 75 1 T BEE T ER , BRI SRR s 5 —
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DL I 4R g g [ i A v ) vA 0 3 R 1 4% Laves M (1 7%
A, H i YA EE R 0] LUk /N Laves M1 i . Xiao 55
NI Tk i o' B AR 5 3 4 80/ 8% , 78 L-DED &
1 Inconel 718 /& i A 4 H 3RS 1 4 /N FUORLIR 1) Laves
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B SRR i 4L A R TR G 00 AT R URLIR Laves
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S HA IR A A 1R, HO )RR i sg e 5
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() 2 RS, X2 BT OGN T A2 A iy 144 A il 2 mp
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B KA JS , Inconel 625 A4 HO 50 5 H 2 R B, {1
BERTE, I BRI E BT X AT R, B

SRIB KIS FIHRTF 22 [B1 9 Laves A1, $2 T [ 7 58 b 2R
E R R IR AL 2 B B I R B, 3 BSOS AR SR AL RN D 5
DAL L, RE 110 JeE R 5 3 KR R 1) T 2 R PR A
B4k, Nguejio 28 NU'iE 45 th , 1B K #44b #1 5 , L-DED %,
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I EC I o A 6 IR v T G 4 1) AR R4 i it
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TS Inconel 738LC & & iAE , UIAR A 1RFF: 1) JiE AR it
JE (o) ~ IR BR 047 558 (o) FHAE A 2 () 53551 4 871 MPa.
1074 MPa 1 10.8%, 33 /& I~ 1% i #% 1k 245 A Ak 225 1
Inconel 738LC @it & 44845, 748 H X /& T L-DED &
FE B Inconel 738LC £ 4> 200 pum B A 41 Lt T 5648 5 /N )
FroRL RS 5 AR AT SR . i bR A B S YIRS
Inconel 738LC & 4 FERI YS FI UTS $44 $2 71, {H /& 4E
R B . AT TR R (>200 nm) (T 57
T R 10y A BT DATE A i R v R AT, AR A A
[ UT'S ITRE e 80T {H g JHC SR B P o Al B ot vy , 5K
B A 7= 3 A v DLOK RSB B . Ramakrishnan %5 A7
T I R KPR BE R4 O B B R SRR IR O s R Rl
F 3 mm/s, & 3K H L-DED J5 %l 4% 7 B R 40
Inconel 738 il & 4= L BESS o IZ VTS IFE R 0yg 0urs
2% 33k ) T 1350 A1 1392 MPa, SR 1 , L4 i A A
1.13%. LI FRIERAEIL ST , 0y 0yps IR, LEMHIRE
Bt ETE ABBAN 2.76% » 7835 AS BT AR . Xue 55
ANIBIFE L-DED 18 & 51 Inconel 738 #A S WL sp &
W, WAEEEXREHEEMX WS EmELRT
1001 MPa, FtIHI 456 R AT (H 2 S brdE A B 5 , 45658
JE N FE 3 903 MPa, HAF 5T b JF R 45 th AR . E1S
TR S e SR DRz A g 2 1 e 1) iR & B A
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738 A& v LS 5l B MY B R I I TR & 45 H
HARGBE RIS R AREE

Ty e I U R IR A A LTSS L-
DED FJE 6 4 52 90 H A 10 e i ok B AN B i, X
2 BT L-DED B 72 s s iR S 2 4 1 & 4
Hh oy By E SR PR 38 S 5 1) A Rk
TR,y Ly R 7843 B H S R PR 9 FE T DUIA B B A b
{H 2 % A 2 47 7€ B 2 1 T B2, L-DED & & 1)
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8.4%. X2 HIT AP IEEM SRCH A 12 B L Rk
FA T v il T A A L ) BB SRR KE 3, A7 it ) ) Laves
FHANE 78 VA TR A AR AR A W
432 ZFiEHFAKEE

B SR A e T BT i B2 A B A B
HIRASE , B A D0 ar (K T L AR B2, th 2 7E KA IR

PO R R R A R 23X R ol T R AR 445 AR T
R, XA R 2, — Ol iR R AME RE
HEATRAE.

HAEI % T L-DEDBE M EZRLERL SRS S
e Ui E AT BE I 9T ELAE TR AE Inconel 718 & 42 I,
HE R A FF A LR 2V, Li 2 AR B L-DED
HIE I Inconel 718 & 42 7E 650 ‘C/750 MPa &1 1 1) &

#*1 L-DED R EMERRFEEASREASERA MM

Table 1 Room-temperature tensile properties of L-DED repaired and directly manufactured Ni-based superalloy

Alloy Preparing method o,s/MPa 0yrs/MPa &% Fracture location Ref.
Wrought 521 875 57 - [175]
L-DED 512 860 423 - [176]
L-DED 723 1073 26 - [169]
L-DED 575 920 48 - [177]
L-DED 597 882 30 - [178]
In 625
L-DED+900 °C/1 h 654 1084 27 - [169]
L-DED+900 °C/1.5 h 430 750 39 - [170]
L-DED+1100 °C/1 h 532 991 43 - [169]
L-DED+1100 °C/1.5h 380 740 46 - [170]
LR 587 908 45 - [179]
Cast 765 945 7.5 - [180]
Cast+SS+AT 790 965 9.4 - [181]
In 738LC
L-DED 871 1074 10.8 - [171]
L-DED+SS+AT 900 1177 6.35 - [148]
L-DED 1350 1392 1.13 - [172]
L-DED+SS+AT 1038 1117 2.76 - [172]
In 738
LR - 1001 - RZ [173]
LR - 903 - RZ [173]
Wrought 1048-1138 1317-1348 19-21 - [174]
L-DED 650 1016 20.8 - [174]
SS+DA 1150 1357 13.5 - [174]
L-DED 590 845 11 - [47]
HT+SS+DA 1133 1240 9 - [47]
In 718 L-DED 752 1074 22 - [152]
L-DED+DA 1121 1269 15.4 - [156]
LR 552 904 16 RZ [154]
LR 636 820 6.2 RZ [182-183]
LR+DA 1084 1333 8.4 RZ [154]
LR+DA 1158 1320 5 RZ [182-183]

Note: HT-homogenization treatment, SS-solid solution, DA-double aging, RZ-repaired zone, AT-aging treatment, LR: laser repaired
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SRR T 44.5% F193.7%.. TR KR £ I AL
) e i 457 AP R 53X T AR A 1R BRDIR A7 4 7 45 4
BEL A5 17 85 32 2l DA S AS B0 000 A R o 28 28 R G0 Je 3k )
PEF SR . 2 [0 7 + i i b 3 5, 3R0RE 10 47 4 2%
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P 5 AR K+ I+ B R AL B S L BLR Laves AH 56 42
TR O ABTE & AR IKST 2 BUELE Sy A 7R e b i (]
S A7 B TV &5 A 11 56 4% T 2R RN T 45 o O R DR AL
B0 5 I B 2 B R R AV RE

2 W2 N5 T L-DED & & [f) Inconel 718 &
428 H B AU B S iR R APERE (27.5 D AT LA
BAFARE(25 ), FEHE R A )R B HUIR Laves A 1 22
AT 0 RS A2 2 3 2 R . Sui 258 AU ZE L-DED
&5 Inconel 718 & &= FIAH B 78 H R B, K H Bk rh ok
Y1k Laves AH  # A B A8 5 M1 7E Laves H1 & BEIHT H 1 5
HIRAS T iR R APERE R UF (Y Inconel 718 AFE . & E %
B} 205 T [55] 35 B R AL B S, L-DED & & ) Inconel 718 &
G IR R AMERE S 9 43.4 F149.5 h, 2t = T4 b it
[E] 7 B RS AR B RE OB E X, R =R A

1 J5 R A i e B e 6 AH R AT HEVE FE T Nb JG 3R, Laves A
55 5 K ST AL ) 2T Nb [X 2398 9% 25 A AL KGR AT 2E K
TEENRFE AT, RS, SuiZs N5 T
Laves #f , 5 Bl Laves FH M ACHE IR 56 2 R BURDIR B, A 4
MEFAFFmA TSRS, L2 T 65 h, 2 HAF M
2.6,

BEARH AT R T L-DED B M B ¥ 1 AL Ti & &
BIL SR G AT 7 B R e I LT T E A
AN BRI 2% T TR RSURE , HE I iR R A
REHEAT 79T, 40 Cise N hd@id L-DED el & 1 R
~FZ1°820 mmx30 mm ) DD32 B iR A 4 FLBER , 42
PALFL S, s R A s 21 T 66.4 h, i T [F S
FAF T EE AR (59.1 h), IX 2 H L-DED S
/)N (A i 202 35 50 93 A 107N RS B A 0 SR 3 ] 4
5801
433 A

ABHEIE 55 AR MORHE B BN AR e AR R K
A PR RE AR AL B T B 41 0 B R SEBR AR A5
b, BT 91 RS R R 2 s, 90% DA T I R R
DAY 55 T =0 B s — ke Bt , 9 95 R AL 3 A
BB, 23 il i S A RS TR A W . TEAR L
5 I FR R 9% 57 B G e B i 1 7E e
%55, ZELCHE A S 3 B AR ALY

UL 42K, L-DED 18 5 R B 4% il W 87 5 il & 4 1A 0

#*2 L-DED ¢ EMEEMMREASES ESRFA R

Table 2 High-temperature stress rupture properties of L-DED repaired and directly manufactured Ni-based superalloy

Alloy State Test condition Stress rupture life/h Elongation/% Ref.
Wrought 37.5 2.8
L-DED 66.8 33
650 °C, 750 MPa [185]
L-DED+SS+DA 37.1 0.5
L-DED+HT+SS+DA 4.2 0.3
Wrought 51.25 18 [186]
In 718 LR+DA 27.5 9 [186]
LR+DA 434 14.3 [187]
LR+900STA+DA 650 °C, 725 MPa 49.5 7.1 [187]
L-DED+SS+DA 65 5.5 [188]
L-DED+DA 52 9 [188]
Wrought standard 25 5 [186]
DD32 Cast 1000 °C, 280 MPa 59.1 23 [189]
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Research Status of Nickel-Based Superalloys Repaired by
Laser Directed Energy Deposition

Wang Qingzheng', Xiao Junfeng', Lin Xin®, Tang Wenshu', Gao Song', Liu Quanming', Chai Haozhi’
(1. Xi’an Thermal Power Research Institute Co. Ltd, Xi’an 710061, China)
(2. Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: Nickel-based superalloys are widely used in critical hot-section components of high-end equipment such as aero-engines and gas
turbines due to their excellent mechanical properties and oxidation resistance at elevated temperatures. As an advanced manufacturing method,
laser directed energy deposition (L-DED) has demonstrated great potential in the repair of complex components, owing to its advantages such as
mold-free near-net shaping, controllable energy input, small heat-affected zone, and dense microstructure in the deposited layer. However, during
L-DED repair process, nickel-based superalloys undergo complex rapid melting and solidification, as well as repeated thermal cycling, resulting in
unique microstructural features and a high tendency to develop typical metallurgical defects, such as pores, cracks, stray grains, and microstructure
degradation, which can significantly degrade their mechanical performance. The typical defects and their control methods, as well as
microstructural evolution characteristics were reviewed, and the key mechanical properties, including room-temperature tensile strength, high-
temperature creep resistance, and fatigue performance, between directly deposited and repaired nickel-based superalloys were compared.
Furthermore, based on existing theoretical models, the mechanisms of defect formation and microstructural evolution were analyzed, highlighting
the current technical challenges and limitations in this field. This review provides a theoretical foundation and direction for the process
optimization, microstructural control, and performance enhancement of L-DED-repaired or L-DED-formed nickel-based superalloys.

Key words: nickel-based superalloy; L-DED; defects; microstructure; mechanical properties
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