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Figure 2 Effect of Al and Ti content on weldability of Ni-based
superalloy!3]
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Figure 6 Schematic diagram of dendrite coalescence theory: (a)
attractive boundary, (b) repulsive boundary, T*. Tg. T¢ are dendrite
tip temperature, coalescence temperature of attractive boundary, and
temperature at which solid fraction is 1, respectively!’!]

teAh, TESEPMERS RS, T 2SRt ik
RYAAEERE .. IV ANT2RA L-DED J5ikfE
S ) 5k ] 2 1 UL & & AR F A8 K Inconel 738 4 4 (1A
FPRIL, FEIR&RREHE, JUHZBREOLDIE, T
DANFARL T, A5 Rt [ 2 A iy = A, R ™ kg
IO AE B 2 BEIRAS JC R GUN € 1) Bt [E 452 X . Zhou
GNP NFE H, I KOG R 2 4 K
AR, BRI AR T, T/ RSO 4 B
M=t B )RR, FECEA KA BRI E R 4R
e re A, X PR LY 2 S BUR AL B =R A S i
HEME AL, [A) B Lo R AR s SO R
BEARAL, K (20 %) FidE (>40 %) MiERES
o FECEA KA R RRIE B, MTTIG I # S
fila] . Dmitrieva 55 AUIZEEREMR S EC AL+ L-DED 12
ST BRRAE B RSO O R R A i
e PRI P P T PG ), 2R P 9/ U 55 s P8 ) 0 A
W, TR0 A B S/ . Soffel 25 ANUSWUIJF & T —Fi
TR RN BT T Z, ZLZEYREES

WO I SRR AR FEE 100s PV IRIE R = 2] 1000°C

DAL, BTl R o e i B A B A 8277, AT R )
4 7 IE L Inconel 738LC Eili & 4 A BERS A FE .
T, BRI SRS S I A R ECE BON A IR
HLEE (RDG B2, B di Bt BIREALD) R Py (A
REGURMETTNARAY) o SCErh, Al s A
ML S H BRI o W h 55 T BOa 8emil i
R AW, XNTERGUBURE S 6, TRIUEE AR
T2 8 AR, TR R o DUAE Tk s



Wit @A RS TR

KIAERLFH o BbAl, 2 i i i [ 24 SO 8 BB B 5 18
L-DED {252 i F5 rbv 52 2% 1) ik 25 P08 BRI 22 100 182 77 7
TAITBIES 5B .

2) AL

A B SR 7R REM Bl O [ 5 8 2 B s 4 X
(Partially Melted Zone, PMZ) i3I PR FL ALK 50
e S FAE T B b SRRSO, A RS R
/0N, T I B TR ORI SR, T 2 AR,
w7 s, tER G0N AT DA SR B 1 3k S 2H 2107,
WAL R PMZ X385 1A AR AL 5 Y
BOGEE LRI B, FERF b SR A T AH
T 5 [ R 0 BE 0 A R A X3, B BT y-y (R A
LR BRI AR A 8 A T BSCRUIR o S T v 2T B
R S 5 e e A R N g I R PR 2 T K )
B, WAGRSUA ISR R .

A ——
A SR () R X PRI, (b)
WAL REUH TSR
Figure 7 liquation cracks of L-DED repair Ni-based superalloy: (a)
morphology in the longitudinal section, (b) the typical morphology of
liquation cracks!””!

MEA IR TT LLE Y A RSO R 77 B A %A
—& PMZ XSRS s dloiifth, FRIRm AL G
[, “REERASEEBENRN . XTHEERERS
SR LITE LS, B NS AT T IR
9T, Ojol. Ren™ 1 Zhang 55 AB5yHIFEBOLEE
Inconel 738 Fil Inconel 617 % 4 I 7L H H8 HRIE s 1)
y-y'sy-laves 3 i FIBRAL M1 J5 B2 (1) A R i 12 Hh I At T
PR SEBANIE L IR 3 BB R AT . Ren 55N
(91320 Fi HH 38 0 A N R 5 A i 6 mT DA gk /)~ 8 1 )2 R 9
FEARFASL 77, A B TR AR SO L, Tdowu 55 A1
AN R B 1 11 A N AT ARG B iR 4 RV A 3R AL
BURE . SR1M, Chen 55 NBARIHHICHTE 50 I, ALITR
P B i N )38 T 3G K . Zhong 55 N B3V 5t ik #4
HNFHAAL L 2SN 7%, {FH Inconel 738 &4 K
SEIL T AL R EUE AR A B R

AL RSB R T L) 3 A b FHBE AL AN
e A AT AL . SRS ENRTAA S PMZ XIREE A
FIORE R 2H 3 WA AR 5%, FEDTIE iR AL YR BE S iR & & PR
R W FEEOEIN TR & iR & S W P YU s LB
B, 5 ABORCRAS R e AR e y B AR, YRR
H— DI IA B R R, BRI A S AR
FrIH A R A 3 i S LT SR IV I, 7E b ST R 1R

100 pm  BREZ

&

R, TERCBIE ] & FB NB% 851, 40 Li 55 NBO7ESE
FAEE-L-DED 85 K465 s & aid i, KW T v
WAL YIRURI R Laves FHAIZH - AGEL G & SR AT HIL ]
TN 9 HE 265 45 T0 3R BRI T 0 R AE b A AT, 3 350
FrAb AR R PR AR EIR AR AU AT P AR i AL, &
T [ v s Ak R 4R 3 = iR A 4 - Montazeri 25 A 8717E Inconel
738LC &< MO IR DT U i 1 B JCRAE & b AT
SRR SR & R S, FERILE R
) MC ALY Cr-Mo (&M Ni-Zr (b &k 4
WA, Cao SENBSMFEH, W F1 Re JCES MR Al F1
Ti JCE AL SR AR AT, (RIS 5 -y SLd S 4 )
TERG, IR AG LT i -

ATLVER], HEmEES &P RLGEE T
PMZ [X ¢ FHIRE S S R A, 322 B E
dm TR AT HLA S . Pl TR AR IR FT . IR
T DAY I A AR A AR 53 B0 5 T 3 k2> B 4
RGN = SR, BOEI TS HOM RS0 20
ARSI, HERZ Ref8 i B TR AL R SOY R
R,

3) MARET L

TEHERTEME S L-DED B, HEMEC
DU Z RN F B i G LI, 3l 2 EFAGE IR X (Heat
affect Zone, HAZ) F=E—Mikdn Y RIIARL, AN
NARES G ZES (Strain-age Cracking, SAC) . SAC F4L
WA TEDTIE TR AR R SR A 4 AR S A FR T B H B,
& YHTTERERE SR G SRA T RIR, HIEM
AR 8 (a) Fim. UEIMELCITRE 2 BIRIEER
Ji A7 40 b B A 0 A B e 28R FE I,y DTUE AH PR AT HY
TR AR BT BIRA st FE B8, 1X — i R4 & 1 Ak 38
B, HFRAR 7T HIBME. shAh, yUUEMERRENT I
1y Bk PR ECRI AR AT, 2 y AT e AR R
TG B A T R B AR 7 I DR S8 VR () A ME AR SRS, ]
BURE R MRS b b et — Py ke, AR
AR R AU AR RSO RHE B 8 (b) R,
BA RS AVEUR T I LA, RECRTEE, ReF
WK, AlisHEReK.

SAC WP RBURME S G &M B UMK, JLHEy
DUEMBIESILER Al Ti S &E. ARTi TR S =B, ¢
UUSE AR AR 73 Hobk oK, 825 =R & 4 1) SAC BUS Bk
Ko AL, SAC HOrpyr= WY vy Piie A R FTiE
AR . Kazempour-Liasi 25 APYRILTE Inconel 939
R, BE A DTUE AR ALY, B 4 P 32 s B A1,
{HE SAC L M. Caron 25 NOUIILEGTHE AT
HENIERT A PR L, R y DT AR AT R 2 PR
SRR SEF, EAEN SAC LU, KA Nb


https://www.sciencedirect.com/topics/engineering/longitudinal-section

WAERMHSIRE
RARE METAL MATERIALS AND ENGINEERING

TLEHRAE AL Ti gz, AT DM BTG R A8 (1 y B
i, ORIE T SRS AR BT RA TSI AT 11, A7 Rk B b B AR

b B e [92
7
RGP,
(a) twewing Postweld heat treating
-~
e
% Residual slVeiS'
4 a em\ scrac Solution
g /
2 Ageing temperature
range’ Ageing
Residual .
stress tail)
Fa g / | _100 pm

T Time [
K8 (a) BRIkl G &AL REREUY s 2P,
I RS LT 35 1 194
Figure 8 (a) Schematic illustration of strain age cracking in Ni-based
superalloy™®, (b) Morphology of strain age cracking in CM247LC

alloy®*!

4) RERL

JIAZLLL (Ductility-dip cracking, DDC) A& HA 1K
DA TR 7 O B2 S & SRR E T CGEFAE
0.5-0.7Ts) » e BT FEm /™A B RE %R
RYFE WP IAE = f e BB R SRS, BRI
BRIE, MR A KREPREWBRL, K 9 (a)
BB,

(b) R

() (b)

Solidification|

an:ﬁl;;::gm cracking
2
=
[a]
BTR
n Ts  OT'Ts  08Ts
¥, 1 5 Temperature
K9 (a) L-DED BE#HEFIEEENEBRIOLHS, (b)) &
SR R 1 Ok AR P

Figure 9 (a) Morphology of Ductility-dip cracking of L-DED repaired
Ni-based superalloy®, (b) the relationship between ductility and
temperature!*]

RIPRLT NS L-DED 185 i R b ¥ H1 Bt
BE IR G S VERER R AR A G . N 9 (b) ]
DUE B, B3 SI0E S0 8 M B PRI Rl T
B, TRENT . EARELREF, A&y LT
i P U8 B2 DX TR) A B A, B A SRR R EAT, BR
XA s F e, WRBE R, BYEZRE R, BHER
AR . GRSRRRIEEE, AE&EMSERE, LiREH
A 0.73—0.5Ts Yol NI, 2P H— IR BERR LR,
X — I B DX R AR O e i O 2B B (X ) o SR IB LU
BN ERA : SRR RSB AERY. 2
JR TG dn ST« DTVEA S & AT SLBR AL /B A . &
At A BN 4 7.

AT OC T R BRSO T8 L G R W, i A AT
A =MLEE, — R &R T &SRR B ARG R

AT L. Ramirez 25 NPSHACK, RIBHLURFR -
A T EIRIE AR IR, i ST TTE R, T
i, RIS TIE = MRS E, MR RAEE
FRRLG TR, WK ZELHE = A i FUALHZE . Rhines
S N9V S A 5 vy UL A 4 7 M M L X () P 2 R AR AR
R SAR G1 R A B R AR, A S AL T LR, LI
FEaR I B AR I R MRS, & B RERE . —
2 fh FAL 28 5 70 2 AR AT 51 ER R A S AL T 22 . Yamaguchi
NV S JTTER A NS Inconel 600, Hastelloy X
HMINSC-1 =Fofr ] v 5 A0 B 25 5 T & 6 E 950-1150°C 2 [H]
OSENE B2 R F%, 1 Cay Mgy Y A1 Zr B I0AE &4
HAMR R MARGEME . Saida 25 AR H R B RLU L
FCRT AR T S P JG 3R AE dn SR IR AT 516 ) b S AL,
FEHE A 2 18 SR I R R R IR LT A, R
JEMHE PL S S ENHET 30ppm. Rapetti 25 NI S
TLERBELFES Cr FEAEREA S RBALMIE
HIZR T e LU A, T Capobianco 55 ANOIA N S
AP JCE G| 5 TN I AR e IR0 A 1) 5
B, HASmMALHIY B =& & eiiiEs
SR I SBOTR. RIEAHRRIT, T XS R
RYAFAE A F R . 40 Mo 258 ANUMIRER F) CrasCe
W a2 S BUS I, AREMALIE . Zhang
2 NS 78 L-DED 18 & Inconel 738 &4 M85 1 X
—IL%. SR, Zheng 55 NISHITFFLANTRH, C & &Y
It MC TS ARTE & FACHT o R AT HUAE
FARTLAAMRIE AR , G R & 4 R, Chen 48 A7)
(R 2 &5 SRAMAIE S 73X —

H AT OC TR iR & <6 T R B R SUI T 2R B LA
BRI B, MARTE S —INIR . X S 57E L-DED &
HAGEEIRGEEFEH, Xt DDC a0 il ™ & 4K #
SRR TZHER, RS, KRFELERMRE
fE BB A R ST, IS AL, &
3. DDC S0 TN 5 428 SR o

HARHZN

7t L-DED BB i fevh, £ E A HAR s ST E 1
BMALRSEEREEY. AREMEEHT, REAR
[FIFE FE I 54K, 1 T8 B AR IR 77 2 M R = A AR 520
SRR A A FE B AR SRR . DA AR AR
UOSI. Rk i Z«dhr=A4:%%, HAE L-DED B8Rl
HH R AT N S S EURRAE LR T
3.2 BIMLALIFIE R E R AL

L-DED &5 & 1& Z IR 5 1% G b6 G il 72
FEERESR, FEERIELGTITTRZEN MBS Xk
B CLITUAR 2 B4 B 1R 5 S B3 512 (14 SR A ik
B, DA R R R B P R PR )T R vt [ 2%



Wl &R MRS TR

. Bk, SEEREGSBEX RHMHARSHEEIEM
MG HL PR B, X WREIHE T MR
TRBE I 722 1 B8 Je I S 3 A T 161 B A0 o) 58 P AR B, 1K
IR E PN 22 E R A R EEAE L-DED B R AR
A& AR S A T T E 2R R

F W e 2 27

— ki, L-DED (2 EMFRT DL N =AN Xk, 4
FRFRHEERAEMIX . #EmXFEEIX . B X R
MR RS, REBOGTRSBER R . H
TWOLRBEEE T . IR RE m DL R AR iR & 4
ke, L-DED BE =AM XRE, E2A0
W, B GE W SRR BE T8O E - Ma 55 A1)
TEBOE AR B2 Hastelloy C-276 Bl & 4 b R M2 20 5
MRGEmIX . SR1f, N ANUOYERA GHS36 AR
&5 L-DED 125 GH738 &M scis &M, #zmm X
FRY 8l s RS R 36 (X B 40pm KR F 60pm, AN 31l ki
PR E AR T 110pum, XRANGZ MW X R AT HE
M dRfEA . Liv 8 AN AE L-DED 2% Inconel 718
A SRR 2] T ] B AR X, e ARG
] X ST ek — M A T P4 dh . Zeng S5 NMRRST T
L-DED &% Inconel 718 &4 V JEHEdFEH, HAEIAXT
CUTRRE R R R, I (] 45 B B 1) 25 35 52
e TR E MRS AT N, B R R R 4 s B,
FAE R i o M RIX 22 S (1 J5 R AT R S 0 n T
AR O OGRS 5.

ME 10 (av b) fl (dv o) FFATRLER], ZHAFH
s B R R UL A SO B Tt N R RS ) A 2R B
F2th A S R A A A R AR, o AR At T 0 ) 5 B ot 2L A
31171, jiifE L-DED 2 Z 2 @B Emia &l h, &
T ER 2 BUAIR DR TT ) 51 58 DURR 2 AATR B R aCRE T
RS, WA 10 ey @) o XEHTIEE LTI
v, BOLEIBRERBT E—yi B R SR E R
FE, A E—YiAR B T 0 S R S s, B R
HHERAR DA — TR 2 A R A A B RIR iy BRI A 8
AR, TR FEBEADIRUEMHEAR BAL, 0S5 & 4
) R AE URE R TR X PR B T SRel18: 1190, 5T B i oy
&4 L-DED 125, =& 0T, RISE b sl )
A—BIAR R, 2FINET, BRR S ERE SN
1R AT R R B2 BEIIR . R
TR R A S5 AR, H
AT 32 B30 I R O S A I A T A, BRI i
P, BEIBIREIEMRA, R ARHEE SRS 4
L-DED ¥ AME S AT AR G BR Bk AR -

b N
e LA i

Substrate O A SECTT 500 £
Kl 10 L-DED 125 £ i/ B SR JE i B it &% 22 2 300 SR A
2 (D ZHEERAESMBESE, (b) 2 &mikEa&4Eih EBSD

M, (o) ZdmEia4: EBSD B2, (d) H&EEREG SIS
WA, (o) HdhEiRa Ak EBSD B2, () HimiR
Ea R, (o) BFEIREG S BT EBSD K122
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Strength, YS) FfihusifE (Ultimate tensile strength,

UTS) , X2 T L-DED i id F2 st i 74 £ 2 41
7 Ay Ny TE SRAG A AT L, SR S SR A [ v+
I RCAAKEEE, A0y MHTE AT i, R AR 5 B FT LA 2
AT AR, (H SE i A7 AL B A2 ) R B 17 1521740, L-DED
1E5 1 Inconel 718 & i Fe A5 [ 5 AR 2 I 51T

RSP R AL, SN BAE B 5, BE RN
SREERE LT, BB RE, (H R AR SR B,
BN 8.4%. X W T AP IERAL SR AL, BRI R
RE R T re i [ A AL B ) B I R AR B, g ik TR
Laves FARME 2R, WUFEACESERAT IR0,

# 1 L-DED RN EERFRERE &R (F 16k

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

& il £ 77V oy (MPa) ours (MPa) e (%) e A SR

Wrought 521 875 57 / sl
L-DED 512 860 423 / [176]
L-DED 723 1073 26 / ([169]
L-DED 575 920 48 / [177]
In 625 L-DED 597 882 30 / [178]
L-DED+900°C/1h 654 1084 27 / [169]
L-DED+900°C/1.5h 430 750 39 / [170]
L-DED+1100°C/1h 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]
UL, & L-DED 871 1074 10.8 / 17
L-DED+SS+AT 900 1177 6.35 / [148]
L-DED 1350 1392 1.13 / [172]
In738 L-DED+SS+AT 1038 1117 2.76 / [172]
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 / 471
HT+SS+DA 1133 1240 9 / [47]
In 718 L-DED 752 1074 22 / (152]
L-DED+DA 1121 1269 154 / [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]

HT: Homogenization treatment, SS: Solid solution, DA: double aging, RZ: Repaired zone, AT: Aging treatment

R A PERE

BESRE & SAKIERA IR E 4B T
WA, RIS AN (K T R, e K
MR id R R A R TR, X2 BT K BRI &
TG RS, 0T X, —Modid sl e AT
REEATRAL

HAI%T L-DED BEMEERLEEEES S
BFFAMERERI T EZEHTE Inconel 718 A4 L. Li
G NUSIE B L-DED B J¥ ) Inconel 718 & 4 1
650°C/750MPa 25 F iR FE A K ik E] T 66.8h, T
T A FEIAR 2 AF R I B0E S (37.5h) , HAEfHE
W T s AR, (E R AT AR AR,
3.3%. 223k W] I+ Bof SORH 350 S48 K[ 5+ B AR AR b B
5, HmimiFAGEam ol T T 44.5%M 93.7%. JiR
SEERI B RR M ERRFAER, KRS H
PR ASE 85 NV 435 40 BELRS S 85 32 1) DA B AS R U AR, s 2 2 5
Y RILFEEH FEH . LRGBS, R

IO BE NP, DS 2%, & AR & ] X 35
Al FAab K BT, R iR R A TG A I B R B
FEL IS 5 SR K+ VA -+ b B fS,  BAR Laves AH
SEAVRME & MTE S SIS A BUAETE . vy HI R AT H
AN Y 55 449 (1) 58 4 ¥ SR PN P-4 it bt P EERHAL =
O B I B 2 ) iR A A TERE

BAE N8R TE T L-DED &£ 5 1) Inconel 718 & 44
HRER ARG iR FFAERE (27.5h) AT LLIS 28B4
prE (25h) 5 I AR TE K EBUIR Laves A BB AN
F T iR 2 2 0 2 AL . Sui &8 AUSTIUAE L-DED 12
5 Inconel 718 &< AR 5T R I, SR A kO 4
1k Laves A #AbER{RAE & AHE Laves AHJE FAT H 177
FIRME T iR AMERE R I Inconel 718 iRFF. & EH %
B ORI VB b 3 fS . L-DED & (1 Inconel 718
H A IR FEATERE S AN 43.4h R 49.5h, 3z i A bR
. FEN S RAEBOBE X, 2B &ERA
Za R R 2z B 8 AT HIEFE T Nb TR,
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Laves 15 & AHFHI AT Nb X &9k = A Kk
MTTIEK T & G R A . (RS -, Sui S8 AN
— AT Laves #H, KIN Laves M AEEIREE AL AT
KOIRIS, &&MF AT A 7RI, K3 T 65h,
AR 2.6 £5188,

BRI T L-DED B R MEHE ML & Al Ti &
R SR G ST 3 B PRSI RGO, H

BAMEEFH I & T BRI, Hx HmiREEA
PEREHEAT TR FE. W0 Ci % NUSNlEIE L-DED LI T
JRSFZ104 20mm>30mm ) DD32 8, il & 4 HREsS,
LRI )E, s ATF Tk ] T 66.4h, T [F S
WA TS REE (59.10) , X2 L-DED BJEIR
FE A/ NI FRALZ L 3950 3 A ) /N RO A ) ROk 3
[E1FE S 801

# 2 L-DED BRI BEZRHEERR A ERR/FATW

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

odx RA &AL Feoadgam () EME (%) 22 ik
Wrought 37.5 2.8
L-DED GRUNCS DL 668 33 s
L-DED+SS+DA 37.1 0.5
L-DED+HT+SS+DA 4.2 0.3
Wrought 51.25 18 [186]
In718 LR+DA 27.5 9 L186]
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]
Wi RE (1943 B HIP A% L-DED BUE ¥ Inconel 718 & &E4T

AR 55 A ARE B A M AR R AR TR R
AR TRV RE AR AN B T BRI 5 4 BT 090, SR TR A A
o, EFRECR SR IR AR R R D, 90% A IR R R
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IL4ESR, L-DED B8 B ML AR FiE A & 1%
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AR AEFEAE DL & 1) 3R RS P 2 SR A, %
YRR THOE S S &Y, AW LLERTEMN SR, K
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718 iR A4 NP, XF L-DED 155 Al E 322 BB ARFE 57
PERE IR FUEAT 13 22 [l i

X2 NBR I, AR L-DED HJE Inconel 718 &4
B 2 MR RO T AR e, (R R B o7 M AR T
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500MPa MRS T, 9% 57 7 e T8t — M E L
Johnson %5 NUSHIGE T R T MR,
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A TG A R 1 e i 7 ke . BRI, AL T2
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BRI mEA SIS R R X EE, X%
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S58B40 T F—8ER, EUMET B XFELR
Koygeid HIP 435, BRI SR R K T8 — A
By, EREmHAERT, KRR NRE0ES]
R IR B e T 2L, T P 45 it i S A R = SR A A
R FEOAREE T EREA R R A . SR, 7E Gribbin %5
NS AFE 5 H, HIP b2 B AR BEAR T SRR AR 1 FL
PR, HBEMR T HEERTERE, JEiRH HIP Ab
JE T B R R~ P65 it b A K B 3B k28 &4 500°C
T v 57 M AR B AR s K TN RFLA § A, AT
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AR P S ZH R AR A AR 2 5% 57 P e AR B R B RS

Sarkar ZZ ANUCIfE ] L-DED ¥ AREE T Inconel
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Overview of Nickel-Based Superalloys Repaired by Laser Directed Energy Deposition
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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
the 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. This paper systematically reviews the typical defects
and their control methods, microstructural evolution characteristics, and compares the key mechanical properties, including room-temperature
tensile strength, high-temperature creep resistance, and fatigue performance, between directly deposited and repaired nickel-based superalloys.
Furthermore, based on existing theoretical models, the mechanisms of defect formation and microstructural evolution are 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 laser-repaired or -formed nickel-based superalloys.
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