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Abstract: Laser additive manufacturing, as an advanced technology that can directly convert data models into
components, has great potential for application in the manufacturing of superalloy parts. This paper starts with the
basic principles and characteristics of laser additive manufacturing technology and introduces its current status
and problems in the engineering applications of nickel-based superalloys. On this basis, the study systematically
discusses the preparation and optimization strategies of superalloy powder materials for additive manufacturing, the
microstructural characteristics of additive-manufactured samples, and the formation mechanisms and control methods
of crack defects. In addition, focusing on the technical challenges currently faced by laser additive manufacturing
in the field of superalloys, the paper provides an outlook on its future development directions, aiming to provide
reference and guidance for further advancements in related fields.

Keywords: laser additive manufacturing; nickel-based superalloys; powder materials; microstructure; crack defects

HEHH . ERESTIEHR (NO.2020YFA0714900)
WEMES: XIZ6E, TRR, FENFEARMRHE R B EH A%, E-mail. jdliu@imrac.cn,
LR, A%, EENEREROY R GlES AR %W, E-mail. xwkong@me.neu.edu.cn,

20254 4528l

Ay
A www.mw/950.com 1




K b B 5 R

Laser Additive Manufacturing Topic

1 FE

Fim A e — R B BOVEER, iR
& SRl LT, [ HAEAS{E600C
DA b1 52 2 85 h KR A5 1 & A bERHY . R AR
TE IO ZURIRE S SR RE, i & &k iz
BT AR & shHLE i hr . Horpr, RS
i & 4 SRR R SR A PERE, (Emim A &
w5 1 2980% Ry By A, Bl & iz Kk ahHL i THPERE
FRELAETE, *eEhEEE . i PERELA B A JR AR v i
TR F R A, SR, LA ZREE . #EHF
PR A A DR SR A BRI, (% G A AR 7 R T
J7 A B WA R H 2 ™ W R R R

AR R, MM AE (AM) BRI R iR
o bR g AR T R R, IEE A A IR TE
T20 0 804E ORI R M B TEHE AR, & —Fh B+
ko S shae T — ket e hliE s A,
% W PR 3DAT EN 1, 1 ob il i B A 2 B U
WIAIR, WTLAS ABOEH b i (Laser Additive
Manufacturing, LAM) . HJREHHIE (Wire and
Arc Additive Manufacturing, WAAM) FiH, -3 1
il (Electron Beam Additive Manufacturing,
EBAM) M, xR g A JRBARL, 2 il it
IR IA I 4 BB K 804 S8 22 M 18 B & btk
RSLBEIE . o, BOEHM IS e S R R
FE RGBT 5 PRI R P 5 SR L, A 2 i
B ) IZ AR

] A ADBHIE N B R 3 BR L i TR A A A IO R
MAE AT TR BT, 2 T RGBT
ARG R RGEH, ASCHHHEANRF T TS S
&5, BRI TG S R B AR R S N
BARMEH R T2, MM SRV HSURRE, DR
LY AL S LS, FRRHZ SR ARk &
JET5 AT T RS,
2 ECEHEIER AR
2.1 M EIER AR LR RS

AR SRkt 25 05 SR RE = A 7 B ATE]
B A ) 3 B R AT — 2P o h Ok X s
(Selective Laser Melting, SLM) S5t E mEEEDL
1 (Laser Directed Energy Deposition, LDED) I,

O i DXRA T AR B R R T o 4 R by R

20254 4524

AmT

2 www.mw/950.com

Bk ra L, EXHEER I TR
N, Tl PO G A RO A {4 — 485 T O TR RO A [X 3k
Ry R T B a1, iR BHERUE st i,
ankEllafi, EFTENE R, SLM R ROk 2
A4/ NI BE, DR R it i R /N B 5
T, NimBEaE fil e i 8o B . R R 2
TEARBIA M, T BN 52 R ) 1 28 5k T B8 sl ot b 4
i B A AL B B RO A 8 sk, SR, SLMEE
ARHFRER B, B0 R0 EEE L
TRILERCK, XERKEEE LRRGITHTENE .
R B AL IS R SH R KRR PRI, O8R4 B 3
B, #eslh, SLM I ZNOH R E Xk Rt 4a
b, RO AR BARFTEARIGCEFI A, (R
KIHBE AN SRS KRB R]E,
ARIFSLME R4 BATEN L E, Btz m
RERPIB (LDED) HiARRHBIE. mARMET <
RIS a1 05 . H I A 3l 3o ol o 4 R SO
EREBOCTERX, {EWiHEm R R P IRT,
F FH v A6 e 380 AR ke (e A A R BRI R B DT AR
BOY, wELbfiR, 5SLMAALL, LDEDASZH AR
PRRSTRIRR I, Refs SeBLE KA - il Fnfiz &,
JE B H S iy RiG S Bz N HE h. BT
L DED:fi # R 2 K B CHE, T B i ith 5
o, EE, FERTUAME AR R R, £2EH
Bk R RSFRR 22 A 5 AR, Nk 212 &
ULBURER B, AP Bt , LDEDMITR
BERLSLME L~ 248k, SR, o KAk
MR T — v RRRE,  BIAnPEIL T B BN
TR, FEATEMRES T — 2518 i fE 4
PEABEIRBI(E FHEE Kk, peslh, LDED/ESth F IS
AT 2 PR AP SR B 5 2N T it A 2 R T R
2, N 5 T AL BE , 3 s2 i 4 3 s

it

a) WORHER KL b) Wt MAERILE
Bl BtEmsiERARRE"



RREMEEE. Botkkiaft (SLM) S50tz

[ REEITA (LDED) fxttbiL#&L,

R EOLERKBYE (SLM) SHtERAERNR (LDED)

HIxEE
A SLM LDED
JE B F /BB R WyAR St 22
BOCRAEMAR/ DN | RS, WEIEOD | 2R, WK
BRI | AFEREARE JUPEARSE A
FTEMERST | S2B AR RSB JLP AN 52 Bl

2.2 HAHEMBIERERSEAENTELNA
FURT, [ PR AP FH SO HE b i3 B A il 7 B
Hedin A F RSy e R A TSR, i,
FEFAUD (NASA) | @A F (GE) |
fEEZEMILEE a5 (MAN) | BRI
(UM) Fiise [ Sz [E 5 96 %% (Sandia) 4 [E4h
LR, DARer E R pe g mit oo i, Abstii =ik
K, PALTAL RS, PR RSE . PR DE
SR A e oy A B 2 RN L9 v T2 R B L i
A BRTTIE 2 ] 5 [ N AL, 2B SR BRIk i i A 4 Y
BOCHEM HE R TIRABEIE, IRl T ke
MR, RS SRS SRR, anE2PR . R
e, BOEHE R S B AR TR A A B )
Tl 1 2 PRtk , &8 o0 v fin A B BP0 i R SEELAL R AL

a) GEA R4 b) GEZ wgkiHimsns

¢) RS AFEE  d) MANARNRE  e) NASAATEINIR
Oimfert i Gl Hehit:

E2 HrEMHENRER RS ETHM" Y

I8 b B 5 R

Laser Additive Manufacturing Topic

AT REREAE TR R IR . & & B LAATEN
T 2% % 75 R B E S 3 Be & A P O U B
P I SERR T AT, ATENER RO
R SRR K AR RS, S E O R Y T %
PESTREMEAR, MREIT I TR,
3 RERERSEMEKREMERF&E

oy A A2 IO K M il rh Tz N R D 32 ZE R A
FE, Halidg s BB, LBRE. AR E R kR
RTEReE, BB T EN R R SR RE = A B %
o, BRI, T RA Ak AR E GRS i, R
SEANRI £ 7 ek s, AR ALY A A LA
e tEREA M B A HENE X,

31 MARFEMARHER RS

HAT, &S mi A ek KRR W %
WA (B 28 B AR 1 5 T F i AR %
PARANRFATE) DR B T (An5F s Thgke
WEf) B9,

Has BV sE R E/kE: (Vacuum Induction
Melting Gas Atomization, VIGA) B:/E1EMES A F
PN, IR A R R A, SRR fEE D E
FH T 388 2ok 3 305 JEC 0 Mot M TR B U, B S B v R T
PR o ek S SN TS BT By R, Bl 3a
o A TP IbESE R &R SR T oI A
ZB, fEEEEARIFL T RN AN S
7% (Electrode Induction Melting Gas Atomization,
EIGA) M1, iZH AR R BRIE A & 4 b1
AR, A AR oy £ P v B R LRI, b
RAEE DIEH T IRENY, H&ELnmhdEk
By, AnE SRR . BT A AN UG B0k G TR Mo
FE gD e, B4R T Itk SRR . R B
], ATEE S TR AR Al B AR, R £k B
HL AR R < A B2 R BRI T R R H s AR A R B 55 1 Tl
By, TR A R FAR A o Dl AT A 25 S 3808 K B4 1Y
AL,

REA DA o o I Bh ek fE by R
FIRMRER G A, HEETRAESIFEL %L
F7 o, N FECF R R . A T f#dix—
W, e B HTRH R AR T — P B L AR Ry
#: (Plasma Rotating Electrode Process, PREP) [
127 R FH 5 B A0 7™ AR Y 5 85 - R Sl ik g ok g

#HmT

20254 4528l

www.mw/950.com 3



K b B 5 R

Laser Additive Manufacturing Topic

a) HASE MR ik

b) BRI T E Lk

C) SFEFhERE AL

3 HEEEASHRHERERESY

FRr G IR , MR AR BLO PR T MR v
JRH, W AR 15K 0 1 T e [ T BRIy A
nE3cHR, HRFEAHEL, PREP il & A4
IR BAE @RS e, (HAFE ARSI & A
e Ry ARAR K R
3.2 MR RN

Tl O R S TR, WREE
HoA RAFRUERIE BE | %5 WAL L 5 AT RIS vt RO AL
W ESERE . BAPTR Al i S AN B e s
FUAR 75 il 2 B INT 18 & i & by R YT S . M 4w]
i, Sl e P 5 Ry AR LA R e R
MR R UR, JLTRAGIERIIFE, k2

a) BT ARTL

©) “THfix

T, SEHEHRH ARERBAE 2, HIL T
LTy, SR A0y, HAFAER LR FE 5
FoRi oy A X A BE R, X —BLRAEsk2E%™ . QI
SPIRICHENS I T th 155 TIESE, ZHANG
S BRTE T WRR Y 5 AT B PR A R M
REMIRCIN . RO A5 SRR, ARE T4 B i i i Ak
ik, RFMEPE O IFEE S S SEATE N
FLIFIRITERL, AT B RERT AR
REWFITRY], BB RS il J5 %
BAH W, HEIEN 565 iy i B i B by R
T AL EA T TIRARIE. BT, RTZ20HH
T RCHLL, ik B2 52 AR RABINSE R Y “ 48X

b) ST el Rk

d) Hik

B4 FEIZHENINTISERASHERR

20254 4524

AmT

4 www.mw/950.com



BEREHLER” , nESPR. ERF M EF, mEl
SRR “RREER” o lERT, XA
RREE YT SRR ek, AR A
[IRLAR Y A . SRTT, 2 0a P A 200 B 20 o sl Rk
FERRTEARIY, SRR ATRETC I WL e, &
BOUE R AR, REZIE R O AR . i T
B, ARSI, 5% T
ek rh R H AR B A M ER TR AR, %
POTE A v 3 ORI Y /NPT S o PRk B, 1 R
O T AR R AR o 3 Fofoekl 2 S i A/ VBB AE AT
i R IR 75 B i oh B R WU YR, AT TR B TR
Bro UL, SRR R . eI L
B Jm 55053, AT LA 0k /b 25 0ok A AR By O T
B, AT vl oy A o

E5 MR R HIETE

5K SCSC IR R T S T AR R T 55
AR BRI, Rk RKRZ (d) 5%
# (o) . WHREEEHR (DY) BUktl, Bidel/
(0-DY) o DRIk, o0k B 1 5 oo M 11 45 by R
RAHERHT R, AT DAsd i £ T Ji % o Al B e 8
HUAROR SR/ INVRL AR . SRif,  HAR RSTRIE nss 52
BV AGBIPRA,  [R]HRHy AR B RENR T A 4N
W, W, fESEhs N A, e i 5t
R T 2Ok Ny AR R, TRREW, MiEkkh
W H 2 38 S 7500r/minikt, il & i & 4ok AR
D501 200um, 1 4453 2 T+ #15500r/min, A
FLREDSOFL E2y120um . H T, 2 Wifos—
fRGranule 25007 % & - Jig 4 MR 150 £ A % 3 w]
LAE 3 £530000r/min, ifiy Hfill 73 by A KL B2 DSO{X A
60um 7 4™,

4 HOUHEMFIES RS S RIHLEHE
4.1 BHRSRATHBERR

PO HE A Tl 18 e R — A e T PR R [ 3o S
AR ARt R, [ I it ] B 56 [ X3t 2%

I8 b B 5 R

Laser Additive Manufacturing Topic

Z RGN, TR A SR A S, Kk
IR AR v AR B AR &S g, s
fth NS [R] X3 [ i . (B dm 2B ol 32 ) 0 B 6
B ZES, FEEL AR TG M B AR B A
AR o 3X SERO A 2R 25 % ) A M RE 7 AR LR
ey, {ERttERe 5 ESH&E LEFEER.
[R5 s il P INT18 & 4 b b AL 4n B 6 T 7 o

El6a, bprRAHETFSLMAIZER IN718 A4
WA, ME6a, bl AN ER], LR R E
A R R aR, IR BT TR O ) R B &
Wbk, AW EWEY, X RIS T SR R
(G) FngtlEE=R (R) MILLEAHSE, MG/RIAZR
AR, b ) A R A 2 S ISP 1D AR K R ot 10 1)
et A, LA S hdy, anE6CHN . A
Tilli& T 2R R T i R BT OURR 5 Ak,
e Bl b bL INE AR TE AR S, T B OLER 5 1)
FOREN R i 1O K NS S g AL R NI B
Bhao BT AETT M ek &2 54, CHAUVET
SR R B, WS UTAR DT ) SR R~ 4 R A
o, FEAR Y TE B M JECER 2930 m g ] T v (1 £
Imm, HRSTEEE & A & s K, an
FEl6dFT R, Bl 6CH [Rl AL 7R T e ] GO0 55 44 REE
E5GxRIA (HN&ANERR) 3R, BEG x RIARHE
fn, SRRSO, TARYEY EOHZRRESE, £
DURRAD A, R it 5 A A i i i A S 15 4 B
BAERESGHEZE, mbEEIURIE s m, =2
AL PROCRBEACFIIE IR AR 5200, % Kol 320 P
K, SRR BE N,

5O GE AN, 5SS S S 1 S
Fir ¥ BB A TC 05 1) B S s, anEI6F . g PR,
TROSCHZPYRFSE T 71 [l il T 23 b R~ 1 52
W, KIMSLMEIE T dbb R~ e/, Buskz, M
Bk ) b R T ok, (AR *, SLM
mn b RF KR FROE R, XAz el /g 53 il T
BB B T AR RE X,

W il BL R AIE 19 22 S 40, IO B 4 il 1 T 2%
RO SR A AR 3 AR AT A B N,
PAINT18 i & & A, TEfhgishis T2, A4
H e bl T DOWEL B5R S A B v AHFD Y T AH
DA R oK e LavesAHANRR LY, SRifi, {E80E
EXIEL T2 g, — Mg A H] y FHRy "FHAF

20254 4528l

#HmT

www.mw/950.com 5



20254 4524

K b B 5 R

Laser Additive Manufacturing Topic

a) T H TR PRI S

b) “FAT TIURRT M s RS

¢) RIGHR x Gxf bk 5 R H R

d) JRUTERTS Il bk RIS

&) HSTTRS I A% 25

f) S REN RIS

h) ARl 2R

E6 FREFEH&MINTISE S SATEE"™

1E, [N Lavest ARty Rt B 2w/ h e,
3 T R R Ay b T R e 1 0o R AR R4 B
TAREARBERBHT I, R TR RRTR K, TS
— e B D 2 B E) B2 S R AR RENT . A
FRFY, 5E5%E LEh R ARy
(1~10um) HHEL, BOERIb IS T B R kL
Py (0.1~1pm) A (LA %l 6 T W T 1 A 3L 4r
TR, B AE B EPAS (e ia 2, IR &3
A RS PERERY, (HAE BRI, B T MHRETHT
HA 5 A 4 MR RETE L L% E &A%, B,
WANGZEFIECM24TLCA 4 vp W g2 3] T v AHAIHT
H, MO T TOZE M3 1o o5 943 55 s B Sh Al 7
AL v FHANRE LA
4.2 HYHWEB R EIE

T IR INEER . P [ LR b 2 R 25
RSN, I8 3 b Sl 1o R v 45 7 R R B 4

AmT

6 www.mw/950.com

T3, M5 e & Pl b AT . FERR2E R & 42X
RERIMER, RECEfEE R EAVGE, HIE K
MEZ BEBFERFHRIRRERES A, Ba™
HIl 59 & G AV il PE 5 25 R e B 1k

AR T AL AR, HE b il A RS %
LAy AL REr . B SR AL, |7
PR A EOEH & CM247LCFIINI39 5 4 Y 3fif
REOUHL . it X Ee sy #r, wTLAW] B H X 3R
DUETESUHE AR5 2 . fEIRAE R g, T
DAY %2 21 W] s A s 5% B AT A B R (iE,  &65r X
O LT EHRE G, R AT R AR A
WIS (WLIE7a) o Bk I 2 ) S B HE 2 T AL R HL A
HU R R, AR N T IR 58 2 b A VB AR 254
HARGAANEARY RS, mETbFR, AL
2T, AEEERGR, FEAR IS b S B AR 5
MR, REWIPIMEA BT ARICRE . REL

i



KEEEREBRELANHER, L RREEIH
EHEI MRS, B MRATIAZL90 (WA
7c) .

BUARIWFR M, B &R A &P IR IL L
TSk S A RIS AR S, dnLlaveskd, MCHH
DATe v /oy 'S oA B0 fe bt il o g b, %
RGN REN, 0T PG X AR S AR &
RAEERILG, TR, 24 TG 2 h
BBl F 5% 4% B2 AT, sk S e 20T R 08 ?, h T IR
Fe SR B A S AR R, PR3 S B A A 1
RIE k. ZHOUZMIE BRI iy R OLBICSU-BL
B A A S R RE H, EE R B R T
B A0 A SRR L T BT B ARSI KRN
B A R0 T - A R AR I, 2R e I A
kA A S S DA A S T SR R AR RS, &
Y5k [ F 01k 5 (] TC 5 2R 18 R IR R A FE . [
IF, R E S 2 b B2 RO PR R T, 9598 A o IR
T B 2, W Rk A, [ A B L
HISURT 5y A RS AL (SAC) ik e ] 24
(DDC) ., fEEIE S A kR, RS
AR BB SR by AT A 5. 4 PAIR R
FRHABER T RN, FRA R HRIER 5 B S ek v A
Brit, WX —d A SRS SR, Eask
JEERRE HRHEAN (BN y RS S A K R ot S p
FEAERR ) B, e PR R SRS RIE R, 2L

a) MRILRE

b) e RE

I8 b B 5 R

Laser Additive Manufacturing Topic

& By R, HERA, RTEmkB ALy
BB AR AR, &aio. dbik/h, ditm
Br. dRAAEATI . ARIIRA . SRS R A S
BN AR AT e SRR R R 21,
4.3 RYGWIEFS5EERKE

HAT, #otsstfils et s s e R L2
THRGEA SRy IR, 2, BOCHH fliE
PR 3ok B ] A P (5 2 0 A0 8 P 2 v D i T A A W B
B L b, BRI, DRI A G s B A T B ik e
eI FE G2 —. AHREN, & 4iE&Mo,
Wi &, DARMn, Sidr&, wl LA AR
Hastelloy X&&mRafiust:, M b 2484
R 4 YULER ISy T HES Bt INT38LC 4 4
LT AW, ROBEEHTES BRI, &kt
SrBGEEYK, MARTAH > BTGB 4E /N, X hZEL
A FESEHE T 7 R BUFa AR, il 0 T 38 15 24 E0 iy
HEL, Hsh, TANGZM gt e m sy, TR
T AT SCEL G 24T EHIAB D-850AMAIABD-900AM
A A, BIRIXPFNE A B BB T e
SUFUBAE X ], (HEBEAR T v ULiE SR AL AHIY & LeFn
R, R AET00°C DAk v i 9% B e R+
CM247LC A4, HILA I, REMRMLE LD BN
ARG A GE R 2 —, AHSEER B R
LEO B SRR S YRR Z [ T 1l

KEMFREY, S EONAT B g S # So0)

¢) [EERY

B7 HEHHIECM247LCEINI3OA & IR IR

20254 4528l

#HmT

www.mw/950.com 7



K b B 5 R

Laser Additive Manufacturing Topic

it ) B [ A7 A B A WSR2, i 52T E AR Y
Sy AR B AR, B, PRARATEN L2
—FhHI R BT B, RS T A
ot ING25 A 4 ZELUTHUBANE I REA, S B HE AR Tl
B FE300°C AT LA & 4 NI B 4 b2 ) B AIK50% LA
b, R D T R EeE R, OTTO% M —%
R R, GE e AR A SO P R R, AL
ANHIHAYNES 2824 4 rhifs k 2LE0HY d S DLTE A
Prith, MR T SRR DB B, AN Eh il
% T RHGATENME . ENGELIZEPMIREGE T2
B BL B R EC M24TL C A 4 BB ML 52,
SREoR, MEMCIHRGE N, &48nNHrRs
e L PR, (LIRS B 2 58 n, miGUO
2121 3ok SR P o e 84 SRR RS S BB SR S
BEDIERE TINT38LC A & Zear, R ALER =R
PR HIAEAL A 0.046% AR, BEAh, XU,
ZHANG& P FIK ONT I S5 iff 7¢ itk — HiF 52,
AT BN L 2 RE 5 280 /D 2Bk FE I T B
B F B g T o 24 R L) 25 e B 1) T B
FE, Hd#hAEEE (Hot Isostatic Pressing, HIP)
prp DSOS EIES T NI E XS STBUR (=1 LN
BALA 4, i —er=<E, FIHEAFR 9
WOV PR RPE . T kTR IE T A R X
BOEE X I (L GH3230 4 &4 4 5 T B4 8L s
EIRFRW], AEE RO AE I BRI R ST 28 R <AL
(IRl fREE T kB b, M B T
AP MR E, A, EERESGEH
e B A il BRI e TR A A L SRR R 5 T R
WAEHANZEST - LEEZEPIfIREZ AE 12 i 52 vh
BRI TR, BARGERHE L ZNSREE, HE
DA R SRS BE 25 ROH R R DA S e e i 55 5 1
AR, LK, PkipdimabsE (Electro Pulsing
Treatment, EPT) E4—Fufi 24au o MA LB A
FEA& B LR RN 2 S0 5 e B 7 1o Je B L 1R 4 1) oz PR i
H. ZHENGEE g it ik orh ML AL BE B D) 958 T B4R
RS A . WANGZES IR gE R 8L, ke i
RERS IR HE IR 4 WO, fERVER DL EER T
S FLMSOI LI A2 T —E M EE . FIR
BT, ko R (2 S S LIRS 1 LR
FEAE . PR, R S EAET, X
LI/ &R AR o B A LRy, AT I, ik

20254 4524

AmT

8 www.mw/950.com

i FRL S A B A T R B A T B A 1 i B v T A
Rt R AR 2 —.

5 HEkERRE

5.1 DMEHkE
Hap, REBOEHEH GG B R A 2

5 B B, (B e i £ B R BRI

Bilhn, (EEOCIEH GRS R, Pk b R

Rt S R R A B, T S8 22

AT, BARKEHIELCHFESE —E~RE L

ARG, MHPEERAR. TEERIRESS

Fapp LR, Fik, ERALZEE&ET, @

(AT A5 200K /NG5 4% o7 7 953 Wi e R 5 FRt e 1 [, b

O, BRIE IR A A IO A T R RO AL (dn

ARG SRR RIRT AR A1) 2% M

FPERE ARG AS ERE . PRIk, Al S BLGOUL A 2 I

WA, LAt DA drRERE , o AR

Al

52 FREKRE
FERRRE R, 5 B S R A e

o HEAT PR, B A 4 ) B4 S0 B

[l it by A TR R IR, DAk 2 U RE D AN

GaERE, ELESKMmIT I, TP

Bk il LS BOT R AT A A S AR 15200,

HEST RS T ES 806 1, LLSE Bk B 1A 2505

e HAR PRI La AR 1L . (RIS EHIT5 1/, ATLA

BT A GRPEIEHIENG, BIASEIEL M, PR

PERIROR AR AT, st ah A, LU K e ba

Sy AR AT A AR SR, i S B 3 A il

o TR RS e, E S AR ER ORI, BB

BB RALE R, - PHREEMER SR

PRI B AL R TG 3, DABEARE A . @ik TZ, JRik

—BARTH I )RR S AT St

Sk

[1] £4M, 2z, 2XF, & 2EZFTEHELMH
# Ak R [J]. AR B4R, 2011, 25 (S2) . 482-
486.

[2]1 726, HEm, Hamil, % 48464 074
EHAT R RI] &EN, 2023, 53 (2) . 52-
67.

[B] RER, w5, THF, & 2N EHEENRE



MEEALEN L BERHERD]. £ BT (#
JmL) , 2024 (9) . 1-14.

[4] REH, k&, FER, F EIEHHEIRE
BRI # E k& T2, 2024 (18) . 231-233.

5] A&, Fa, T—%, ¥ @XEEREEEN
MR Eo R RO FE R TR, 2024,
16 (10) . 10-27.

6] i, &R, F@F, ¥ FOEHHHERR
WA RIRE K EREFD] MEHELA, 2016

(12) . 26-31.

[7]1 #&, BEAR. NATHEAEAN LR & M-
HlEHARD] o E AR R, 2015, 34 (9) . 684-
688, 658.

[8] LU N, LEI Z, HU K, et al. Hot cracking behavior
and mechanism of a third-generation Ni-based
single-crystal superalloy during directed energy
deposition[J]. Additive Manufacturing, 2020, 34.
101228.

[91 SANCHEZ S, SMITH P, XU Z, et al. Powder
bed fusion of nickel-based superalloys: A review[J].
International Journal of Machine Tools and
Manufacture, 2021, 165. 103729.

[10] QI H, AZER M, RITTER A. Studies of
standard heat treatment effects on microstructure
and mechanical properties of laser net shape
manufactured Inconel 718[J]. Metallurgical and
Materials Transactions A, 2009, 40. 2410-2422.

[11] OTTO R, BR@TAN V, CARVALHO P A, et al.
Roadmap for additive manufacturing of HAYNES®
282° superalloy by laser beam powder bed fusion
(PBF-LB) technology[J]. Materials & Design,
2021, 204. 109656.

[12] TANG Y T, PANWISAWAS C, GHOUSSOUB
J N, et al. Alloys-by-design: Application to new
superalloys for additive manufacturing[J]. Acta
Materialia, 2021, 202. 417-436.

[13] Lk, K%z, Fikd, ¥ BAELBEERY
DZ125L B4 EH T LA R0 FEHL,
2011, 38 (7) : 119-125.

[14] #hepid, R, Rw#H, F BOLHEMHERTES
eMHE T EF R RD] 28 F#), 2021, 57
(11) . 1471-1483.

I8 b B 5 R

Laser Additive Manufacturing Topic

[15] f &, EAF, &, ¥ BETEGLHATHR
K&K BEARD] wREELT L, 2022, 32
(2) . 96-100.

[16] #4&, B4 E, Ek, ¥ HHHEALBH KA
Rt RNl FEAELE ¥R, 2021, 31 (2) .
245-257.

[17] HOHMANN M, JONSSON S. Modern systems for
production of high quality metal alloy powder[J].
Vacuum, 1990, 41 (7-9) . 2173-2176.

[18] =1k, &Kk, KEE, %. 3DITHARPHK
&SR R HRD]. A TEFR, 2017, 17
(5) : 911-917.

[19] ke &, HEK, HEF, £ ERAEFLHR
IR KRR EFHANEL] H3E¥H, 2021, 70
(14) . 134-148.

[20] TANGJ, NIEY, LEIQ, etal. Characteristics and
atomization behavior of Ti-6Al-4V powder produced
by plasma rotating electrode process[J]. Advanced
Powder Technology, 2019, 30 (10) . 2330-
2337.

1] k%=, W@, FEK AFETREERER
REEFEe 0 RDI]. B REE£ T ¥, 1998
(6) . 13-18.

[22] QI H, AZER M, RITTER A. Studies of
standard heat treatment effects on microstructure
and mechanical properties of laser net shape
manufactured Inconel 718[J]. Metallurgical and
Materials Transactions A, 2009, 40. 2410-2422.

[23] CHEN Y, ZHANG J, WANG B, et al.
Comparative study of IN600 superalloy produced
by two powder metallurgy technologies: Argon
atomizing and plasma rotating electrode process[J].
Vacuum, 2018, 156. 302-309.

[24] ZHANG Z, LIU J, WANG J, et al. Effects
of powder forming method and heat treatment
process on the microstructure and mechanical
properties of a Ni-based superalloy by laser additive
manufacturing: The 75th World Foundry Congress
[C]. Sichuan: Foundry Institution of Chinese
Mechanical Engineering Society, 2024.

[25] 24, am%, FAwY, F. PREPHEMAALZHE
Inconel 7181 K %t b o #7[J]. o E #ELAH &,

20254 4528l

#HmT

www.mw/950.com 9



K b B 5 R

Laser Additive Manufacturing Topic

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

20254 4524

2019 (19) . 1-4.
RABIN B H, SMOLIK G R, KORTH G E.
Characterization of entrapped gases in rapidly
solidified powders[J]. Materials Science and
Engineering: A, 1990, 124 (1) . 1-7.
KX, K=F, lREKA, ¥ PREPRHEFEAS S
BB RD] B R G £H0K, 2001 (1) « 12-15.
DEBROY T, WEI H L, ZUBACK J S, et al.
Additive manufacturing of metallic components—
process, structure and properties[J]. Progress in
Materials Science, 2018, 92. 112-224.
CHAUVET E, KONTIS P, JAGLE E A, et al.
Hot cracking mechanism affecting a non-weldable
Ni-based superalloy produced by selective electron
Beam Melting[J]. Acta Materialia, 2018, 142. 82-
94.
YEOH Y C, MACCHI G, JAIN E, et al.
Multiscale microstructural heterogeneity and
mechanical property scatter in Inconel 718 produced
by directed energy deposition[J]. Journal of Alloys
and Compounds, 2021, 887. 161426.
TROSCH T, STRORNER J, VOLKL R, et al.
Microstructure and mechanical properties of selective
laser melted Inconel 718 compared to forging and
casting[J]. Materials Letters, 2016, 164. 428-431.
ZHANG D, FENG Z, WANG C, et al.
Comparison of microstructures and mechanical
properties of Inconel 718 alloy processed by selective
laser melting and casting[J]. Materials Science and
Engineering: A, 2018, 724. 357-367.
SVEC M, SOLFRONK P, NOVAKOVA 1, et al.
Comparison of the structure, mechanical properties
and effect of heat treatment on alloy Inconel 718
produced by conventional technology and by additive
layer manufacturing[J]. Materials, 2023, 16
(15) . 5382.
Fadr, ANFA, ANHFF, F.OAlL Tig g
Inconel 71844 %1 4 L A0 NE B AT A W Fwa[d]. #
HAEFE TR¥, 2016, 34 (2) . 242-247,
264.
TIAN Y, MUNIZ-LERMA J A, BROCHU M.

Nickel-based superalloy microstructure obtained

AmT

10 www.mw/950.com

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

by pulsed laser powder bed fusion[J]. Materials
Characterization, 2017, 131. 306-315.

LIULR, JINT, ZHAO N R, et al. Effect of
carbon addition on the creep properties in a Ni-based
single crystal superalloy[J]. Materials Science and
Engineering: A, 2004, 385 (1-2) . 105-112.
WANG X, CARTER L N, PANG B, et al.
Microstructure and yield strength of SLM-fabricated
CM247LC Ni-Superalloy[J]. Acta Materialia,
2017, 128. 87-95.

HER, XA, HRL, F OROLEMHEE
& U T RAT A B R R AT = A FEOK,
2022, 33 (9) : 26-42.

GHAEMIFAR S, MIRZADEH H. Precipitation
(NbC)

homogenization heat treatment of additively

kinetics of niobium carbide during
manufactured inconel 718 superalloy[J]. Journal of
Materials Research and Technology, 2023, 25.
1774-1781.

XIAO H, LI S M, XIAO W J, et al. Effects of
laser modes on Nb segregation and Laves phase
formation during laser additive manufacturing of
nickel-based superalloy[J]. Materials Letters,
2017, 188. 260-262.

XU J, LIN X, ZHAO Y, et al. HAZ liquation
cracking mechanism of IN-738LC superalloy
prepared by laser solid forming[J]. Metallurgical and
Materials Transactions A, 2018, 49. 5118-5136.
XU J, LIN X, ZHAO Y, et al. HAZ liquation
cracking mechanism of IN-738LC superalloy
prepared by laser solid forming[J]. Metallurgical and
Materials Transactions A, 2018, 49. 5118-5136.
ZHOU Z, HUANG L, SHANG Y, et al. Causes
analysis on cracks in nickel-based single crystal
superalloy fabricated by laser powder deposition
additive manufacturing[J]. Materials & Design,
2018, 160. 1238-1249.

MOSTAFAEI A, GHIAASIAANR, HOIT, etal.
Additive manufacturing of nickel-based superalloys:
A state-of-the-art review on process-structure-
defect-property relationship[J]. Progress in Materials
Science, 2023, 136. 101108.



[45]

[46]

[47]

(48]

[49]

[50]

[51]

(52]

(53]

[54]

A, XA, Fela, % REMHEETREL
2 L DDCHy £ JRANEE R A % 3 R [J]. 224, 2018
(7) . 7-13, 65.
TANG Y T, PANWISAWAS C, GHOUSSOUB
J N, et al. Alloys-by-design: Application to new
superalloys for additive manufacturing[J]. Acta
Materialia, 2021, 202. 417-436.
TOMUS D, JARVIS T, WU X, et al. Controlling
the microstructure of Hastelloy-X components
manufactured by selective laser melting[J]. Physics
Procedia, 2013, 41. 823-827.
HARRISON N J, TODD I, MUMTAZ K.
Reduction of micro-cracking in nickel superalloys
processed by selective laser melting: A fundamental
alloy design approach[J]. Acta Materialia, 2015,
94. 59-68.
YU Z, GUO C, HAN S, et al. The effect of Hf
on solidification cracking inhibition of IN738LC
processed by selective laser melting[J]. Materials
Science and Engineering: A, 2021, 804. 140733.
wKiE, FM, BEM, F.HOLEKEMAInconel
6256 & T RATHRMHAX]. A LB,
2015, 39 (11) . 961-966.
ENGELI R. Selective laser melting & heat treatment
of y strengthened Ni-base superalloys for high
temperature applications[D]. Switzerland . ETH
Zurich, 2017.
GUO C, ZHOU Y, LI X, et al. A comparing
study of defect generation in IN738LC superalloy
fabricated by laser powder bed fusion: Continuous-
wave mode versus pulsed-wave mode[J]. Journal of
Materials Science & Technology, 2021, 90. 45-
57.
XU J, DING Y, GAOQOY, et al. Grain refinement
and crack inhibition of hard-to-weld Inconel 738
alloy by altering the scanning strategy during
selective laser melting[J]. Materials & Design,
2021, 209. 109940.
ZHANG X, CHEN H, XU L, et al. Cracking
mechanism and susceptibility of laser melting
deposited Inconel 738 superalloy[J]. Materials &
Design, 2019, 183. 108105.

[55]

[56]

[57]

(58]

[59]

[60]

[61]

[62]

I8 b B 5 R

Laser Additive Manufacturing Topic

KONTIS P, CHAUVET E, PENG Z, et al.
Atomic-scale grain boundary engineering to
overcome hot-cracking in additively-manufactured
superalloys[J]. Acta Materialia, 2019, 177. 209-
221.

Ead, XAH, KEE, % AEHFEAHOLE
OB AL | #EGH3230 7 IR & & MR A 5 A AW
) iz wERAR, 2024, 67 (3) . 55-61.
HAN Q, MERTENS R, MONTERO-SISTIAGA
M L, etal. Laser powder bed fusion of Hastelloy X:
Effects of hot isostatic pressing and the hot cracking
mechanism[J]. Materials Science and Engineering:
A, 2018, 732. 228-239.

LEEJU, KIMY K, SEO S M, etal. Effects of hot
isostatic pressing treatment on the microstructure and
tensile properties of Ni-based superalloy CM247LC
manufactured by selective laser melting[J]. Materials
Science and Engineering: A, 2022, 841. 143083.
REZAEI A, KERMANPUR A, REZAEIAN
A, et al. Contribution of hot isostatic pressing
on densification, microstructure evolution, and
mechanical anisotropy of additively manufactured
IN718 Ni-based superalloy[J]. Materials Science and
Engineering: A, 2021, 823. 141721.

ZHENG X G, SHI Y N, LU K. Electro-
healing cracks in nickel[J]. Materials Science and
Engineering: A, 2013, 561. 52-59.

WANG F, QIAN D, HUA L, et al. Voids healing
and carbide refinement of cold rolled M50 bearing
steel by electropulsing treatment[J]. Scientific
Reports, 2019, 9 (1) . 11315.

BRE, AARK, AARK, % Fob w454 §

1 8y IR ZAE RO A RHeF 52 4%, 2000 (1) . 29-
36.
[IT] 20241123

20254 4528l

#HmT

www.mw/950.com 11



