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Fig.1 Typical morphologies of superalloy powder (a) and well
mixed superalloy composite powder (b) for additive

manufacturing™!
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Fig.2 Morphologies and size distributions of superalloy
composites powder before (a) and after (b) ball

milling"”?
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Fig.3 Unmelted area in the additive manufactured pure HX (a) and

Pure-HX-45.5 J/mm®

200 pm b & 200 pm-

2% TiBy/HX composite (b) at the same laser power density !
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Fig.4 Mechanism for metallurgical modification by nanoparticles during laser melting of Ni-based composites
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Fig.5 TEM micrograph showing the interaction between the
reinforcing phase and the dislocations in additive

manufactured superalloy composites!'”’
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Fig.6 Bright-field TEM images of additive manufactured 3% TiC/HX

nanoparticles composites, showing the coherent interface

between the matrix and TiC nanoparticles™")

FEHIOE 5 & RARL R A R B0 A8 BAR L, R & 1E R
I8 DX J AR T A o B AT VA 0 DR 3 R B AR =
FEER P RA EN TR, 28 LR B, R I RO 45
Fo) 5 B R A S A 4 Mty R U ] 2% 1 e, A R
BEEE G RUEEEE R v, G/V W EHlEERR, G/
fEBOR, B REER TR E: 65 Vi
ezt mBR/AN, G5 VR, RAMERM
HZUERAT /N o DR 3G B 1) 3 iR B A O 2 21 1 B2
MIEARATE PR T ) S E AR K R At /IR d ks, HL 28 ik
TZZUIRUZ, SR AN R A i

HER 3 R A A A AR A A 4 E R ]
2 1 A UKL BE 75 A IR A 4 [ A% FE 24 R R
o KR R L k[ 3 R P 7 2 5 R A% R S A ik
TR S RS R AR, R IR N SR A A 4 I RO
HLUZPAT TR 7 17 AR SR KL, 9 D0 3 5 AH 1 &
S 1 5 Ak 2H 230 S8 T H K B o R RS B 4H ) A5 il
b, TIX S H<001>ZIR Ik DB, AR g s A s S
FARRLAH /N R TR U G 4 SR G0k b BT B i B 2
RO, B A R, T N8 it R R RS B B 1k T
ZAOMMT, SRR A R IRE R . 5
1 8 18] DX AR LG, 78 f A0 I Bl A T 25 5 e b 7
{15 50 SR8 1 1 0 SR ML RDRE B 77 AN, RE RS
fd 3R Fy BRI A T 4] . Bk, B ZE gk
ERERRAET LR, EER T RE., XK
5 75 AR 55 14 vl A e A R I Y B A 0 B
T P B v A —

Han 25'VR] F] EBSD 40 #7 4h>K 52 & A1 R ok K
L, 9K EFHR R B SR T4l HX SRS 4
TSR KL, RIS I & B 3% TiC 44 KRR Re %
Ak 9K A AR R SR 1 I S, I BT R HX
R A 4 B L. Wei 2P H) René 104 1



° 3622

Wity EmA RS TR

2%k

ININANK TiC BRI, BEFE YK TIC 151N, ¥
BRSFEZERCN T 77.9% (A 70.9 pm FEZE 15.7 pm)
KA L G BN 27.6%38 0% 73.7%, XZ&HT
FEIR 8 A S b R A (B 7)) T B0 U i
T, 31 A R S LA S S B . 8 i AR R
TiC K MURL 55 [ % 7+ 181 1R AH B AR A A HIOR: Aok
LA AR EE R R, FR, TIC 49K ETR
7E René 104 FEAA v [y 35 57 43 B &b S0 4T 3L &
71, FE] G AEE A )3 ik AR 5 A0 AT S0 AR
K, Zhang ZEPS@E B 7 AN 2% TiB, BURLE] HX
A 4 R R RSE R AR AR E ) 1R AR AR B, Al HX
HORTE AN IV NG R =R b S ¥ = TN SRR A AN AR P VTR A
TE4E HX s & &b & 2 S AL, 1 7RG A s ) R
GMEHE IR T2 LSRN SR, A AR
TR it FRRR R B0 A RS DN , 3RBH TiB, R AE
SEABTE A kL gn A i E R .
3.1.2 R@EiAR

TEMEM s FE o, =S S oK BT SRR
REAE 58 A 45 A, TV 0 ) A A B T B B A R
RERMBEIEMN. X, BBNETFREOLRE
N B SR LRI B R TR AR Bt T 0 I R R i A A
SRS RBEIUN JE T 53R R TS S, TR RO i
FH 5 A TR PR 6 P8 ST o — 8 5 A i I v P
FHHY B TERY HLX . 24 DLRE & % BRI oL R
SPIE, BT RE R A R AT B0 FE L M LSO . BB
T g B PR R Ry, it i R A B R R 2
DA B 2 0 S5 T R R B it . R, X 2 MR
R B ST I AR A T A SR B R AR B S
THI AT LA 204 o 6 M 8 /5 Ak S THD (VR AT Dy, S
(RS BE 22 5, JERC B MR . TR TEAT N IAE A .

Hong %M FBOLIM A il i& T 2001 % TiC Bk
W5k In718 =& 4, RIL TIC Homtl 5354k 2 M
T — AN 0.8~1.4 pm FIER RWEE. WK 8 fr
N, R R &R Nb Al Mo 5 TiC Fitki

Bl 7 R0 K René 104 F1 TiC/René 104 = Sk JE SR
IPF &
Fig.7 [IPFs of grains in as-printed René 104 alloy (a) and TiC/

René 104 composites (b) *”!

X
Melted and precipitated TiC

¥

Unmelted TiC

|
w
Interfacial layer

10 pm

B8 R HE w iR A e 5 A A R R ST 2 SO ZE 21
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Fig.9 Schematic diagram of the generation mechanism of the
graded interfacial layer in the additive manufactured

WC/In718 superalloy composite!*”’
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Fig.10 High-magnification FE-SEM images showing the typical morphologies of TiC reinforcing particles in additive manufactured superalloy

composites: (a) nano-TiC, (b) micro-TiC, (c) TiC inside the grain in Fig.10a, and (d) TiC on the grain boundary in Fig.10a
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coating: (a) intact MWCNTs, (b, c¢) graphene nano sheets (GNSs), (d) porous carbon nano ribbon (CNR), and (e) diamond-like

nano particles (DNPs)™”
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Fig.12  Microstructure of agglomerated TiC clusters in the
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[21]

superalloy  nanocomposite sample by

manufacturing: (a) SEM image and (b) EDX image
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Fig.13 Schematic diagram of intergranular microcrack formation
[20]

in superalloy composites

F1 AAUEMHESESEEAMBERNMIEERERE

Tablel Tensilepropertiesand hardness of typical superalloy composites by additive manufacturing

Matrix Reinforcement  Yield strength/MPa  Tensile strength/MPa  Elongation/% Hardness, HV/x9.8 MPa Refs.
Hastelloy X TiC 83042 115043 12+1.4 - [21]
In718 TiC 774.26 1029 12.32 - [47]
In625 TiC 659.3 1077.3 20.7 - [15]
In625 MWCNT 788129 998+34 19.14+0.1 - [51]
K418 GNPs 1078.17 1200 10.3 - [18]
In718 TiC 419 [52]
In718 WC 393.2 [43]

Note: MWCNT: multi-wall carbon nanotube; GNPs: graphene nanoplatelets
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Resear ch and Development Progressin Superalloy Composites by L aser Additive
Manufacturing

Ren Qingguo, Yao Zhihao, Dong Jianxin, Ye Xianwen

(School of Materials Science and Engineering, University of Science and Technology Beijing, Beijing 100083, China)

Abstract: The research and development progress of additive manufacturing technology in superalloy composites are comprehensively
summarized in this paper. The powder mixing, material metallurgical process and strengthening mechanism of superalloy composites made
by additive manufacturing are systematically reviewed. Moreover, the microstructure, defects and the properties of superalloy composites
by additive manufacturing are analyzed and compared in detail. On this basis, the research status of additive manufactured superalloy
composites is summarized, the directions of future development are forecasted, which may include the design of new strengthened phases,
the addition mode of reinforcing phases and the influence on creep and fatigue properties of superalloy composites. This paper will be
helpful to the research and development of superalloy composites by additive manufacturing.
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