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350 J/m, FHH R 5370 % BN 0.07. 0.08+ 0.09+ 0.10-
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Fig. 1 Morphologies and microstructures of as-atomized Renel04 powders: (a) SEM image of powders; (b) Particle size
distribution of powders; (c¢) Cross-sectional microstructure of powders; (d) Solidification microstructure of powders

% 1 Renel04 &4 Z WM KRS HHrss R

Table 1 Composition of as-atomized Rene104 superalloy powders (mass fraction, %)

Sample Co Cr Mo w Al Ti Ta Nb Zr B C N (0] Ni
Nominal composition 20.6 13 3.8 2.1 34 3.9 2.4 0.9 0.05 0.03 0.04 - - Bal
ICP 20 126 378 2.14 324 366 205 0.82 0.057 0.045 0.05 0.0073 0.011 Bal
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BAK, 0314 0.0073%A1 0.011%(5 &2 %0).
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250 J/m LA B, ROER, HmEs, R
WIEROLE 3(c)fi(d)). X—2ER 5K 2 S Ed iR
—H. AT, SLM B L Re % XS0 A
FEE, AL RN 250 J/m.
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Fig. 2 Variation of relative density of SLM-processed

Renel104 samples with linear energy input (1)
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Fig. 3 Microstructures in X—Y plane of SLM-processed Renel04 samples at various linear energy input: (a) 200 J/m; (b) 250 J/m;

(¢) 300 J/m; (d) 350 J/m
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Fig. 5 Microstructures of X—Y planes in SLM-processed Renel04 samples at various hatching space: (a) 0.07 mm; (b) 0.08 mm;

() 0.09 mm; (d) 0.10 mm; (e) 0.11 mm; (f) 0.12 mm
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44

Bl 7 B e i Tl i B3 DX O A A O R i
BAHLTES . HE 7 R TRURI, 1E X-Y PR E R
FUOU IR SR L 7(a)), RSFZ1I8 0.5 pum; 7
X=Z VA J Y=Z P THAFAEIR 2238 J7 1h) AR K R R AR
eI 7(b)), KL 3~5 um; DAAIELAEKT
KR AAEIR AL L 7(c)), KEEHIE 30 pm. 45
G 7 =407 ISR SR, SLM B Renel04 &4
(1 dhr 2 BN R T TR 0.5 pme Bl RS 3~5
pm 5% 30 pm FIFEIR S ZH L 5 7(a) A SRR
MELE 7(d)), KIAES TR T35 5500 4/

Molten pool tip
Straight |
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6 Renel04 &< SLM RO BREATESU(E h s 1 2yt i)

Fig. 6 Morphologies of defects in SLM-processed Renel104 samples: (a) Cracks of X—Y plane (perpendicular to build direction); (b)
Cracks between molten pool; (c) Cracks of X—Z plane (parallel to build direction); (d) Cracks cross tip of molten pool; (¢) Remained
holes; (f) Remained powders
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BRALHILL & Laves AH, fEAA BRI T BN T Nb JGERM C JuRIIMbT, HE— AW T IX— IR
XL B MC R MysCo B, Laves AR 1T K 8 o AL X BOEIE LY Renel 04 F i 213l
FE A2 Nb TCR T — AT I YEAR, Oy HLURE S i B 545 IR - AR 8(a) B X—Y THI 1 &] 8(b)
HHONTT S5 K. I EDS B b, RBUERSHBL M X-Z MBS, BRI AL

Bl 7 Renel04 &4 SLM Ff i i s 4141
Fig. 7 Microstructures of etched SLM-processed Renel04 samples: (a) Cell grains; (b) Short-rod grains; (c) Long-rod grains;
(d) Secondary phases in cell grains

B8 Renel04 &4 SLM i i Gl 4L GE S H 85 W34
Fig. 8 TEM bright field images of SLM-processed Renel104 samples: (a) Microstructure of X—Y plane; (b) Microstructure of X—Z
plane; (c) Distribution of carbides in X—Z plane; (d) Morphology of carbide in X—Z plane
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TN BRI AAAE, eI sh B RIHAS, TR T A7
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HNALTTHAIAIROLE 8(d)), FE N MC BB,
CERA MO E LS, Hr iR, 2R
HRE SR o

2.5 RS SR E

Kl 9 Bk N Renel04 738 mild A 4 55 1 K Rk
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e [ I B R, (HRTELRRE % E N 250 J/m,
BN ik B e i, I (200) & 1 I BARELA) .

AL, FESUE BE A, 7E(200) 88 I H IR EL A,

baE L re s % i — ST E, s EUR R e (111)
ol W o)1k 2 fvs, WTRURIL, Ariids &
W A P T i ) s A WA, 72 300 J/m ik Bl
&, ZJa bR,

(a) ) ¥ : Ni-Cr-Co-Mo
7, 7' (111)  »": Niy(ALTi)

(b) 7 : Ni-Cr-Co-Mo
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i)

350 J/m, 600 mm/s 7, 7'(220)
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(© 7 : Ni-Cr-Co-Mo (d) 111)
v, v (1) 5’ Niy(ALTi)
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A i,
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9 Renel04 &4 SLM B4 K XRD #

Fig. 9 XRD patterns of SLM-processed Renel04 sample: (a) As-atomized powders; (b) XRD analysis of X—Y plane with different

linear energy input; (¢) XRD analysis of X—Z plane with different linear energy input; (d) Diffraction peak position of (111) and (200)

crystal plane of X—Z plane with different linear energy input
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2 Renel04 BUEAF XRD ATl BAL L
Table 2 XRD data showing displacement of identified peaks
for Renel04

Energy density/ 20/(°)
dm™) (111) (200)
200 43.421 50.621
250 43.460 50.681
300 43.499 50.701
350 43.441 50.680

3 TSI

3.1 SLM RS H3T Renel04 & & RHRBELHIENT
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7 B O S B (R R R A A EE )
(L8 B OS2 ) T ORI R T . M2k RE %
N 250 J/m B, IEIMARE] T Ao MRS, R HEUR
RIELL, R T RIGHNGEL G, BIBAFEUE .
DI SO R R, AR R I, A
oA R A 0, T AN FRES: . 243311254 0.08 mm
I, JEtIE 2 [ L B T A@E R b, (A3 i
BIspesl, BRIHER 7RO, R BN
FIFLBR, LB F AT 98.37%. HLFAFHIAI /N T 0.08
mm B, JEMIEZ R EONE N, EilRa T
BRMHER, HTEmEEd 2, S
WEMAD T B LN, BRI 7=
1%, WRESRE RS, BAEKIRERE, ™4
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FERAR . MR T 0.08 mm i, 4AHRIE 2 6]
Mg N E R, 4a RIR M, RO —
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Renel04 &4 SLM B 24T NI . K IAE =g
HEET, BT EEEMNE. S REIR AR5
BAESMERNSR, AHmngS8s8yE, 2522
() B I FE v, Al F DL R 2 TR it i = A T
BORMIBRARRNL S, (A6 S TR, M1,
TERRACI UL K Mfa M Laves A JE [ P~ 26 7™ 5 (¥ B f) 42
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1) SLM i £ fig 2 % FE A0 43 $ 1) B 72 52
Renel04 HRE A SBU% B GG FEE S5 o
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%%, 0.08 mm FAF[AIEE, #4545 2] 1 H0E BES 98.37%
ff) Renel04 & 4.

2) SLM & J¥ Renel04 &4 X—Y -1 3= ZAMMI
FIRAR R H R, X—Z B Y—Z “F [ A7 AE S HR IR B IR

a2, FLVREIE U7 A6 (200) b T R R R R A2, 3
— 5P R 4R B8 R R T DA ) R E I B R (111)
i

3) MLEREE A R R, SRR K i
B, PR R AR N S, DTTTE d A AR LA
ffitt Laves AHAL £ R J R S EOTR, ROHE XY
P IE B B A B Ak Y g, 75 X-Z %
T 228 FAbIEboim A4, Hin@iErnmy .

4) 3% X B EE Renel 04 & 4 B T 440,

FLI S SR B Ry AR BORL A 3 Rk, SREUE R BUE L
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Selective laser melting fabrication and cracking behavior of
Renel04 nickel-based superalloy

DUAN Ran-xi, HUANG Bai-yun, LIU Zu-ming, PENG Kai, LU Xue-gian

(State Key Laboratory of Powder Metallurgy, Central South University, Changsha 410083, China)

Abstract: The Renel04 nickel-based superalloy was fabricated by selective laser melting technology with the scan
strategy of rotation plus filling, and the impacts of process parameters on the microstructure and cracking behavior were
investigated. The results show the linear energy density and hatch spacing are the main parameters that affect the density
and cracking behavior of Rene104 nickel-based superalloy. When the energy density is 250 J/m, and the hatch spacing is
0.08 mm, the relative density of Rene104 nickel-based superalloy samples reaches 98.37%. The Renel04 alloy is mainly
composed of columnar grains with the cross-sectional dimension of 0.5 um and the axial dimension of 3—5 um or 30 pum.
The grain grows along the build direction with the strong (200) texture, while the carbides and Laves phases exist along
the grain boundaries. The defects, including cracks, pores and remained powders, are also be found. The high linear
energy density can cause the large temperature gradient and residual stress, which results in the stress concentration
around precipitates. Therefore, the cracks initiate at the pool tip and interlayer junctions, then extend along the build
direction. The remained pores are mainly caused by the powder hollow, and the remained powders are generated by the
powder splash phenomenon.

Key words: Renel04 superalloy; selective laser melting; relative density; microstructure; crack; carbide
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