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Method of Suppressing Solidification Cracking by Laser Surface Melting and
Epitaxial Growth Behavior for Directionally Solidified 247LC Superalloy

Kyeong-Min Kim and Eun-Joon Chun*

Department of Materials System Engineering, Pukyong National University, Busan 48513, Republic of Korea

Abstract: In this study, the relationship between solidification cracking and epitaxial growth behavior with
the high-speed laser surface melting of a directionally solidified 247LC superalloys was fundamentally and
metallurgically investigated, to develop a successful welding procedure for the next generation of gas turbine
blades. Under typical laser surface melting conditions (scan speed: 50 mm/s, heat input: 40 J/mm), severe
solidification cracking phenomena occurs. The key metallurgical factors of solidification cracking have been
identified as solidification segregation-assisted pipeline diffusion behavior at the solidification grain boundary,
and in the randomly formed polycrystalline melting zone microstructure. In addition, under extremely low
heat input and high-speed laser beam scan conditions (scan speed: 1000 mm/s, heat input: 2 J/mm), an
effective surface melting zone can be obtained within a single directionally solidified grain under a relatively
high-energy beam density (65 J/mm?) using the characteristics of single-mode fiber lasers. Results reveal that
the laser melting zone successfully shows a 99.9% epitaxial growth achievement ratio. Because of the superior
epitaxial growth ratio within the laser surface melting zone, and the rapid solidification phenomena,
formation of a solidification grain boundary and solidification segregation-assisted pipeline diffusion behavior
can be suppressed. Finally, a solidification crack-free laser melting zone can thus be achieved.
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Table 1. Chemical composition of material used (mass%).

A 588 A A61HE A435 (2023 49)

Material  Ni C Cr Co Mo W Ti Al B Zr Hf P S
247LC Bal. 007 8l 92 05 95 07 56 0015 0015 14 <0.0006<0.0002

stelem, 53] @24 A4 Al golAWe] AzAEY  AlRA 543 oueld AdAE, 1Ela Suwd A

A He, FolAR olF&E ol mE SuxZ|e] ¥t o AAAAE FHIINH, HFTHoE IdWFS

2 yegd wAe] gEAAe] tieiA Bk vl k. 247LC UG Belol=e] Fd SN I ks

[3]. 282 Lu et al. &3 CMSX-10 ¢ DED %  AA|slaz} st

Az Al HEAA A 5 sl HES b 3o, 53]

A Y 7ke] WA e Iewd TAATE A= 2. AlE g

UA s, 70 o]t RS 7%l AR HA ol

A R Jegdo] BT & S AAIS vk 9l 2.1. 247LC =L EE=

t} [4]. 19} FAFSE A= Chen et al. o QJsiM= B AREE B dweksy F2E AR 247LC 2 gEg

A=A AT [5]. oIAH SxFEH AT ol dist S ARESIeH, slEdEe K 19 ZIAEATE 2 =

A AFES Yol @A 2lgdEd 284S B wolAMe 4ZHE 247LC-CC ¥ 247LC-DSE Wi}

I deun6], 4 2 EdEel g ddAt 4 FRA= A3 (1505 K- 1208) 2 A& FAE](1145K

e vluE BET AAot) [7-9]. B AARS dukeks — 12008)2 F&siid A" 2AE 150 x50 x 3

g 247LC ZNEFF ST BA A He 2 mmoz2 el HE AgAS Azl

[10,11] 2 AskFd[12-16]9] thsl] @+F A=} A7

oS 7Aoo =2 HIE uf Yo}, o] S 247LC T 2.2. 80| EHEE

o] AR FRAE IR 3 HE AHEZ, IS AJZFRE vloly o)A (YLS-2000-SM, IPG)E |43

3 A Ags] YeiME 74 22dE Asd oFy  ZHEgAEE AAST 18" 12 olE 9% oA

A Qo] A 2 FrE 83 38 2] EFo] A E AYIEE veRdth £ golx] dxlVe HulE:

Z71H o2 P AAolt} g 2 kW, T 1070 nm, 28|32 1.052] M? #S 714
SHH, SO HAeA bt olmald S 7] flEl ™, 94 27 U (intelliSCAN20, Scanlab)et -sste] Fx

AMe TR AE 7K 55 dEgelE, & 2E A 294 38 ume] W AAES THRESE AT &

glo] A (stray crystal) Fe] A7 BQsh, olF 91 2= WiEAQI dolA & 2US dERTh

= AYE 8§ 342 H8o] Qs Aoz dHA FH &goll= XM (linear) ¥ LT E(wobble)e] H

ATt [2]. o] E FHolA st olTeld Aol tigh A 2AS AL, FojA EEHe 2 kWE IS

3 AH=S et vt A3Eo] HolxXE vIES 1 th 53] AM 27 Alddls oW AWEE 50-1000

AE 9L 83k Tt [6]. H2e] dluald At 3 mmis 2 JEHF 240 J/mmol A HIEZHAZE 0, +5,

AE 283799 YEFS i 20-50 Jmm BHE AR 410 mmOZE thASIAIA, 65-1341 J/mm? 92 oUA]

sl glont [6], olueld A Sud A ek B EEE Fg 2 AESNUT 4EYE Ao Uagss

o AEJE AEES YeMe F7HE¢ Jd9% Aol 2 1000 mm/s, YEF 2 J/mm, HIZH A +10 mm ZA3}

83k Aotk AN 71& e AFSelA ARSE #ol oA F 0.1 mm, FEF 15000 HzE A-&-3k3itt

#] WA A 4(beam propagation factor, MY 5 O O=,

7H ALF A3 Al BEFRET oluA] 2= A
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AgATollr] FTHEA U TeuA UL o] B %
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9 53174 28 v] A (Transmission Electron Microscopy,
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Table 2. Conditions of laser surface melting by single-mode fiber
laser.

Linear scan (without wobble)

Laser power (kW) 2
Scan speed (mm/s) 50 1000
Heat input (J/mm) 40 2
Defocusing distance (mm) 0 0 +5  +10
Energy density (JJ/mm?) 1341 67 66 65

Circular wobble scan

Laser power (kW) 2
Scan speed (mm/s) 1000
Defocusing distance (mm) +10
Wobble amplitude (mm) 0.1
Wobble frequency (Hz) 15000
Wobble speed (mm/s) 9420
Energy density (J/mm?) 6.90
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Linear scan and motion without wobble
Scan speed: 50 mm/s

Heat input: 40 JJ/mm
Energy density: 1341 Jimm?

(a)

(b)

Fig. 2. EBSD images of single-pass laser melting surface for (a)247LC-CC and (b)247LC-DS specimens. *1Q: image quality, IPF: inverse
pole figure, DS: directional solidification
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Fig. 4. OM, EBSD images of single-pass laser melting (a) surface and (b) cross-section for 247LC-DS specimen.
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1st pass

2nd pass

Observation area-»i

-
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Linear scan and motion without wobble (8105;";:3
Laser beam overlapping ratio: 50%

Scan speed: 1000 mm/s
Heat input: 2 J/mm
Energy density: 65 J/mm?

Boundary
(2nd pass)

Hot crack
free

Linear scan and circular motion without wobble
Curvature of circle: 6.8R
Laser beam overlapping ratio: 65%

Scan speed: 1000 mm/s
Heat input: 2 J/mm
Energy density: 65 Jimm?

Linear scan and ellipse motion without wobble
Laser beam overlapping ratio: 65%

Scan speed: 1000 mm/s

Heatinput: 2 JJmm

Energy density: 65 J/nm?

(b)
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Circular wobble scan and linear motion

Scan speed: 1000 mm/s
Wobble frequency: 15000 Hz
Wobble speed: 9420 mm/s
Energy density: 6.90 J/mm 2

258

P
rlo
AN

Selected single DS gram

Fig. 7. EBSD images of single-pass laser melting surface under circular wobble scan for 247LC-DS specimen.
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1st pass
2nd pass

Observation area-»i_

Linear scan and motion withoutwobble
Laser beam overlapping ratio: 50%

Scan speed: 1000 mm/s |

Heat input: 2 J/mm
Energy density: 65 Jmm?

[001] MC

<Composition of MC (at%)>
c I BPEir A e |
| 3245 250 31.87 3318

Fig. 8. Representative microstructure of hot crack-free laser melting zone of 247L.C-DS specimen; (a) element distribution of the melting
zone and (b) phase characterization by EPMA and TEM. ¥ DF: dark field
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Fig. 9. Hardness distribution of hot crack-free laser melting zone of 247LC-DS specimen.
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