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Abstract

Hastelloy C-276, corrosion resistant alloy at high temperature, is used in chemical plant and power
generation industry. In this study, process parameter of laser welding for welding property in Hastelloy
C-276 using a continuous wave Nd:YAG laser was studied. As the result of experiment, laser welding did
not show segregation or crack at heat affected zone compared to conventional GTWA welding. The
melting zone showed cell dendritic structure along with welding line. In addition, planer front solidification
is occurred from welding structure, and it was progressed to cellular solidification. Optimal process
parameter for butt welding was 1.2kW and 2.0 m/min for laser power and welding speed, respectively.
While heat input, output density, tensile stress, and longitudinal strain was 441.98x103 J/ecm2, 29.553x103
W/em2, 768 MPa, and 0.689, respectively. Lap welding of the same material showed greater discrepancy
in tensile property during 1 line and 2 line welding. For 1 line welding, tensile stress was about 320
MPa, and 2 line showed slightly larger tensile stress. However, strain was decreased by 20%. From this
result, lap welding of the same material, Hastelloy C-276, with 2 line welding is considered to be more
effective process than 1 line welding with consideration of mechanical property.
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Table 1 Chemical compositions of Specimens (wt%)

C Mn Fe S Si Cu Ni Cr
0.004 0.41 5.31 0.001 0.058 0.14 58.86 15.75
Hastelloy C-276 Ti Co Mo P B W v
0.01 0.13 15.82 0.012 0.002 3.88 0.01
Austenite C Si Mn p S Cr Ni Fe
Stainless steel 0.08 1.0 2.0 0.04 0.03 18~20 8.~10.5 Bal.
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Fig. 2 Heat input variations of Hastelloy C-276
for welding speeds

Table 2 Parameter of laser welding

Bead welding Butt welding Lap welding
Laser power (kW) 1.0 12,14, 16 14,15, 1.6
Welding speed(m/min) 09~24 1.0~3.0 1.0
Focal position(z) 0(f=200mm) Omm(f=200mm) Omm(f=200mm)
Shielding gas (Ar) 1bar, 3 i/min lbar, 3 l/min lbar, 3 /min

RERH: - BG 2t $264% H5%, 20084 108
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Fig. 6 Cross sectional area of welding according to variation of laser powers and traverse speeds

(Hastelloy C-276)

RN - BRELEE H26% H55% 20084 10R

485



54

WA - §e) - ABE - 944

3} AZS 9 Fig. 63 Zo] F3lalA Yele AL &
2 oltk. #lolA £8o] 1.4kWe} 1.2kWY &= 83
£57} 3.0m/minFH+v BELo] Erbssich
$85 FHCERE 4F 2AZ Fudstir ol
4250 BEEHE 59 £HA FARM =
Ao g $AGz o] HAP.

Hastelloy C-2763 B3t UAlz] 339 STS304
7Zel 8HGHAAE vwsltt. §4 2712 Hastelloy
C-2763% 59§ 2Aoz AFsUr STS 3049 2
7] 843 SHGH S Fig. 79 vebdct dolA &
o] 1.6kW9 &84/} 1.0m/mine s Y3 &
H FAZAY o) STS 3047} Hastelloy C-276S %
7] £33 ARG 387t 2A Jeloh Fig. 7
o] VER) A¥AAe] ZYATE 44.506x10°W/em?
o1 Fig. 69 UEMA Hastelloy C-2769 Z¥d%
E 20.343x10°W/cm?® ©]Qth. STS304E Fe-Cr-Ni
o] 397 gFogM &85} 1535TS] Fe A Eo]
FABolt} whHo] Hastelloy ¢-276& £g2%7}
1455CQ NiAdHo] 713 Ho| E3do] Ut} 452
7} Fe Bt} B2 Ni AEo] £g5o ZAgHes

AdEWA £5HAe] STS3042t} Hastelloy C-
276°] o ZA F=HAY

Hastelloy C-276< 24d 73y gqoe=z
Nickel y&S Cr, Mo, W 528 Z3lste Aoz
Crg ol AIA uiksbde]l Hojuth 1222
Hastelloy C& Cre A7kete] 94 ¥ ohJg} 4lgl
4 Ao dEiME 3 Y-S Za 9o 44
o] 7}gt slehgide] wWel &4 1 ot Iy o] ¥
5 83 YA AR S dodle Aol
At o] BAE /)X Aol Hastelloy C-2760% &
A Hastelloy C= F2AZTE 201 itk Hastelloy
C-276% 43E FdAe] SCC(stress corrosion
cracking: §8F2dg) el Zstn T, 4A 29
d7t e Aol EAoH A9 BE A9 F8717]
o so]1 it} o] FFL H Ao ¥igd o & 2
259 th2 4 =29 "o et o) 2
2 EAL A Hastelloy C-2769] #4548 &4
s 3] Fig. 8l #lo|A&gRe vAZ2AE e

Fig. 8(A)e #°lA Z¥o| 1.6kW, &&=}

%

P=1.6kW. v=0.9m/min

P=1.6kW, v=1.0m/min

P=1.6kW, v=1.1m/min

Fig. 7 Cross sectional area of welding according to variation of laser powers and traverse speeds (STS304)

Melting zone (x400)

(A) Base metal (x400)

1000 ym_ |3

Base metal (x400)

(B) Base metal (x400)

Melting zone(x400) Base metal (x400)

Fig. 8 Photographs of melting zone after butt welding

486

Journal of KWJS, Vol. 26, No. 5, October, 2008



A& Nd:YAG #olAS o463 Hastelloy C-2769 $8 54 #% A7 : 55

2.0m/ming W £FFon, (B)e d#HolA Z¥ol
1.4kW, $48457t 1.0m/mingd @e] vAzHelq.
Z4zkel A@He] LA} BAFY] 2AS WA
t}, £839 BAje AARe 4% Thga gl &
Qysie] =9 AARNN AT Ho] st
n Aoz zAo] ARsl mAY 7|BFEY TF
o)At (equiaxed grains) YATRSE ZZo] A
o} (A F EZ AWM ZAWgeZ §4
Z} W2 o] RSt EFHe £HAE A
oA F -2 A9 FX%4Z2F (cellular dendrite
structure)o] BAHAT. &% BAZHE g3t
ANZEHA HHA%S I (planer front solidification)
7} dojd & cellular solidificatione] &3, =
A 31y (constitutional supercooling)®] HAASHA

o309 i3 SEZe WA ] Hastelloy
C-276°] ¥lzA Po| ¥3 =l ge Mod 4899
o] AE A4 AAZ(cellular dendrite)® £&€
t}. H&do] 1907TS Cra 1455T2 Nioll Hl3|
Mo Zhato] @ ARo= ZEao] 2630TE AUl
Ao @ 7] fFolt} H|Fo] 7.188¢ Cri} 8.854%
Niell H1&] Mo ¥]Zo] 10.2322 H|@A Fo} Aol
gt} E=3F Mo(1.38W/em K)ol Cr(0.937W/cm K),
Ni(0.907W/cm K)Bt} gAEge] 7] W& &3
e Aldo] ThE did v waA FPdrt. Moo
We AT g thE ZAE vlg A Wzts
W 2o HAo| F7Isl ito] A Ao ¥
A deloz zrggict

=20 288748 zh= AR WA St AREHL,
£g70] e dar 257 83 UEZd 9 7R
Aoz wRarly}t a8t §98 S IS
Bz g2 WA F A8 H|Fe] dXa FH
o] A ol &ahed RADEICE 1 FolAYe
2 83 ad F1Y 397 ) ded SHE
S 4 9a F TE 94S vAsa FdaA £xst
T ke 3ol ok

glolXudle] o3 /1R £59He] EAZA R
A BA% o] doju WA e ARl FHE
AssE Wztes AR AAsid de B&Ed ¥
o] 4% UEz F444 (columnar crystal)e] ¥
AEQct onl FAZE AR Bo] FAYATE 2=
e} pAse] @Ee] MM doivim, FFEH
o) A% 2 AFAL FAHT WEAFEYL U
Aol 9 U824 (grain crystal) 22 AR BHS
HoZz3 gt £¢9Hd} 249 FARE 439 A
HoUx|e BEHUA e FRAHEN2 Jehin

K - HASET H26% F5%. 20084 10H

2 Ane sFMe gHgE PPol o|F APH
w&o] Bt} Cieslak et al.¥E ol &8 719
o8] Hastelloy C-276 £4%F9 F82%(eutectic
constituent)& p’(p-phase)® 1’3 (u-phases) &9l
282 AQE AANIAT

Fig. 99 10 2di7] €4 ¥ KS B0801FHE
AAANFF AHE ULl Fig. 92 doln &
#g 16kWE 24 ¥ $34EE 1.0m/mind
2.0m/min, 3.0m/min®2 £33 SHAIH JAFE
A& vadgct. #8557 P AL 1.0m/ming
we] QAR Est 7P Attt olsh ZE olf& deol
Aol o|4&wr} Zol QdFPo| BolAH Axe F
FVsht HgAEoe] ZAd vls] & &35 WA F
et QLo Aas7] WEeldt o IS
ge A A%eE 658MPa Bt} 110Mpa 3= &
et

Fig. 109 €442 2.0/mineE 133t #o|
A 8L 2zt 1.2kW, 1.6kWE #H3AZS o &
EQS vwg Aot} ojde AFREE T68Mpa
olm, YGHE 441.98x10%]/cm?, EHUE(I1=P/A)
£ 29.553x10%]/cm’*2 Hastelloy C-276% 2tl7]

T T T Y v T
800 4 Laser power : 1.6kW. z : Omm({foca} tength: 200mm)
~—V_'1.0m/min
7004 * V. i2.0m/min
— V,,:3.0m/min

600
500
400

300

Tensile stress(MPa)

200 4]
100

0 A . T T ¥ =
0.0 0.1 0.2 0.3 04 05 0.6 07 0.8

Longitudinal strain(e)

Fig. 9 The results of tensile stress for strain
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(a) 1 line lap welding
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(b) 2 line lap welding

Fig. 14 Cross sectional area of weld bead after lap welding
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Fig. 18 Hardness profile of cross section for
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