WS @ B - AR

(Heffy et

PWHT & U A4 R1F 7% 780 MPa #i A /& i1 #4

o BT KRIEATT - FTHEAT? - REEFAET? (oren

Welding Consumables for 780 MPa Class Steel with Excellent Notch
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Abstract

Over the past few years, the demand for larger structures like spherical tanks and pressure vessels has risen,
leading to a requirement for stronger steel and welding consumables. However, the use of post-welding heat
treatment (PWHT) to relieve welding residual stress has been known to deteriorate the notch toughness of
high-strength weld metal.

To investigate the factors contributing to this deterioration, an analysis has been conducted on the fracture
surface morphology and microstructure after impact testing of weld metal for 780 MPa class steel, with
electrodes for flux-cored arc welding as the main focus. The findings suggest that temper embrittlement and
precipitation hardening caused by carbide are the main reasons for the deterioration of notch toughness after
PWHT. Following several studies, an empirically derived component system of weld metal has been developed
to minimize the negative aspects of temper embrittlement or precipitation hardening caused by carbide after
PWHT. Utilizing these results, Kobe Steel has launched TRUSTARC™ LB-80LSR as a shield-metal arc-welding
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consumable for 780 MPa class steel, which boasts excellent notch toughness even after PWHT.

BREAX-T7-F

PWHT, 780 MPa#f, UAME @HEEE, PO LWL, ALY, AT, BT — 2 @R 779y 27 2A0D 74 Y

FANE =Y v 7 RENHFEREOREICB VT,
BT A SN B TR IS ORI R0 9E 57 R 2 B i
2, BBV (Post Weld Heat Treatment, DI
PWHT &\ 9)) S b, HLAEDI RV ¥ —FER
KITHEH fEE O RAULRL SE LI LY, #HIhS
HR MR O BRI A TV D, BT, M
AL CO, 7 >~ 27 1 & L T EN10028-6 P690QL2 12
R#E XN % PWHT T fig 2 780 MPafksisk 1141 ' 0Bl %
LR, ZOHMIE L BB HOERIEE > T
5o

— MY 72 780 MPa i Sl A H: 4R 1, PWHT #£IC U A
WP TT 5. TOERO—2L LT, HEDPWHT
BICEL L8N, WhbWAER LWL (22 TidE
129 > (P) DRFURITIC X 2V LZ EIRT 5) A%
FohsY, AT, ARPWILHETH SN, VRREE
BALICHE TH S Cr, Mol L72PWHT#ZICBIT % ik
Lo AR, BRI X 28 R D BHO—DI281F 5
nZ)B),MO

AETIE, BB -7 BEE (DT, SMAWEWY))
BXUOVF—NVHRT75y 27 AADTA4Y (LT, FCW
EV)) KXV EBRSREAERL, PWHTHOY ¥ L E

— B OWHIER I 7 ol WAL 2. T
PWHT % b U AVEATELAT 72 780 MPa ik S i 3% 45 )& D B
SEPICOWT MR L7z,
1. EBRAE

Fi 2 O 5 % A3 5 780 MPa#% 8 1 7 8 4 6L %
SMAW B X O'FCWIZ & 0 3R 1E L 720 A% Tl 4
LB HEERORSHH R 1 1SR, HUE 20 mm,
BASGAREE20°, V— b F % v 716 mm OREAIIx L T,
AEL7Z2SMAW Z it (DCEP) I CERBEHET A
EICEDVBREEAER L. T2, FY A XK
LT, ELAZFCW % ¥ — )V K4 A Ar+20%CO,
WCCERBEHET A LIV BESB 2 ER L7,

BRI ABIL, SMAW 2520k]/mm, FCW A%
13k]/mmTdH 5o SMAW TldF#, 732 HE% 95

x£1 HREHSBEORSHMH (mass%)
Table 1 Chemical composition range of weld metals investigated
in this study (mass%)
(] Si Mn Ni Cr Mo | Others

0.05-| 02- | 07- | 24- | Max. | 0.1-
0.08 0.3 2.0 5.5 0.3 0.5

Ti, B

U Bl v v —  WEERSER BN APEHUTSERT

60 R:D KOBE STEEL ENGINEERING REPORTS/Vol. 72 No. 1 (Jun. 2023)



~105C, FCW Tl PEGRE % 100~120C, 7S A Wi
% 140~160T & L 720 #ERE LWL AL R o
VAL DB R MEET 572012, WHHIZ580T 12T 2
M3 X 0°620C 12T 8 BRI 2 4/ TPWHT % i L 72,
BRI, 55 R T & ¥ v b E— R
FaOY ML, BESEOTIRMED X O U AN G-
L7ze 72, Sb&Wmmss, E&ERETEME (LT,
SEM &\ 9)), ERE®MEFHMEE (LU, STEM &
W) EHWTHEESEO I 7 oz B L 72
STEM BB O ERUZIE, L 70 HiEZR W,
BHEREICB W TRTIICREITT 5 otk o FELC
i, 3T v Ta—7E (LLF, APTH#:EWwY)) %
iz,

2. 780 MPaikiiisZ&EICH (T 5 PWHT DEE

PWHT &% 3544848 & L ¢, Larson-miller parameter
(LF, LMP W) 25HwsN b, LMPIZE (1) %
HAWTEHETE %,

LMP=T(logt+20) .................................... (1)

Z IS, TIZPWHTHE (K), (i3 PWHT FRR (h)
ThH5b

580 C 2 T 2 B B » PWHT &, LMP T17.3 x 10°,
620C 12T 8 R PWHT 1Z, LMP T187 x 10° & ¥
ZEMNTE D, 780 MPaii il B SR A & 2 1ERkH
(SMAW 3 X O'FCW) 128135 LMP & —40C WL %
VEF—DMFRERIRT, BESEIZBWT, SMAW
1Mo % 05 % F2JE, FCWIZMn % 2 %AEEEA TV S,

SMAW T, LMPO#NE & 12 LA T %,
FCW T, LMP#%17.0~180 X 10° & £\ » PWHT 414
WCBOWTULAMAMET§ 5%, LMP2%180 x 10° % # 2
5 & LA AT 5,

SMAW 2517 5 PWHT %0 U AN FIE, [HEEL
k] & [Mo % FKkE 5 2 ALY o7 skl
L] BEINEEZ SN D, FCWIZEWTLMP
A3170~180 x 10°12 513 % UAMME T IE, FITHEREL
BVEAER EEZ 5N D, LMPAY180 x 10° B2 B

- 120
2 o) O Conventional SMAW
O 100 | @ Conventional FCW
o
v
] 80
2 60 | 0O
2 [ ]
[}
T 40 |
g il
o
8 20}
<
N Y G
As- )) 16.0 17.0 180 19.0 20.0
welded

LMP (x10°3)

1 PERFIC BT B LMP & — 40T WL AL ¥ — B %
Fig.1 Relationship between LMP and absorbed energy at —40C
with conventional SMAW and FCW

5 LAMEDORER PR MEERIZOWTIE, i3 %,
2.1 ELMP%# (LMP=18.0% 10°) M Z (FCW
TOIREE)

F1LIRT RO HP T, FCW 2 Jl v T LMP §&/4t
(580°C 12T 2 B » PWHT, LMP=17.3 x 10°124124)
EBELEWLORRE BREEEOMi#ZICEH L TR
K L7 BEEEOME 2 2L E72BEOMKLMP 5
PIZBIF 5 —40C ¥ ¥ IV ¥ — = RER T O 5 E % X
21277 F, IKLMP&ETid, B 4)E O Mn 255w
EIHA—=AFF A4 MR (BLF, PAGBEW9) i
TR FEE DS e 1), EEE AR Mn YK &Ik
PERE DS/ 72 5 720

Thbb, BRLEWEO TR, BHEEREOME
ISR % PAGBIZif o 72T H 5 L Hlr s
bo I T, Mnm2s 5% 2 EH4)E % W5 I PAGBJ
BOMETLFE %2 APTETHE L, Mn & EHT3 5TH#
ERA L7z, R ETSZD 5Nz v (P) O
BT 7 7 A VERIIRT, V¥ (P) IZPAGBIZH
S TRHTL, MniIZIE U T2 OMmAT A NS % H
ZHbe Lo T, MnEBOEWEESRIZ, KLMP
FZHECBWTY v (P) LT, RAmEZ

ETsEEZOLND,
2.2 ELMPE&ME (LMP>18.0x 10°) (DEZE (FCW
TDIEEE)

VIR THEESE O SHPT, FCW %MW <TCr
& Mo xR L 7-imE4E 2 3212, BLMP &4 (620C
2T 8K PWHT, LMP=187 x 10°12HI4) o3I~
TR A L7, B EMETIC X % 3 7 iRz, &
BOFTEBIVKRLMPEALEDT, B4R T, xF
SOBREEETIE, BEOT B LI IERLMP &ML
NC, WMLMP&ATIEMHERD 3 7 v fmird (LT,
TR & V) RS,

D EIZ, SEMIZ X 2 iTmidfitso I 7 ufiifike = %
V= XM (DUF, SEM-EDX & \w9)
X0 MiERER 5 IR PWHTOHF#ICHD S
FURATH AERR S N, ARATAT IS B NI2SIRIE L T
=2 LA S, PWHT RIS IR ICHERZE L 234 L Tw
LD H B, 2T, BHEASRICH L CETHRES
BELIET (LUF, EBSD &\ 9)) 12 & B80T 2 Fhi L 720
EBSDZ & A i i X 6 (BLF, IPE&EWw9) = v 7
BIUH~Yy 72R6I1IRT, IPEF~Yy 7B X UM~ v
Tho, HRoBESEEMRTERETETE 7T b
FHARTHY, PWHT 2T 2 &128) 7254 MIKHK
b2, 22U, 7294 b ERKRT MBI, A=
T4 977254 MeRHNTIFIA L (TVF25—7
294 M) HohBIEEHBTH B,

BLMP ST, WHE FICHRTH=ZF7F1 b
DOWMPHR SN2, TOF—ZAFF 4 M, HLMP
S CHER LA — AT F A4 MR E TS
WA —AF7F A4 P ThHLEHAWEINS,

Fib L7z 5EkH (FCW) 12BWT, BLMP&METL
AMEATER ISR L 72 RN, E A —AT7F 4 b
WCERRTAEZZ 515, PWHT 240§ 258+ — 2

R=D ffi)7 848fi4% 3 /Vol. 72 No. 1 (Jun. 2023) 61



[ Intergranular fracture ]

—

2 MnEZZLSEBEOBKLMP &8 5 40T ¥ v v ¥ — R ER i o B 5

(a) ®Mn i, (b) F#Mn i, (c) K Mn =

Fig.2 Fractographs of impact test specimens containing different Mn content at low LMP condition
(a) High Mn content, (b) Middle Mn content, (c) Low Mn content
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Fig.3 Concentration profiles of phosphorus around the PAGB at low LMP condition measured by APT method
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Fig.4 Optical micrographs of weld metals (a) As-welded, (b) Low LMP condition, (c) High LMP condition
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Fig.5 SEM micrographs of weld metals and SEM-EDX analysis results of Ni
(a), (d) As-welded, (b), (d) Low LMP condition, (c), (f) High LMP condition
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Fig.6 IPF maps and phase maps obtained by EBSD
(a), (d) As-welded, (b), () Low LMP condition, (c), (f) High LMP condition (Green : Ferrite, Red : Austenite)
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Fig.7 STEM micrographs of weld metal (a) As-welded, (b) Low LMP condition, (c) High LMP condition
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Fig.8 Relationship between LMP and mechanical property of weld metals in this study
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