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Super High HAZ Toughness Technology with Fine Microstructure Imparted by Fine Particles
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Abstract

In order to produce high HAZ toughness steel plates with tensile strength of 490M Pa or 590M Pa
class, the innovative technology for HAZ microstructure refinement, HTUFF®, has been developed.
Finedispersion of oxidesand/or sulfidesin steel hasbeen tried toretard y grain growth in theHAZ near
aweld fusion line. It has been discovered that very small oxides and/or sulfides with sizes of several
10nm to several 100nm can be dispersed in steel by the appropriate addition of Mg and/or Cainto steel.
Utilizing thesefine particles containing Mg or Ca, the strong pinning technology toretardy grain growth
in aHAZ hasbeen commercially established. Based on the concept of HTUFF providing excellent HAZ

toughness, high-performance structural steel plates have been mass-produced.

1. 00000

gooooooooooooooooboboooooooooooo
ooooooooooooooooboboboooooooooo
gooooooooooooooboooboboboooooooooo
goooooooooooooooooooDDo4ood 590MPall
ooooooooooooooooboboboooooooooo
gooooooooooooooboooboboboooooooooo
gooooooooooooooooboboooooooooooo
ooooooooooooooooboboboooooooooo
0000000000000 DI Heat Affected Zoned HAZTI 0 O
gooooooooooboooooooooo

O000HAZOOOOODOOOODOOODOOTINDODDODDOODO
O000O0TiINDOOOOOOOOOOooOOoYwOooOoooooooo
gooooooooooooooooboboooooooooooo
00x®¥00000000000000000000HAZOOOOO

gobooboooboobboooboobboobobOoobbOHAZ
gobo0obo0ooboobooooboooboHAZDODOODOOO
goooooooo

00000 omoooooooooooooooonAzZODO
0000 HTUFF® O 0 O O 0O O3 Super High HAZ Toughness Tech-
nology with Fine Microstructure Imparted by Fine Particles” 0 0 0 0 O
gooobooboobbooboboooboooboooboobooboobogoo
0000o0o00o0ooooOoTINOOODDODOOoOooooooon
O000DHAZOODOOOOODOOOOOOOOO4OHTURFO OO
goooboobooboboobobooboooboooboobooboobogoo
0000000HAZOOOODODODOOOODoOOoooooooosLsg
Joo00oooO00ooO00bbO00bOdHTURFD D OOODOOO0O
goboobooobobo0obUOb0OdTUFFODDOODOODOOOO
0000000 0OHTUFFO OO DOOODODOO0Oobboooboogoo
gooo0o00o0ob0ob0obOobOooOoboobooooooo

D gpo0oo0oooooooooooooD

O 0000000020-10 0293-8511 O TEL:(0439)80-2221

W gpo0o0o0ooOo0oo0o0oOo0ooDOo0ooooooOnD
W JpoUOoo0ooOooOooooOoooo

W JoUoooooooooo

WS JoUooooooooOoooo
Wl JoUoo0oOoooo0ooooooo
mWm go0o0oooooooooooooo
Wl Jo0o0ooooooooooooo



0000000HAZODDOOODOD HTUFF"OOO

2. HAZzOOOOOOOO

21 ODO0OO0OHAZOOOOOOO
gooobooooobood490059MPal 00 OO0 OOOHAZOO
l40000000000DOOO0O00ODOO0O0ODODO0OODODOOOODO
Oy Mooobooboobooobooboboooooooog
goodoobooHAZOOOODOOOOOOoDooooooooo
00000y 000000000 O0DDOOOODO O Grain Boundary
Ferritet0 GBFLD OO OO0 000 OO OO O Ferrite Side PlateC) FSPO
godb0ooooboooDooobo0oboboboooGBrFORSPOOO
goooooo490059MPal 00 0D0O0O0ODOOODOODOO
gooboooooboobooboboobouoboobooooo
gogOod4omMPal 000 00O0ODOODOODODODODOOHAZO
gooo0oobooo00oooo0oboO0o0oobob0oO0nO1op mgd
gooceBrO 00O 0OO0OD0OOobDOoobOoobbooboooog
gooobooboOobooOoboOoeGBFOOODOOUODOODOO
goooboo0oGBFOOODOOO0ODOOODOOODDOOUODOODOO
gooooooowooooooorSPOOOOOOOOOOOO
gooooooobooboboogoo
Jo0000Oy 00000000 O0DO00DO0O0DODO0O0ODO0OHAZ
goobooooooooooooo

22 ODO0OD0O0OHAZODODODOOy OoooooO
Jo00b0O0000OGBRORSPOOODODODODODOODODOY DDOO
000000000y OoOoooOoUoOooOoOOoOoOooDOo®wooo
OO0y OOoOOoO0obOOooDOooooOoboGeBFORSPODOOOODOOO
dooooopoooooooooDooolokmmioonoonO
0 0 00O J Submerged Arc Weldingdd SAWL 70k)/mmO 00000
00 0 0O Electroslag Welding ESWI 0 O O O 490MPal] 0 O O

goOd4ooMPal 00000000000 ODOOOOOOOHAZODO
Joo0odooooooogoooog

Microstructure near crack initiation site in HAZ near weld fusion line of

electrogas arc welded joint of 490MPa class steel
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Influence of y grain size on toughness and coarse microstructure

size in simulated HAZ of 490MPa class steel corresponding to high

heat input welding

5 o

O by grain size : approx. 400y m

000 10kJ/mmO SAWO 0O 0 0O 0490MPall 0 0 O OHAZO O
Simulated HAZ microstructure of 490MPa class steel corresponding to SAW with 10kJ/mm
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(b) IGF steel

(a) TiN steel

(¢) HTUFF steel
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Concept of HAZ microstructure control in HTUFF
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Examples of pinning particles in HTUFF steel
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Comparison of y grain growth behavior between HTUFF steel and

TiN steel simulating HAZ near weld fusion line
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Chemical composition and thickness of developed 590MPa steel plates for box columns

Chemical compositiohl mass %[ [] Thickness
C Si Mn P S Others HTUFF Ceq Pcm O mmQO
0.10 0.16  1.56 0.006 0.002 Cu,Ni,Nb,V,Ti treated 0.39 0.23 60, 80

Ceq=C+Si/24+Mn/6+Ni/40+Cr/5+Mo/4+V//14
Pcm =C+Si/30#] Mn+Cu+Cr[120+Ni/60+Mo/15+V/10+5B
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Welding condition of developed 590MPa steel plates for box columns

Welding method ~ Welding pass ~ Welding heat input ~ Joint geometry ~ Skin plate  Diaphragm
ESW Single pass 87kJ/mm T joint 80mm 60mm
WM FL HAZ
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Comparison of HAZ microstructure in ESW joints between developed steel and conventional TiN steel
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