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Abstract

Nippon Steel & Sumitomo Metal Corporation has developed TiO steels with excellent HAZ
toughness and applied them to offshore structures, line pipes and so on. There are two important
points. One is Ti oxides have high ability as nucleation site for IGF. The other is Mn concentration
control refines transformed microstructures on austenite grain boundaries. In this paper, we report
the IGF transformation mechanism of Ti oxides and the suppression mechanism on grain boundary
transformation by Mn concentration control as the refinement mechanism of HAZ microstructures

on TiO steels.
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Heat treatment to simulate HAZ
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STEM-EDS elemental mapping around a non-metallic

inclusion of nucleation site for IGF 2223
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Bright field TEM image of a non-metallic inclusion of

nucleation site for IGF and Mn concentration profile by

EDS point analysis 22 23
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(a) Fe-0.06C-1.92Mn-0.001AI-0.01Ti, (b) Fe-0.06C-1.60Mn-
0.41Cu-0.39Ni-0.01AI-0.01Ti mass% '®
HAZ microstructures of the same carbon equivalent steels
with composition of a) Fe-0.06C-1.92Mn-0.001AI-0.01Ti
and b) Fe-0.06C-1.60Mn-0.41Cu-0.39Ni-0.01AI-0.01Ti
mass% '®

Austenization condition

1%Mn steel :1473 Kx 100 s

1%Ni steel :1473 Kx 400 s
(Average grain size ~400 um)

1173 Kx 30 min

983 Kx5-30s

Water Quenching

Nucleation behavior

Segregation analysis
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Heat treatment to investigate segregation and nucleation
behaviors
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2.5%107

° o0 1% Ni steel

1.5%107 -

1.0X107 - A

A 1% Mn steel
0.5x107

Ferrite particle density / m?2

10 20 30 40

Holding time / sec

7 774 MNEOEREE
Ferrite particle densities

oH g & # W 40075 (2014)

— 112 —

FEAVN S WEIANZH D, 19%Mn Sl )5 A5G A AR A3/ &
WZ AR E N,

X8 ILIH y ki F & B HLE STEM i CTEBIZR L7261 Tdh %,
TNVT A NDOTAMBO S IDSIH y KR TRE L
o TWBEIEPMRTE D, IHy R FTEE 2 ST E
T Y- LBEIEEZEZ D5, EDSICTERSITZ1T-
720 BQIZIH y RIFLEEED Mn, Ni ZILENDIEEE A7 %
Ao IHy RFIZB VT Mn, Ni & bIZBILL Tw7z7s,
Mn O AYREHTEIT K E Ve Hillert HOETIL 2 [2HD N
TH AT ANF—OZ N ELAFET AL, Mn O DMEHT
BAKEL, FATANVF-DETEDKEV,

Doz 25, Mn @A NI & 0 A kIR R 2

[ 500 nm
h«M'L -
X8

F&iﬁs’fgnite grain boundary

3

By R FDOERE STEM &
STEM image of the prior austenite grain boundary

@ 55 .
°\4§ 3.0 4‘
T 25 |
£ gt 1
. N@M%
H Al
w 3 2 41 0 1 2 3
Position / nm
® 5o :
L |
g 10 ‘ﬁﬁ}% %mf%%% l[ %%ﬂHﬁ#
§ 0.5 '
° 3 2 -1 0 1 2 3
Position / nm
9 Ay RO Mn, NiEEATH

Concentration profile of Mn and Ni on prior austenite grain
boundary
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