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Effects of Nitrogen on the Microstructure and Toughness of HAZ in Ti-Containing Steel

Byong-Chul Kim* and Kook-Soo Bang*

*Division of Materials Science and Engineering, PKNU, Pusan 608-739, Korea

Abstract

Variation of HAZ toughness of Ti-containing steel with nitrogen content was investigated and interpreted in terms of
its microstructure and the amount of soluble nitrogen present. The amounts of Ti and Al combined in TiN and AIN,
respectively, in HAZ at 1400°C peak temperature were less than those in base plate; 55~88% in TiN and 21~28% in
AlN, indicating the dissolution of nitrides in HAZ. The calculated amounts of soluble nitrogen using the
thermodynamic analysis showed a good agreement with the measured values in other experiment. Therefore, the
analysis can be used to estimate the amount of soluble nitrogen in HAZ. Simulated HAZ toughness was influenced not
only by its microstructure but also by the amount of soluble nitrogen present after the formation of BN during the
cooling cycle of welding. It showed maximum value when the nitrogen content is in stoichiometric ratio with titanium
content, showing that soluble nitrogen in HAZ is detrimental to its toughness.
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Table 1 Chemical composition and mechanica} properties of steels
Chemical composition (wt. %) Mechanical properties
Steel TS Hy vE-20
M Al Ti B N

© n : (MPa) | (lke) | )
A 0.11 1.49 0.031 0.013 0.0002 | 0.0030 500 174 130
B 0.11 1.51 0.044 0.015 0.0005 | 0.0100 511 177 109
C 0.12 1.53 0.045 0.016 0.0011 | 0.0140 510 172 113
El 0.09 1.51 0.035 0.015 0.0005 | 0.0200 512 174 115
E2 0.09 1.51 0.042 0.015 0.0004 | 0.0240 507 175 120
E3 0.09 1.50 0.041 0.011 - 0.0140 512 179 104
E4 0.10 1.51 0.018 0.009 - 0.0046 500 165 141
E5 0.10 1.47 0.027 0.009 - 0.0100 504 171 140
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Fig. 2 Typical STEM micrograph and EDX analyses
of precipitate particles in the base plate
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Table 2 Amounts of Ti and Al in the extracted precipitate residue of base plate and HAZ with

various peak temperature

Ti (wt.%) Al (wt.%)
Steel HAZ HAZ
Plate Plate
1100¢C 1350C 1400C 1100C 1350C 1400°C
A 0.0130 | 0.0130 | 0.0090 | 0.0072 | 0.0036 | 0.0030 | 0.0015 | 0.0010
B 0.0150 | 0.0150 | 0.0130 | 0.0130 | 0.0160 | 0.0130 | 0.0048 | 0.0036
C 0.0160 | 0.0160 | 0.0150 | 0.0140 | 0.0170 | 0.0160 | 0.0054 | 0.0035
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Table 3 Amounts of calculated soluble nitrogen at
1350C and 1400C peak temperatures

(wt.%)

Steel 1350C 1400C
A 0.000935 0.001438
B 0.005895 0.006144
C 0.009499 0.009661

El 0.015723 0.015823
E2 0.019702 0.019783
E3 0.010936 0.011078
E4 0.002595 0.003032
E5 0.007585 0.007785
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Fig. 3 Variation of the calculated amount of soluble
N in HAZ as a function of N content in steel
(Tp 13507)
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Fig. 4 Variation of the calculated amount of TiN in
HAZ as a function of N content in steel
(Tp 13507C)
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Fig. 5 Optical microstructure of simulated HAZ of
all experimental steels (Tp 13507C)
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Table 4 Impact absorbed energy of HAZ at -20C
with various peak temperatures (J)

Steel 1400C 1350TC 1100C
A 157.4 153.4 191.6
B 104.1 156.2 175.8
C 129.8 124.3 168.1
El 64.8 88.4 -
E2 37.7 50.6 -
E3 73.3 108.4 -
E4 129.3 150.1 -
E5 92.0 124.6 -
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Fig. 6 STEM micrograph and electron diffraction ring
patterns of BN precipitate in simulated HAZ
of Steel C
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