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Influence of Ti and N on Strength and Toughness of 780MPa
Class Steels and Their Simulated HAZ Toughness

Toshiei Hasecawa and Yukio Tomira

Synopsis

. Influence of Ti and N on strength and toughness of base plate and HAZ in 780MPa class steels with ultra-heavy

thickness of over 150mm was examined using a thermal-cycle simulator.

(1) Relationship between Ti content and mechanical properties of the base plate under as-quenched condition varies
depending on N content. While, toughness of medium-N steels (N=40ppm) is improved by adding Ti due to
microstructural change, toughness of low-N steels (N =20ppm) deteriorates with increasing Ti content due to precipita-

tion hardening by TiC.

(2) Influence of Tiand N on simulated HAZ toughness-is more significant for double cycle condition than that for single
cycle. Tiaddition gives remarkable improvement in simulated HAZ toughness of the medium-N steels for double cycle
condition. On the other hand, simulated HAZ toughness of the low-N steels deteriorates with increasing Ti content.
The governing factors of the simulated HAZ toughness in double-cycle condition are the same as those of the toughness

of base plate.

(3) It is concluded that the low-N steel without Ti addition and medium-N steels with Ti addition of 0.005~0.01%
attain both high simulated HAZ toughness and high strength and toughness of base plate.
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Table 1. Chemical compositions of

steels tested. (mass?%, *ppm)

steel| C Si Mn Ni Cu Cr MoV 11 Al B* N°
A1]0.080.13 1.43 1.94 0.79 0.61 0.48 0.03 0.002 0.047 13 21
A2 10.08 0.13 1.45 1.94 0.79 0.60 0.48 0.03 0.007 0.047 13 23
A3 (0.08 0.12 1.43 1.98 0.79 0.61 0.48 0.03 0.011 0.044 13 26
B 1 (0.080.12 1.24 1.99 0.79 0.62 0.49 0.03 <0.002 0.041 11 36
B2 0.08 0.12 1.23 2.00 0.79 0.51 0.49 0.03 0.006 0.042 11 39
B3 /0.090.121.21 2.05 0.79 0.62 0.49 0.03 0.011 0.043 12 38
(P,S<0.003mass%)
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Fig. 1. Tensile properties of base plate. (Quenching
temperature =930°C)
(a)as Q (b)after tempering

Fig. 2. Optical microstructures of base plate for
as-quenched condition. (Quenching tempera-
ture=930°C)

(a)Steel A1(0Ti-21N) (b)Steel A2(0.007Ti-
23N) (c)Steel A3(0.011Ti-26N)
(d)Steel B1(0Ti-36N) (e)Steel B2(0.006Ti-
39N) (f)Steel B3(0.011Ti-39N)
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Fig. 4. Influence of Ti and N content on simulated
HAZ toughness and hardness.
(a)single cycle (b)double cycle
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Fig. 5. Optical microstructures of simulated HAZ
with double cycle.
(a)Steel A1(0Ti-21N) (b)Steel A2(0.007Ti-
23N) (c)Steel A3(0.011Ti-26N)
(d)Steel B1(0Ti-36N) (e)Steel B2(0.006Ti-
39N) (f)Steel B3(0.011Ti-39N)
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Fig. 6. Relationship between FATT of base plate
with tempering and simulated HAZ tough-
ness.
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Fig. 7. Distribution of boron in base plate. (Quench-
ing temperature=930°C)
(a)Steel B1(0Ti-36N) (b)Steel B3(0.011Ti-39N)
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Fig. 8. Influence of precipitates on change in tensile
properties and toughness of base plate.
(Quenching temperature =930°C)
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Fig. 9. Distribution of boron in simulated HAZ
microstructures with double cycle.
(a)Steel A1(0Ti-21N) (b)Steel A3(0.011Ti-26N)
(c)Steel B1(0Ti-36N) (d)Steel B3(0.011Ti-39N)
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