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Effect of B on the Behavior of Austenite Formation and Recrystallization in High Cr Ferritic Heat Resistant Steel

Tsukasa AZUMA, Kazuhiro MiK1, Yasuhiko TANAKA and Tohru ISHIGURO

Synopsis

: By using 10CrMoVNbWCoBN steel which developed for steam turbine rotor material, the effect of the boron addition on y grain behavior at

approximately the quenching temperature during the heating austenitizing temperature was investigated. During the heating austenitizing

temperature, at first ¥ phase is formed after o/y transformation, and then granular grains are formed by the recrystallization process through

the high dislocation density as driving force. The temperature of completing the recrystallization is 1025°C in boron free steel, and is 1075°C

in 90 ppm boron containing steel. It shifts to the high temperature side by containing boron. From the microstructural observation, it was con-

firmed that the solid solution temperature of M23C6 and (Nb,V)C shifts to 50°C high temperature side by containing the boron, therefore,

the recrystallization temperature also shifts to the 50°C high temperature side. In order to increase the creep strength of the boron containing

steel, it was indicated that the quenching from higher temperature was important for dissolving the precipitates. If the similar effect is ob-

tained in the martensite, it is estimated that the addition of boron contributes to the creep strengthening by increasing high-temperature long

term stability of the carbonitride of Nb and/or V.

Key words : heat resistant steel; high Cr steel; rotor; boron; recrystallization; grain growth; M23C6; NbC; VC; transformation; high temperature stability.
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Table 1. Chemical composition of laboratory heats.
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(mass%)

Steel C Si_ Mn P S Ni_ Cr

Mo

V. Nb W Co B N Ay A

A 0.11 0.04 0.08

0.009 0.002 0.20 10.3 0.70 0.20 0.06 1.8 3.0 <0.001 0.0177 810

911

B 0.11 0.03 0.08

0.009 0.003 0.21 10.2 0.70 0.20 0.06 1.8 3.0 0.009 0.0200 807
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Fig. 1. Heat treatment condition after forging.
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Fig. 2. Optical microscopic observation of o/y transformation and recrystallization behavior in B free steel.
a) T=800°C, b) T=900°C, c¢) T=950°C, d) T=1000°C, e¢) T=1025°C, f) T=1050°C, g) T=1075°C, h) T=1100°C.
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Fig. 3. Optical microscopic observation of ¢/y transformation and recrystallization behavior in 90 ppm B steel.
a) T=800°C, b} T=900°C, c) T7=950°C, d) T=1000°C, ¢) T=1025°C, f) T=1050°C, g) T=1075°C, h) T=1100°C.
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Fig. 4. Effect of B on the o/y transformation structure at austenitizing temperature.

» -»
a ’ b 7
) Y
. “‘ » *
* - B
- . - Gyl K
T v e
4 > . -
- -t 4 s »
. § ,_-;-. s 3
- - P) . .
. ) -
3 ) F o
. % ¥ R L
] ,
» . %
-
. - “ 14
. : 4 . " L ]
. - . N -
c) . d) RIS o
e 1
] .

4%

Fig. 5. Effect of B on solution behavior of precipitates.
a) 7=1000°C (B free steel), b) 7=1000°C (90 ppm B steel), ¢) 7=1050°C (B free steel),
d) 7=1050°C (90 ppm B steel), e) 7=1100°C (B free steel), f) 7=1100°C (90 ppm B steel).
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Fig. 6. Analysis of the precipitate quenching from 1100°C in 90 ppm B steel.
a) bright field image, b) SAD pattern (beam direction=[112],), ¢) EDS analysis.
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