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Influence of Heat Treatment on Formation Behavior of Boron Nitride Inclusions in P122 Heat Resistant Steel

Kazuyuki SAKURAYA, Hirokazu OKADA and Fujio ABE

Synopsis

: To clarify the behavior of the formation of boron nitrides in P122 heat resistant steel containing 0.003 mass% B and 0.06 mass% N, the influ-

ence of heat treatments, remelting and hot working were investigated by SEM observations on boron nitrides at the fractured surfaces of the

steel samples and by the EDS analysis.

Boron nitrides start to precipitate at temperatures between 1150 and 1200°C during the cooling process after hot forging or rolling. They

agglomerate to a very large size of about 20 to 30 um at a very slow cooling rate of 100°C/h. However, they only grow to | to 3 ym at a

medium slow cooling rate and never precipitate at a very fast cooling rate such as in water quenching. The precipitation behavior of boron ni-

trides has also been found to be affected by the cooling rate after normalizing but not by the microstructure of the steel resulting from casting

or forging.

Key words : boron; born nitride; inclusion; P122 heat resistant steel; high Cr ferritic steel; heat treatment.
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Table 1. Chemical analysis of P122 steels used. (mass%)

P122 i B4 0> BN R TEM O 48R 812 B E 3 BB O 8

C | Si | Mn P S Cu | Ni Cr [Mo| W N Nb B Al N
steefA | 0.1 026 | 065 [002 |000 | 074 (040 | 1103 | 0.2 1.95 | 020 | 0.07 [ 0.0030 | 0.00 | 0.06
steel B | 0.1 0.30 | 060 | 0.01 000 [085 | 032 | 1065 |03 | 189 | 019 |0.05 | 00029 | 0.00 | 0.05
steel C | 0.1 0.30 | 060 | 0.01 000 |[086 | 036 | 1065 | 0.3 187 | 019 | 0.05 | 0.0024 | 0.00 | 0.05
steel D | 0.1 027 | 059 | 0.01 000 [082 | 033 | 1210 |03 1.82 | 019 | 0.06 | 0.0030 | 0.01 0.06

Table 2. Heat treatments of P122 steels.

normalizing tempering
steel A | 1050°Cx60min, A.C. | 780°Cx360min. A.C.
steel B 1050°Cx60min, A.C. | 770°Cx360min. A.C.
steel C | 1050°Cx60min, A.C. | 770°Cx360min. A.C.
steel D | 1050°Cx60min, A.C. | 790°Cx180min, A.C.
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Fig. 1. SEM images of boron nitride type inclusions ob-
served at fractured surface of the steel A and its
EDS analysis. (a) Fractured surface, (b) distribu-
tion of BN inclusions, (¢) boron nitride type inclu-

sions.
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Fig. 2. Heat treatment pattern of steel A. (a) Dissolution of
boron nitride, (b) holding austenizing temperature
after dissolution of boron nitride, (c¢) heat treatment
(b) and tempering after dissolution of boron ni-
tride, (d) tempering after dissolution of boron ni-
tride.
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Fig. 3. Difference of the formation of coarse size boron nitride inclusions under various heat treatments. (a) Dissolution of boron
nitride, (b) holding austenizing temperature after dissolution of boron nitride, (c) heat treatment (b) and tempering after
dissolution boron nitride, (d) tempering after dissolution boron nitride.
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Fig. 4. SEM images and EDS analysis of boron nitride type inclusions at various temperatures at slow cooling heat treatment
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Fig. 5. Influence of cooling rates on the precipitating behavior of boron nitride type inclusions. (a), (bl) and (c1) distribution of
inclusions. (b2) and (c2) agglomerated boron nitride type inclusions.
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Fig. 7. Difference of the formation of boron nitride type inclusions in steel A under the various cooling rates and hot working after
remelting.
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Fig. 8. Difference of formation behavior of boron nitride type inclusions in steel B between vertical and parallel direction against
hot working direction.
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Fig. 11. Schematic diagram of boron nitride formation be-

haviors in P122 steel under various heat treat-
ments.
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