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BN Type Inclusions Formed in High Cr Ferritic Heat Resistant Steel

Kazuyuki SAKURAYA, Hirokazu OkaDA and Fujio ABE

Synopsis : In order to make clear the formation and re-dissolution behavior of boron nitrides in high Cr ferritic heat resistant steels during heat treatment
at high temperature, SEM observations of the fractured steel rod samples were carried out. A large number of coarse size BN type inclusions
grown to 2 to 5 um were distributed at bottom of dimples.

During annealing at 1150°C, coarse size BN type inclusions were not dissolved, but at 1200°C coarse size BN type inclusions had a ten-
dency to dissolve reducing its particle size with time and all BN type inclusions were re-dissolved completely in a short time at 1250°C.

From the chemical analysis of boron and nitrogen in several high Cr heat resistant steels and SEM observations of its fractured samples, it
was found that the critical boron and nitrogen concentration for formation of coarse size BN type inclusions are 0.001% B and 0.015% N,
and the equation related [%B] and [%N] is represented as log[%B]= —2.45 log[%N]—6.81.
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Table 1. Chemical composition of heat resistant steel (M1) examined.

(mass%)
[
C Si | Mn P S Cr | W | Co| Mo \Y% Nb | solAl| O N B
‘LO‘UO4 0.2910.48 | <0.002 | <0.001 | 9.04 | 3.02 | 3.01 | <0.01 | 0.21 | 0.060 | 0.007 | 0.004 | 0.048 | 0.0071
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Table 2. Chemical composition of P92 and P122 heat resistant steel and heat treatment.

(mass%)
C Si Mn P S Cr w Mo Cu Ni A% Nb Al N ‘ B
P92 0.093 {0.16 |046 |0.010 [0.001 {880 (185 |042 |003 |0.15 [021 {0.06 |<0.002]|0.0489 l 0.0009
P122 | 0.14 026 |0.65 |0.020 |0.001 |11.03 |195 |029 {074 [040 {020 |0.07 |0.008 |0.064 1 0.0030
normalizing tempering
P92 1060C X1h—A.C. 770C X2h —A.C.
P122 | 1050CX1h—A.C. 780C X6h—A.C.
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SEM image of inclusions observed at the fractured section of M1 steel sample. (a) Fractured section, (b) distribution of in-

LBl BOELER B 720 & RINBAEDRILLE
‘(?%L“(L\Zo/)\g&éf:&), NA0.05% T, B4 0.0001 75
0.018% DIBEFMD 9% Cr 7 = 7 1 bR ELHHEKEHZ DV
T total B & sol. BOILE5 T % 1T - 7=, total BiZ JISTEMIC
k. £/, sol.BlE, $HE 10mL, B 10mL, V) v
() SmLTiHB 1 ghBEMR L, WELAHL T, A
EEhABESHIL,

3. KERiER

3.1 BNEREAEVDOEHE

ﬁgluwlﬁmmmmmwﬁ%mﬁ¢;/hbtownmw
Wy U725 ¢, AEMEHETH B, (b)) EO 5 AIkE
?.ikh&mn&W#74/7»®ﬁ@éni74/7
LABEIZAFEL TS, (3ol ER L8 D
THD, 1000F5HE T, & HEEFHC 10MEFED 1~5 um
DI EMHEEE N, EDSHNDHER» S, 20550
0% FEE A BNR I HEY . 2OMMIE 7L I FRITEHT




BCr7 =74 b RIEEIZ AT 5 BN R AT

Fe
“W‘ Wdlucgmidug, ol s A

Cr

s

keV 8

0 2 4 6

10

t%
. . B w42
v inclusion 3 N5t
Cr 1
B\A Fe 6
{|
Fe
y ]\ Fe
1 cr Al
. Myt Ao ot " ;
0 2 4 6 key 8 10
Al . .
inclusion 5
|

: ‘\
il

L Cr

Fe

0

2 4

6 kev 8

Fig. 3. Inclusions in M1 steel and its EDS analyses.
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Fig. 4. Inclusions observed in the commercial heat resistant steels and its EDS analyses.

Fig. 5. SEM image of inclusions observed at the fractured section of M1 steel sample after heat treatment (1200°CX1h, W.Q.).
(a) Fractured section, (b) distribution of inclusions, (c¢) inclusions.
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Fig. 6. Inclusions in M1 steel after heat treatment and these EDS analyses.
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Fig. 7. Disappearance behavior of coarse size BN inclu-
sions after various heat treatments.
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Fig. 9. Relation between total B and sol. B in 9% Cr steel.
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Fig. 10. Critical concentration of boron and nitrogen for
formation of coarse size BN type inclusions.
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Fig. 11. Relation between boron and nitrogen concentra-
tion for formation of coarse size BN inclusions at
high Cr ferritic heat resistant steels.
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