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Effects of Boron and Nitrogen on Fracture Toughness of Boron-
treated 0.35%C Steels Tempered at Low Temperature

Kohichi SUGIMOTO, Tsuneaki SAKAKI, Ohmi MIYAGAWA, ane Takashi HORIE

Synopsis :

Effects of boron, nitrogen, and controlling factors on fracture toughness K¢ of boron-treated 0.352,C

steels tempered at low temperature were investigated.

1) Kjc linearly increased with a value of $=34.0 B-13.3N, where B and N are boron and nitrogen
contents (wtppm), respectively. Aluminium content gave little effect on Kjc.

2) Concentratians of boron and nitrogen in solution in austenite in equilibrium with BN and Fe,B
were calculated from solubility products in the iron-boron-nitrogen systems.

3) High content or concentration in solution of boron resulted in higher Kjc because of suppression

of both decohesion at inclusion-matrix interface and intergranular fracture.

Quasi-cleavage like cracks

were observed in steels having high content or concentration in solution of nitrogen, and Kz was
reduced. However, effect of nitrogen on Kjc was less than that of boron.
4) Optimum amounts of boron and nitrogen required for high Kz were found from the iron-boron-

nitrogen equilibrium phase diagram.
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Table 1. Chemical composition of steels used.
(wt%)
Steel ¢ S Mn P S Ti B N Al
5B 0,37 0,32 101 0,008 0,005 0,029 0.0005 0, 0095 (0, 034
1B 0,37 0,32 1L00 0,007 0,005 (0,023 0.0011 0, 0002 0,03
208 0.37 0,32 0,98 0,007 0,005 0,079 00,0020 (,0112 0,017
391 0,35 0,32 101 0,008 0,005 (0032 0, 0039 0, 00486 0, 057
12B-LA 0,35 0,23 0,97 0,020 0,012 0,020 0.0012 0,0070 0,010
9B LN 0.:35 0.26 0,81 0,017 0,010 0,021 0, 0009 0, 029 0, 020
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Fig. 1. Round-bar tensile specimen (a), single-
edge fatigue precracked bend specimen (b). a is
the depth of the precrack.
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(a) 11B after Ist H.T.
(b) 39B after Ist H.T.
(c) 11B after 2nd H.T.
(d) 39B after 2nd H.T.
Photo. 1. Distribution of borides in 11B steel

(a), (c¢) and 39B steel (b), (d).
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Photo. 2. Electron micrograph of BN extracted
from fracture surface of bend specimen of 20B
steel.
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Fig. 2. Effect of B content on tensile properties
of 5B~39B steels. ¢, , :0.29 proof stress, op :

0-2 °
tensile strength, ¢ : rupture elongation, ¢, : uniform

elongation, and ¢ : true fracture strain.
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Fig. 4. Load-clip gauge displacement curves of
fatigue precracked specimens of 5B~39B steels.
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Fig. 5. Effect of B content on fracture
toughness Kjc.
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Fig. 6. Effect of N content on fracture
toughness K.
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Photo. 3. ScanningTelectron micrographs of fracture surface adjacent to fatigue precrack in
the bend specimens of 5B(a), 11B(b), 20B(c), 39B(d), 12B-LA(e), and 9B-LN(f).
Arrows indicate the dimples of quasi-clevage type.
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Steel 5B 1B 20B 398 1213 LA 9RB-LN
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N 0,001 0,.0010 0,007 0,000°7  0.0012 0.0
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B] 0. 00012 000039 0,00018 0, 00030 0.00039 0. 00039
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Photo. 4. Optical micrograph showing a crack
adjacent to fatigue precrack of the bend specimen
subjected up to maximum load. Arrow indicates
the direction of crack propagation.
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Fig. 8. Equilibrium phase diagrams of Fe-B-N
systems at 850 to 1000°C. Solid marks indicate
B and N contents, open marks designate [ B ] and
[ N1 concentrations.
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Fig. 9. Effects of quenching temperatures on K¢
of 11B and 39B steels. Numerals in this figure
indicate [ B] and [N] concentrations at quench-
ing temperature.
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Photo. 5. Optical micrograph showing voids initi-
ated at MnS-TiN interface(a ), decohesion at TiN-
matrix interface(b), and non-decohesion at TiN-
matrix interface(c).
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Fig. 10. Effects of B content on ¢, ¢%, or e§.
ex or e} indicates true plastic strain at which
MnS-matrix or TiN-matrix interface decohered
respectively. e¢f is true plastic strain at which
TiN particles cracked. Cracking of TiN was ob-
served only in 39B steel.
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