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Relation between Hardenability and Segregation to Austenite Grain

Boundaries of Boron Atom on Direct Quenching Process
Yoshihiko KAMADA, Hirofumi KURAYASU and Seiichi WATANABE

Synopsis:

The effect of boron (B) on hardenability is explained by the decrease of boundary energy due to the seg-
regation of B atoms to austenite grain boundaries. In this paper, the effect of niobium (Nb) on hardenabil-
ity of B treated direct quenching steel is studied with varing the condition of B segregation to austenite
boundaries. And it is clarified that the effect of B on hardenability is fully obtained even at unrecrystal-
lized state of austenite, and that the maximum hardenability in direct quenching process can be attained at
about 10 ppm soluble B which is about three times as the optimum ones of conventional reheat quenching
process. It is concluded that the addition of 0.015% Nb rather give rise to the hardenability of B even in
unrecrystallized state of austenite in direct quenching process because Nb hinders boundary migration of
austenite and enables soluble B to segregate to the grain boundaries and deformation bands.
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Fig. 1. Effect of heating temperature and
finishing temperature on mechanical properties of
direct quench and temper processed NbTiB steels
with various N content.

20 7 T T T T

(a) (b)
Bymbol | F/T(°C) Symboll H/T(°C)

—_ A | 900 @ | 1150

g ~[ O | 800 - | o 1050 -

— o 750 ® | 950 /0

— ]

z r

+ /’

(]

o 10— B —

é //“)

a

(&}

o

2

- -

<

[==]

0 25 50 75
N content (ppm)

100

Fig. 2. Relation B as (Boro-carbide + BN) and
N content in various heating temperture (H/T) and
roll finishing temperature (F/T).
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(a) 950°C (b) 1050°C (c) 1150°C : H19 (19 ppm N)
(d) 950°C (e) 1050°C (f) 1150°C : H20 (48 ppm N)

Photo. 1. Change in B compounds with heating
temperature in direct quenched NbTiB steels.
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Photo. 2. Change in optical microstructure with

roll finishing temperature
NbTiB steels.
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Fig. 3. Effect of finishing temperature on tensile
streagth of direct quenched NbTiB and TiB steels.
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Fig. 4. Effect of Nb addition on tensile strength
of direct quenched NbTiB and NbTi steels.

(a) 900°C (b) 800°C (c) 750°C : NbTiB (H19)
(d) 900°C (e) 800°C (f) 750°C : TiB (H48)

Photo. 3. Change in distribution of B atoms with

roll finishing temperature in direct quenched

NbTiB and TiB steels.
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Fig. 5. Difference in softening behaviour of

NbTiB, TiB steel with deformation temperature.
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Fig. 6. Holding time dependency of hardness of
NbTiB and NbTi steels quenched into liquid He
after hot deformation comparing each softening be-
haviour.
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Fig. 7. Effect of heating temperature on tensile
strength of direct quenched NbTiB and TiB steels.
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Photo. 4. Change indistribution of B atoms with
heating temperature in direct quenched NbTiB
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Photo. 5. Extration replica of BN precipitate at
prior austenite grain boundary of direct quenched

NbTiB steel which is heated at 1150°C.
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Fig. 8. Segregation models of boron atoms to au-
stenite grain boundary in direct quenching process.
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Fig. 9. Calculated 7 grain growth rate and diffu-
sion distance of boron atoms.
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Fig. 10. Effect of Sol. B on tensile strength of
direct quenched NbTiB steels.
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Fig. 11. Effect of Cal. Sol. B on tensile strength
of direct quenched TiB steels.
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Fig. 12. Schematic distribution of boron atoms in
direct quenched NbTiB steels at various finishing
temperature.
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