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Effect of VN Precipitates on Formation of Grain Boundary and Intragranular Ferrite in
a High N-V Bearing Steel

Akio OHMORI, Kenji O1, Fumimaru KAWABATA and Keniti AMANO

Synopsis :

The enhancement of ferrite nucleation owing to vanadium nitride (VN) precipitated in the austenite phase was studied for a 0.14%C-
1.45%Mn—0.06%V—0.009%N steel and the isothermal ferrite transformation behavior associated with VN precipitation was also quantita-
tively discussed.

Vanadium nitrides precipitate on the austenite grain boundary in preference to the grain interior and increase the density of grain boundary
ferrites. On the other hand, VN precipitates in austenite grain interior are less effective to intragranular ferrite nucleation. The calculation
based on the classical nucleation theory shows that the activation energy of VN precipitates for a critical ferrite nucleus formation is one-fifth

lower than that in case of no precipitate. The ferrite nucleation potency of VN precipitates is kept high even in higher temperature range

above 700°C.

Key words : inclusion metallurgy; vanadium nitride; precipitation; phase transformation: nucleation rate; grain boundary ferrite; intragranular ferrite.
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Table 1. Chemical compositions of the steels examined

(mass%).

C Si  Mn S \ N
HN 0.14 0.30 1.47 0.007 0.060 0.0090
LN 0.14 027 1.43 0.006 0.058 0.0022

FER 105 H29 HE A+ 1048 A 3 HZH (Received on May 29, 1998; Accepted on Aug. 3, 1998)
*  JIWEEEE (BR) fE#fiBFZEPT (Technical Research Laboratories,Kawasaki Steel Corp., Kawasakidori Mizushima Kurashiki 712-8074)
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1200C, 18008 14014 at the temperature(T'C)

in the austenite region.
(T=800,850,900,and 950°C )

t =0,300,3000,and 10000s

(in salt bath)

\/

Fig. 1. Schematic diagram of heat treatments for studying
VN precipitation.
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Fig. 2. Schematic diagrams of heat patterns for studying
isothermal transformation.
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Fig. 3. Precipitation-Time-Temperature diagram for VN
in austenite for steel HN.
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Fig. 4. Extraction replicas showing precipitates for steel

HN.

(a) at grain boundary, quenched from 1200°C to
room temperature,

(b) at grain boundary, held at 900°C for 3000 s and
quenched,

(¢) in austenite grain interior, held at 900°C for
3000 s and quenched.
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Fig. 5. Influence of precipitation treatments on microstruc-

tures transformed isothermally at 700°C for steel

HN.

(a) after 60 s with no precipitation (pattern A),

(b) after 60 s with precipitation treatment at 900°C
for 3000 s (pattern B),

(c) after 1000 s with no precipitation (pattern A),

(d) after 1000s with precipitation treatment at
900°C for 3000 s (pattern B).
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Fig. 6. Influence of precipitation treatments on microstruc-

tures transformed isothermally at 650°C for steel

HN.

(a) after 20 s with no precipitation (pattern A),

(b) after 20 s with precipitation treatment at 900°C
for 3000 s (pattern B),

(c) after 1000 s with no precipitation (pattern A),

(d) after 1000s with precipitation treatment at
900°C for 3000 s (pattern B).

Fig. 7. Grain boundary ferrites transformed at 700°C for
200 s for steel LN.
(a) with no heat treatment (pattern A),
(b) with heat treatment at 900°C for 3000s (pat-
tern B).
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Fig. 8. Effect of VN precipitation on the number of ferrite grains for steel HN.
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Fig. 10. Effect of VN precipitation on the fraction trans-

Isothermal transformation temperature ('C) formed with dilatometry for steel HN.

Fig. 9. Effect of VN precipitation on number density of
grain boundary ferrite for steel HN.
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Fig. 11. Growth rate of grain boundary ferrite at 700°C
for steel HN.
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Table 2. Calculated coefficients K, and X,.
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Fig. 12. Nucleation rate of grain boundary ferrite for steel
HN.
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