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Effects of N and V on Ferrite Grain Refinement in Normalized Steel

Synopsis :

Kouichi UcHINO, Yasuhide OHNO, Seinosuke Y ANO,
Toshiei HASEGAWA and Hirofumi MORIKAWA

The effect of grain refinement of steel is well known as a metallurgical method to make both strength and
toughness improve. In this study, in order to use VN precipitates for @-grain refinement in normalized
steel, the effect of V and N content on 7-grain size at reheating stage and a-grain size after air cooling
and the mechanism of grain refinement have been investigated.

The results obtained are as follows,

1)The @-grain refinement in high N-V added steel is due to the degree of 7-grain refinement by VN pre-

cipitates and high 7/a transformation ratio.

2) The more the VN precipitates in 7-grain, the finer the a-grain becomes. Its effect becomes distin-
guished in the range of 30~50 ppm N as VN and is saturated with 100 ppm N as VN. '

3)High 7/a transformation ratio is due to the increase of a nucleation site at ¥-grain boundary. It is
considered that the contribution of VN is not in lowering of transformation temperature and increasing of
transformation time, but in playing role as a @-nucleation site or suppressing of a grain growth through

precipitation in front of a phase.

Key words : grain refinement ; strength; toughness ; vanadium nitrogen; normalizing ; ¥/ a transformation .

ratio ; Y-grain size ; a-grain size.
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Table 1. Chemical composition of steels (wt% ).

V/N

Steel [of Si Mn P S \' N Atom.
Ratio

A 0.20 | 0.51 | 1.51 |0.002| 0.0005 [{<0.001{0.019 0.00
B 0.20 | 0.48 | 1.51 | 0.002| 0.0006 0.10 {0.017 1.62
C 0.20 1 0.50 | 1.51 [ 0.002| 0.0007 0.10 |0.022 1.25
D 0.20 | 0.51 | 1.51 [0.003| 0.0007 0.20 [0.041 1.34

950, 1000, 1050, 110(1)6 1S 1'30. 1200, 1250CX1hr

900CX1hr, 5C/8
860CX1hr
T
l~—Quenching 500
y—grain size a—grain size

N as VN analysis

Fig. 1. Heat treatment conditions for @, 7 grain
size measurement and chemical analysis.
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Fig. 2 12ix, Table 1 O3 ~XTOHAMIZ BT B n%k
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KALEREE &, 1050°C (b), 1100°C (c), 1150°C (d)

Table 2. N as VN (ppm) in austenite and ¥ grain
size number (N, ).

Reheat B C D

Temp.

(°C) |NasVN Ny |[NasVN Ny |NasVN Ny
860 140 9.8 170 10.4 385 10.6
900 (122; 10.1 (157) 10.2 (369) 10.2
950 (80 9.5 89 9.5 330 10.3

1000 45 8.7 62 9.0 270 9.1

1050 26 3.6 29 7.9 190 9.3

1100 21 3.4 16 2.4 67 8.8

1150 § O; 3.5 19 2.3 24 3.9

1200 0 2.8 (0 1.9 14 —1.0

1250 6 2.7 9 2.7 6 —2.0
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Fig. 2. Effect of reheating temperature on 7-
grain size.
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Fig. 3. Relationship between ¥-grain size number
and precipitation of VN.
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Fig. 4. Relationship between 7-grain size number
and reheating temperature.
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Fig. 5. Effect of reheating temperature on 7-
grain size number (N,) and @-grain size number

(N).
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Fig. 6. Relationship between N, and ratio of
¥-grain size to a-grain size (d,/d,).
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Fig. 7. Relationship between N, and d,/d,.
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Fig. 8. Differences in Ar; between V-add. and
V-free steel.
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Table 3. Transformation temperature.

Reheat A B

TS 4 Ay AT | A Ay AT
(°c) (°c) °c) (°c) (°c) °c)

1000 726 610 116 734 625 99

1300 688 603 85 715 630 85

Cooling rate : 100°C/min above 900°C, 2.5°C/min under 900°C

" 00.10V—-0.017N
A0.10V-0.022N
W0.20V—0.041N

0 100 200 300 0%
N as VN (ppm)

Fig. 9. Effect of VN precipitates on differences

in Ny (AN,) between V-add. and V-free steel at

the same condition of d,/d,.
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3-3 [V]-[N] OEmEE

Table 4 (2, Table 1 IZ/RL7Z-HtRKFH V 2 &L=
S ORI D 860~1250°C DINBBEEIZ BT, 2Bk
WMERERL T NEBESITLIERERT. B
ELTHONDBENFITLELTD N »ED) DD
B —HREBA 12X VN LTHHELTWAN
BEOMLELY, ZOMBEIELIEIERLETH 20
T, BEHERE LTV NG, 3T VN THhozE
EXBHILHNTEL. Table 4 DIERLN(7)X2 5,
TNELBEE (2 BT B IBMERE Y R /2.

EmERE =(%VI[(%N)

= (% V — (50.942 / 14.007 )%N as VN
X (FIN%N — %N as VN J eoeeereeercenee (7)
Fig. 10 12488 D (0.2% V-0.041% N) O #EREFE* X

Table 4. Analysis of nitride.

Reheat N as VN (ppm)
Temp.

( °CS) B C D
860 140 170 385
950 - 89 330

1000 45 62 270

1050 26 26 190

1100 21 16 67

1150 — 19 24

1200 — — 14

1250 6 9 6
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Fig. 10. Solubility of VN in a 0.2V-0.041N steel.
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Fig. 11. Relationship in VN precipitates between

observations and calculations, present data.
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Fig. 12. Relationship in VN precipitates between
observations and calculations by Frasmus!?.
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