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Influence of Nb and V on the Proeutectoid Ferrite Reaction in Low

Carbon ngh Strreggth Steel_s )

Hiroshi KoBavasur, Haruo KAy, and Yutaka KASAMATSU

Synopsis :

The formation kinetics and the growth rate of proeutectoid ferrite (p.f.) have been examined by means
of optical microscopy in commercial low carbon high strength steels containing Nb(0.04-0.08 wt%) and

V(0.10 wt%,) at temperatures ranging from 640°C to 700°C.
The growth of p.f. immeadiately after solution treatment is remarkably retarded by a small amount of

Nb addition.

In contrast, V addition rather promotes it.

The nucleation is also dramatically supressed

by Nb, but not so much by V. The precipitation of Nb(C,N) from austenite increases both the growth

and the nucleation rate of p.f.

The growth of p.f. containing Nb and V in solution has been discussed in terms of their carbide forming

potential and variation of Ae3 temperature with their additions.

The effects of Nb and V can be ex—

plained by the “impurity drag” model and ‘“no-partition Ae3”’ concept, respectively. The acceleration
of p.f. reaction resulting from Nb(C,N) precipitation is tentatively ascribed to the reduction of C and Nb

atoms in solution.
retardation of p.f.
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Table 1. Chemical composition of steels studied. (wt%)
Steel c Si Mn P S Al Nb v N
1 0.05 0.34 1.75 0.008 0.008 0.052  — —  0.0036
2 0.05 0.35 1.75 0.007 0.010 0.046 0.043 —_ 0.0034
3 0.05 0.35 1.74 0.010 0.009 0.044 0.083 o 0.0036
4 : 2 05 qiiﬁ 1.75 N 0.008 0.008 0.047 — 0.100 0.0044
! (a) (b)
I Austenitized at 1300°C for 60 sec. Austenitized at 1300°C for 60 sec.
¥ ae 980°C for 45mi
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Fig. 1. Profile of specimen used.
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Fig. 2. Heat-treatment schedule for procutectoid
ferrite reaction study.
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80°C ¢ 45 min, VX &\ C 900°C ¢ 15min DR
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Photo. 1. Growth of proeutectoid ferrite at 640°C. Steels were quenched directl
Figures indicate the holding periods in second.

from solution temperature.
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(a) :steel 1,

(b) : steel 4 containing 0.10%V, (¢ ) : steel 2 containing 0.0439,Nb, (d) : steel 3 containing

0.0839,Nb.
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Fig. 3. Area fraction of proeutectoid ferrite as a
function of reaction time at 640°C. Steels were
quenched directly to 640°C from solution tem-

perature.
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Fig. 4. Area fraction of proeutectoid ferrite as a
function of reaction time at 670°C. Steels were
quenched directly to 670°C from solution temper-
ature.
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Fig. 5. Area fraction of procutectoid ferrite as a
function of reaction time at 640°C in steel 2 and
3. Steels were aged at 980°C for 45 min and 900
°C for 15min before transformation. Dotted
lines with figures indicate the results from Fig. 3.
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Photo. 2. Growth of proeutectoid ferrite at
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subsequently 900°C for 15 min before transformation.
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150 |
Steel
A= 4 a1 640°C

- -o— 1 —
S\IOO —0— 2
g 3

"

-

o

[
<
2
Zs0
=

0 l
6] 10 20 30 40 50 60

Time (sec’®

Fig. 6. Greatest allotriomorgh thickness of ferrite
as a function of growth time at 640°C. Steels
were quenched directly to 640°C from solution
temperature.
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Fig. 7. Greatest allotriomorgh thickness of ferrite
as a function of growth time at 670°C. Steels
were quenched directly to 670°C from solution
temperature.
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Fig. 8. Greatest allotriomorgh thickness of ferrite

as a fuction of growth time at 640°C in steel 2

and 3. Steels were aged at 980°C for 45 min and

900°C for 15 min before transformation.
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°C for 45 min and subsequently 900°C for 15 min
before transformation.
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Fig. 9. Time-temperature-transformation diagram
determined by dilatometry.
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Fig. 10. Temperature dependence of -the time to
attain 0.10 area fraction of proeutectoid ferrite.
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