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The Characteristics of Continuous Air Cooling in
0.35%C—Mn Steel Microalloyed with Vanadium
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ABSTRACT

The effects of austenitizing temperatures and times and cooling rate on the characteristics of continuous

air cooling have been investigated for 0.3%C—Mn steels microalloyed with vanadium  Transformation start

temperatures have been found to be measured from temperature—time curve directly obtained with

continuous air cooling and to decrease with increasing austenitizing temperature,

cooling rate and Mn

contents, The coarsening behavior of austenite grain size has been measured to abnormally grow at 1050°C

and rapidly grow at 1200°C. It has been found that the volume fraction of pearlite was linealy proportional

to the reciprocal square root of austenite grain size. The hardness has been measured to increase with

increasing cooling rate up to 250°C/min. and to remain relatively unchanged in the range of 250~400°C/min.

showing that hardness valves for steel with a higher Mn content increase more than those for steel with a

lower Mn content. The impact property has been found to decrease with increasing of austenite grain size

but does not linealy change with the reciprocal square root of austenite grain size,
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Table 1, Chemical Composition of Specimens (wt%)

Steels C Si Mn Al \Y N,

A 0.34 1 0.28 ) 1.14 ] 0.038 | 0.111 | 0.0090

B 0.36J0_31 150 | 0,036 | 0.115 | 0.0098
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Fig.1. Air cooling curve obtained from steel A and
B austenitized at 1100 for 30 minitues, with
various cooling rate,

(a) steel A, (b) steel B
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Fig.2. Variation of transformation start temperature

with austenitizing temperature and cooling rate.
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Fig.3. Austenite grain coarsening behavior as a
function of austenitizing temperatures.
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Photo 1. Optical micrographs showing the change of proeutectoid ferrite and pearlite
morphology of steel A air cooled with following rate after austenitizing at 1000°C
{(a,b,c) and 1200C(d,e,§) for 30 minitues; (a) and (d):150°C/min, (b)
and (e) : 250C/min, (¢) and (f) : 400°C/ min.
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Photo 2,

206, (1)

Optical micrographs showing the change of proeutectoid ferrite and pearlite
morphology of steel B air cooled with following rate after austenitizing at 1000°C

(a,b,c)and 1200C (d,e,f)for 30 minitues ;
250°C/min, (c) and (f) : 400°C /min,
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Fig.4. Relation between the volume fraction of
pearlite and the reciprocal square root of
austenit grain size of steel A and steel B.
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Fig 5. Effect of cooling rate on hardness of steel A
and B air cooled after austenitizing at three
different temperatures for 30 minitues.
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Fig 6. Variation of impact properties of steel A
and B air cooled after austenitizing at three
different temperatures for 30 minitues with
cooling rate.

ol ayuoliiol 2ol ol Gez Mzt e
Bl EARe] slAlsle] siztele AH Lol Fe
A% A4l g deelesl TRl AR Ag



160+
- steel A
n ‘; l.zoc/mm [o]
1403} ke
] [s]
-1 (o]
-‘4:120: DD
E 3 00 o
o
31007 Bo
3 3 a Iy
3 804 a® o
S ]
3 60
£ :
= 404 g
207
4] 10 20 30

(Austenite grain size,um) ® X10°

(a)

180 -

A stecl B

] . Ioz'g/mm
1404 " . %o cﬂ:‘.:’r:

1 .
w1204 .
~ ] .
> IODﬂ .

@ B ®
% s0] -
8 B -
2 ] . - .
S g0

A F Y
3 I S,
~ 40j A: .

-4 [ ]

20
G_ll'lll’lllllll'llll'll'lllllllllll
10 .
(Austenite grain size,um)"'/‘ x10f
{b)

Fig 7. Relation between impact valve and the
reciprocal square root of austenite grain
size.

(a) steel A, (b) steel B,

23 glov, 2dg eavvolEdd &5 e o
Aol Aol AA 1‘ AR YA Wil T4
o AL 44 o) FAZ o] A A 7
23t Fig 72 steel A(a) 9 steel B(b‘Sl] S A Y
o AHY 279 AFZY Gao] Wi 2ARe @

B TREE 44, 3% 1991/45

e el Aoz WL ne gel e aego)k 7314
q 2719 o &4e] thEy, AL 9 e

Ad 27 AFIY A4 JAHq AAz 24 g}
. ol& Hdetole F(nodule)e] =7 9 e} (lath)
d z7oAe A9 229 AxHpacket) 27]o] of 3
& et Balts A dAEe o4 9t

5% 3HE 4 9on 9aHyolEs &%
FHEFE we 2o} Aelely, Mngae) ¥

Steel B 7} Bdz Aol 4 Steel A ¥t} Y},

) SzdlvelE AR A 1050CoA w| A

Aol dojntnd 1200CAX FA43 Aasiei Mng o

e 7h ZA o

4) Axx YAEEY Fobl A8 Foksht 250C/
mino| 4of 4= 3}l glen] Steel Brl Steel Axch
ok HV 40 &},

5) £

o
iy gL

53 228 o)|ES 25 B WAsr =)
off whe} asled 1200CAM F S
HolE AAY 27 AF2o A5} AgHo g v

2 Bed),

1. D.Whittaker, Metallurgia, (1979), Vol. 46, pp
944.

2. K.J. Irvine and F.B. Pickering, JISI, (1963),
Vol. 201, pp. 944.

3. W.B. Morrison and J H. Woodhead, JISI,
(1963), Vol. 201, pp. 43.

4. R.H.K. Honeycombe, Metall, Trans., (1976),
Vol, 7A, pp. 915.



46/V A7} 0.35%C-Mn =| %3749 A437) Y9754

5. H. Stuart and B.L. Tones, J. of Metals,
(1983), Vol. 4, pp. 87.

6. AR, Chamber and D. Whittaker, Metals
Technology, (1984), Vol. 11, pp. 637.

7. R.A. Grange, ] F. Boyce and V.F. Peck,
Met, Progress, (1950), Vol. 57, pp. 637.

8. E.S. Hawbolt, B. Chau and J.K. Brimacom
be, Metall, Trans., (1985), Vol. 16A, pp.
565.

9. G.L. Dunlop, C.J. Carlsson and G.Frimoding,
Metall, Trans., (1978), Vol. 9A, pp. 261.
10.L.J, Cuddy and J.Craley, Metall. Trans.,

(1983). Vol. 9A, pp. 261.

11.P.R. Howell, R.A. Ricks and R WK,
Honeycombe, J. Meter. Sci., (1980}, Vol. 15,
pp. 376.

12.J.T. Branby and M.R. Johnson, J. Meter.
Sci., (1969), Vol. 3, pp. 155.



