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Effect of Cooling Ratesafter Hot Def ormation on Microstructure of Vanadium-
nitrogen Non-quenched and Tempered Seel
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(1. Wuhan University of Science and Technology , Wuhan 430081 , China;
2. Panzhihua New Steel & Vanadium Co. Ltd. , Panzhihua 617062, China)

Abstract : The microstructure of vanadiumrnitrogen steel was observed by using optical microscopy , scanning
electron microscopy and transmisson electron microscopy ater hot deformation of austenite and cooling to room
temperature at four different cooling rates on thermal smulation tester Geeble 1500. Structura constitution and
mechanical properties were calculated via JMatPro4. 1 software. The results show that the ferrite refined and its
amount decreased , the pearlite content increased the amount of bainite increased gradually and martensite appeared
with the continuous increasing of cooling rate. The morphology of vanadium and titanium precipitates changed from
regular to granular and from (Ti,V) N to (Ti,V) C, the sze was a0 refined. The calculation equilibrium phase
constitution results from the software was similar to that of real samples. The yield stress at room temperature was
(814 +£42) MPaat the cooling rateof 3.0 - s™*.

Key words: vanadiunmrnitrogen non-quenched and tempered stee! ; cooling rate; microstructure; precipitate

(5]
[1] !

[2] ’ ’

[3] G eeble1500

Sankaran'¥!

:2008-07-22; :2009-01-09
(1966-), : , (



| %) 0. 38C,0. 925, 1. 78Mn, 0. 013P,
0 07S,0.13V ,0.06Ti ,0.015Nb,0. 014Al ,0. 021 5N ,

0.002 00 15 kg $30 mm
, $8 mm x 12 mm ,
Qeeble 1500
1200 10 min, 3.0
-st 900 10 min,
0.1s" 0.9 ,
0330300 -s*

4% , Olympus
BX51M ;
Nano SEM400 (SEM)

(ED9 , Tec
na & 20 (TEM)
JMatPro4. 1,

2
2.1
1 , 0.3 st
. 3.0
S'l
: 3.0 st

Fig.1 Microstructures of samplesat different coding rates (a) 0.3

0.3 s 84 %(
C) 16 %; 3.0
-5t 93 %,
7%; 30.0
st 83 %, 11 %,
5%, 1%
(1
2.2
2 , 0.3 -s*
MnS, (Ti,V)N;
MnS ) 1M m;(Ti,V)N
) 44 m
3.0 -s‘' MnS,
, 14 m; (Ti,v)C ,
TEM , 1y m
. 8.
5

-s! (b) 3.0 -s! (c)30.0 -s! (d Water quenching
30.0 -s' ,MnS

, 3um; (Ti,v)(C,

N) 1 t
(Ti,V) (C.N) : (Ti,

V)N , (Ti,v)C

,(Ti V) (C,N)

(TI IV) (ClN) 1

MnS

MnS )
2.3

© 1994-2010 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



Fe

Mn e Si Mt Mn

S
N Ti

] Mn
JLL.”J LWUu&,SkH\,L—,JJ 1 ol CMW‘J‘G}‘;

===

234567011-73.34-96-5 23 4 56 7 0 200 400 600 800 1 2 3 4 5 6 7
BB /keV el /keV ARt /keV it & /keV et /keV
(b) A EDS (d B EDS (fy C EDS (hy D EDS (j)) E EDS
2 EDS

Fig.2 Morphoogiesand EDS patterns precipitates and inclusions of samplesat various cooling rates
(a) Inclusion of the smpleat a codingrateof 0.3 - s ! (b) EDSpatternof A (c) Precipitate of the ampleat a
codingrateof 0.3 - s! (d EDSpatteenof B (€) Incusion of the ampleat a codingrateof 3.0 - s ! (f) EDSpattern of C
(g) Precipitate of the ssampleat a coolingrateof 3.0 - s°! (h) EDSpattern of D (i) Inclusion of the sample at
acodingrateof 30.0 - s ' (j) EDSpatternof E
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