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Effects of Austenitizing Temperature and Cooling Rate on Precipitation
Behavior and Tensile Properties of Pressure Vessel Steels

Jae Woong Shin, Sang Min Lee, Yong Jin Kim, Sang Woo Lee'

Department of Advanced Materials Science and Engineering, Kumoh National Institute of Technology,
Gumi 39177, Korea

Abstract The effects of austenitizing temperature and cooling rate on precipitation behavior and tensile proper-
ties were investigated in an Mn-Mo-Nb-V pressure vessel steel. During austenitizing, it was shown that the aus-
tenite coarsening was somewhat suppressed by undissolved NbC. After cooling from austenitizing, the
microstructure of all the steels mainly consisted of upper bainite. However, the steel comprised a little lower bain-
ite and martensite in the case of aqua oil quenching from 1000°C, which would be due to increased hardenability
by partly dissolved Nb and comparatively large austenite grains. The average size of NbC in austenite at higher
temperature was analyzed to be smaller than that at lower temperature because of the more dissolution. It was
found that the NbC did not grow much during fast cooling from austenitizing. Meanwhile, the NbC grew much
during slow cooling, probably due to wide temperature range of cooling and sufficiently long time for NbC to grow.
It was conjectured the V precipitates newly formed and/or grew during cooling from austenitizing and during tem-
pering. On the other hand, the formation of NbC was almost completed before tempering and little more precipi-
tated during tempering. Among the tempered steels, the steel which was fast cooled from 1000°C showed the
highest tensile strength, which seemed to come from the microstructure of fine upper bainite and some low tem-
perature phases as well as the comparatively fine NbC precipitates.
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Table 1. Chemical composition of the steel used in this
study (wt.%)

Alloying elements

C Si Mn |Cr+Ni+Mo| V+Nb
0.17 0.19 1.40 >1.0 >(.01
~ | Austenitizing
(8] h
e
o Tempering
= Cooling
o
o
1
o
=3
5
= ' Water
hi .
‘?quertc ing . —Time
Step 1 Step 2 Step 3
Cooling Step 1 Step 2 Step 3
Normalizing wQ N, Q NT, QT
Aqua oil quenching wQ N.Q | Nt QT

Fig. 1. Schematic showing the three steps during heat
treatment process where the extraction residue analyses
were carried out (WQ: water quenching, N: normalizing,
Q: aqua oil quenching, NT: normalizing and tempering,
QT: aqua oil quenching and tempering).
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Fig. 2. Optical micrographs showing the morphologies of prior austenite grains in the water quenched steels after

austenitizing at (a) 900°C and (b) 1000°C.
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Fig. 3. Optical micrographs showing the microstructure of steels before tempering: (a) 9N, (b) 9Q, (c) 10N, (d) 10Q.

Fig. 4. SEM micrographs showing the microstructure of steels before tempering: (a) 9N, (b) 9Q, (c) 10N, (d) 10Q.
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Fig. 5. XRD spectra obtained from the residues extracted by electrochemical dissolution method: (a) 9NT, (b) 9QT, (c)

10NT, (d) 10QT.
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Fig. 6. XRD sprectra obtained from the residues
extracted by chemical disolution method: (a) 10QT, (b)
9QT, (c) 9NT, (d) 10NT.
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Fig. 7. TEM images and SADP showing the NbC precipitates in the extracted residues obtained by chemical

dissolution method: (a) 9QT, (b) 10QT, (c) INT, (d) 10NT.
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Fig. 8. Measured and calculated sizes of NbC pre-
cipitates before and after tempering obtained by TEM
and XRD analysis.
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Fig. 9. Variations of the percent of precipitated and solute (a) V and (b) Nb with heat treatment condition for the steels.
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