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Precipitation Behavior of TaC in Austenite of Ferritic Heat Resisting Steel with High Chromium Contents

Kei SHINOZUKA, Manabu TAMURA and Hisao ESAKA

Synopsis : Precipitation behavior of TaC in austenite of 8Cr2WV steel has been studied. Ta contents in the extracted residues were measured chemically

for the specimens both usually normalized and step-normalized (directly cooled from a homogenized temperature to a normalizing tempera-

ture). In the step-normalized specimen precipitation of TaC is very slow due to lack of precipitation cites. On the contrary, in the usual nor-

malized specimen precipitation of TaC approaches to an equilibrium value within a practical normalizing time, e.g. 0.5h. The similar phe-
nomenon is observed on NbC in 9CrIMoV steel. The reason for this phenomenon is that a lot of residual dislocations supply the precipita-
tion cites and the induced strain by the inverse transformation assists the precipitation. The average particle size of TaC after the usual nor-

malization increases as (time)""> which is much differ from the theoretical prediction of (time)"* for the dislocation coarsening. The TaC par-

ticles after the usual normalization are spherical or round angular and about 10 nm in diameter. Based on the above investigation solubility
product of TaC in austenite of 8Cr2WV steel has been determined.
Key words: TaC; NbC; coarsening; solubility product; inverse transformation.
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Table 1. Chemical composition of the experimental steels (mass%).

Steel C Si Mn P S Cr W Mo \ Ta Nb Ti N Al Fe
F4 |0097 | 011 | 049 [0.00t0 | 00033 | 808 | 196 - 020 | 0.109 - | 0005 | 00092 | 0020 | bal
F6 0100 | 012 | 049 |0.0007 | 00033 | 801 1.96 - 020 | 0.114 - | 0030 | 00097 | 0019 | bal
. F7 |oo78| 011 | 048 | 00006 | 0.0034 | 799 | 196 - 0.19 | 0.206 - | 0005 | 00021 | 0019 | bal
FNb8 [0.136 | 030 | 037 |00110 | 0.0005 | 858 - 095 | 0.18 - 0.085 - | oo007| 0014 | bal
- : not analyzed, bal.: balance
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a function of normalizing time. Open symbols de-
note usual normalizing and double symbols denote
step-normalizing where a steel sample is sealed in
an SiO, capsule and then heated at a homogenizing
temperature, 1150°C for 0.5h, and cooled directly
from the homogenizing temperature to a normaliz-
ing temperature indicated.
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Table 2. Results of characterization of precipitates.

Steel Heat Temperature| Time Composition of the residues (mass%) XRD Chracteristics of precipitates observed by
treatment c) (h) Ta \' Cr Ti w FE-TEM (reprica) and FE~SEM (bulk specimen)
F6 950 05 | 0073 - - - - Fine spherical Ta compound and few disk (replica)
950 008 | 0.068 - - - - Fine spherical compound and lined rather coarse spherical compound (replica)
950 0.25 0.07 | 0.006 | 0.012 | 0.007 - TaC. (TiN. MnS) |Fine spherical Ta compound, lined rather coarse round angular Ta compound and
very few coarse Ta and/or Ti complex compound (replica and FE-SEM)
950 0.5 0.078 - - ~ - Fine sherical compound and lined rather coarse sperical compound (replica)
Normalizing 950 075 [ 0.075 Fine spherical compound and lined rather coarse spherical compound (replica)
in air 950 2 0.075 - - - - Fine spherical or round angular Ta compound, lined rather coarse round angular
Ta compound and very few coarse Ta complex compound (replica and FE-SEM)
1050 0.25 | 0.048 | 0.002 [ 0.011 | 0.007 - TaC, (TiN, MnS) Fine round angular Ta compound and lined rather coarse round angular
Ta compound (replica)
F4 1050 05 | 0052 - - - - Fine spherical or round angular Ta compound
and few lined rather coarse round angular Ta compound (replica)
Step norm. 950 105 | 0.077 - - - - Fine spherical or round angular and rod like carbide and nitride
in air Few coarse, wing-like Ta complex compound ( replica and FE-SEM)
950 05 0.01 | 0.001 [ 0.001 - 0.017 Few rather coarse and wing-like Ta compound (FE-SEM)
950 2 0.024 | 0.002 | 0.001 - 10015 Few coarse and wing-like Ta complex compound (FE-SEM)
Step norm. 950 23 10079 ] 0004 0001 | - [0012 Few coarse and angular Ta wing-like complex compound (FE-SEM)
in capsule 950 117 | 0.083 [ 0.004 | 0.001| - |0.013 Few coarse, wing-like Ta complex compound (FE-SEM)
1050 2 |0039 - - - - Few coarse and cubic Ta complex compound (FE-SEM)
1050 20 0.048 - - - - Few coarse, cubic and lined Ta compound (FE-SEM)
1050 100 | 0.046 - - - - Few coarse and cubic Ta complex compound (FE-SEM)
- not analyzed
Step norm.  Homogenizing at 1150°C for 0.5 h and then cooling directly to a normalizing temperature and time indicated.
FE-TEM Field emission transmission electron microscope
FE-SEM  Field emission scanning electron microscope
XRD X-ray diffractometer
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Fig. 2. FE-TEM microstructures of the extracted replicas of F4 steel. (a) Normalized at 950°C for 0.25 h, (b) 950°C for 2 h and (c)
1050°C for 0.25h. Fig. 2(d) is an FE-TEM micrograph of the extracted replica of F4 step-normalized at 1150°C for
0.5h—950°C for 105 h in air, showing TaC and TaN analyzed by FE-TEM EDX.

Table 3. Chemical composition of extracted fine precipitates of steel F4 measured by an FE-TEM EDS.

Heat treatment {Temperature| Time Number of Chemical composition (mass%)
°c) (h) | observation N Ta v
av. 0.1 96.0 39
Normalizing 950 0.25 10 max. 0.9 98.4 8.0
min. 0.0 920 1.6
av. 0.2 977 2.2
Normalizing 950 2 10 max. 1.7 994 3.6
min. 0.0 947 0.6
av. 228 704 6.8
Step normalizing 950 105 5 max. 33.3 96.7 12.2
in_air min. 0.0 58.2 1.7

Step normalizing:

Homogenizing at 1150°C for 0.5 h and then cooling directly to a normalizing temperature and time indicated.
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Fig. 3. FE-SEM microstructures of F4 steel. (a) Normalized at 950°C for 2h and (b) step-normalized in a capsule at 1150°C—
950°C for 2h, (c) at 1150°C—950°C for 23 h and (d) 1150°C—1050°C for 20 h.
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Fig. 7. Relation between solubility product for TaC in
austenite of 8Cr2WV steel and normalizing tem-
perature. Symbol © indicates thermally equilibrat-
ed values at a normalizing temperature which is
obtained by step-normalizing in an SiO, capsule in
order to prevent nitrization. Step-normalizing de-
notes that a steel sample are sealed in an SiO, cap-
sule and then heated at 1150°C for 0.5 h and cooled
directly homogenizing temperature to a normaliz-
ing temperature indicated for longer than 10 h.
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Fig. 8. Relation between solubility product for NbC in
austenite of 9Cr1MoV steel and normalizing tem-
perature.
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