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Prediction of the Formation Region of Eutectic NbC in a Large
12Cr-Mo-V-Nb Steel Ingot

Kimihiko AKAHORI, Shigeo MAENO, Hideyo KobDaMa,

Norio MORISADA and Toshikiko OsHIMA

Synopsis :

The purpose of this study is to predict the formation region of eutectic NbC in large ingots and to elim-
inate its detrimental effects. The correlation between the formation region of eutectic NbC and the ratio
of the height H to the diameter D (H/D) was investigated experimentally using ingots of 2t and 10 t and
the temperature gradient at the end of solidification in these ingots was calculated by a finite difference
method.

The plots of the logarithm of the critical temperature gradient for the formation of eutectic NbC which
was obtained experimentally against the logarithm of the calculated average cooling rate during solid-
ification yielded a straight line. It was predicted from this result that when casting a 100 t ingot eutectic
NbC would not be formed if the value of H/D is less than 0.6 and magnetic particle test indication would
not be detected if the value of H/D is less than 1.0. A 100 t ingot having ratio H/D of 0.96 was made and
a turbine rotor shaft was produced from this ingot. The center core portion of the rotor shaft had satisfactory

mechanical properties and no indication of defects was detected by magnetic particle testing.
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Accelerated solidification
Formation of defect

(H/D=1.6, A: Solidification time(h), B : Temperature
gradient at the end of solidification °C/cm)]
Fig. 1. Solidification calculation results of the
100 t ingot.

[ solidification calculation 1

[ Temperature gradient, G|

G >Gc H/D
Gc : Critical G of eutectic NbC formation of ingot

[

[Measurement of Gc in small ingoHZ t,10 ﬂ

[Estimation of Gc in large ingot J—>1001t ]

[ Sound ingot ]

Fig. 2. Flow diagram of the prediction of eutectic
NbC formation in the large 12Cr steel ingot.
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Table 1. Physical properties used in the

calculations.
Specific Thermal Heat transfer
Material Densit! heat conductivity coefficient
(g/cm?) (cal/g-deg) (cal/s:cm-deg) (cal/s:cm?.deg)
>1495C 0.10 ingot-mold
Ingot 7.3 0.16 21495C 0,077  interface
Mold 7.1 0.15 0.08 0.05~0. 006
Pouring Liquidus Solidus Mold initial
temperature temperature temperature temperature
C (C) C) (C)
1550 1495 1395 80

Table 2. Experimental conditions and dimensions
of ingots.

. Ingot weight Height H Diameter D

Series No. ® H/D (mm) (mm)
2.3 1100 480
I 2 1.6 790 495
1.0 500 507
1.6 1510 944

I 10
: 1.0 1117 1142
*1.0 1155 1175

il 10
0.8 1010 1260

* Investigated after forging to the bloom
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Table 3. Chemical compositions of the 12Cr steels used. (wt9%)
Series No. C Si Mn Ni Cr Mo A\ Nb N Cr eq.
1 0.14 0.28 0.64 0.49 10. 48 0.97 0.19 0.06 0.040 8.4
I 0.15 0. 40 0.69 Q.51 10, 56 0.98 0.18 0.08 0. 066 7.9
I 0.16 0.31 0.82 0.53 10,37 0.96 0.18 0.05 0,055 6.5

Cr eq.=Cr+6Si+4Mo+11V+5Nb—40C—2Mn—4Ni—30N
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Photo. 1. Macrostructures of
vertical sections of 2t ingots.

300mm Photo. 2. Macrostructures of

L * vartical sections of 10t ingots.
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* Eutectic NbC (>50um)
o MT indication

B 1]

H/D=2.3 H/D=1.6 H/D=1.0 200mm

Fig. 3. Distribution of eutectic NbC and magnetic
particle test(MT) indication in 2t ingots.

» Eutectic NbC (>50 #m)
O MT indication

YTl

H/D=0.8
500mm

Fig. 4. Distribution of eutectic NbC and magnetic
particle test(MT) indication in 10t ingots.
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Photo. 3. Microstructure of the eutectic NbC
formed in the 10t ingot (H/D=1.6).
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I Eutectic NbC

iLloose structure

o Unit :
5 — C/cm
19 |20
f i
| g 4o b
i ! 40
| |
|
'__ I
H/D=2.3  H/D=1.6  H/D=1.0

Fig. 5. Calculated temperature gradient and
formation region of eutectic NbC and loose
structure in 2t ingots.

[ Eutectic NbC
9 _)/5\ TlL.oose structure
}1{1 f V5
{
sl | } 1/
! o 15 10 15
J:! i 20
1' {
: L L 15
H/D=1.6 H/D=1.0 H/D=0.8

Fig. 6. Calculated temperature gradient and
formation region of eutectic NbC and loose
structure in 10t ingots.
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'2 0.1 0.20.3 050710 2 3 5710

Average cooling rate ("C/min)
CO : Calculated minimum temperature gradient in 100t ingots,
I: Formation region of eutectic NbC)
Fig. 7. Effect of the average cooling rate on the
empirically determined critical temperature gra-

dient (Gc).

T ~--Limit of eutectic NbC formation
K —L.imit of MT indication
.8 12
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Fig. 8. Relation between H/D and the minimum
temperature gradient of the ingot and the limit
line of eutectic NbC formation and MT indica-
tion.
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Table 4. Mechanical properties of the 12Cr steel turbine rotor made from the 100t ingot.

Spec. surface radial >84.3 >66.8 >12 >25 >1.1 <80

Surface radial 92,9 69.8 16.5 50.1 2.9 53 21.7

Core long. 91.7 69,1 18.7 46.1 3.0 51

Core trans. 91,7 68. 8 19.0 50. 6 2.9 51
S (1) 3t NbC 35 X O 7 R Ba o> Fek SRR I
2 00 HEH LROFERTHOREC SEE I L T K
2 ] D, BEZSEORAMEC L 2T hbDRIEDFEEN
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Temperature gradient(°C/cm)

Fig. 9. Effect of H/D on the calculated temper-
ature gradient along the centerline axis in 100 t
ingots.
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