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Development of Prediction Method for Large Nb(C,N) Size Distribution

Naohide KAMIYA, Ryosuke OHASHI and Ayumi YAMAZAKI

Synopsis

Using precipitation and growth simulations of Nb(C,N), the effect of Nb(C,N) present before hot forging on particle size

distribution and volume of Nb(C,N) during hot forging, and on pinning energy to suppress abnormal grain growth, was
estimated. Experimental measurements of average Nb(C,N) particle diameter and volume during hot forging were conducted
for specimens with dissolved Nb(C,N) and residual Nb(C,N), providing parameters for the simulations. It was confirmed by the
simulation that coarse Nb(C,N) present before hot forging continues to grow during hot forging similarly to fine Nb(C,N) that

precipitates during the process. On the other hand, the volume increase is larger for coarse Nb(C,N) than for fine Nb(C,N). As

a result, the pinning force is reduced more than estimated based on the volume of coarse Nb(C,N) before hot forging. Pinning
energy by coarse Nb(C,N), which was 46 % of total Nb(C,N), was estimated to account for only 16 % of the total pinning energy.
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Table 1. Chemical composition (mass%).

Steel| C Si [ Mn | Cr | Nb N Al Fe
34Nb|0.20 (0.18 {0.85 [ 1.19 [0.034|0.019(0.032| Bal.
69Nb|0.20 ([0.18 [ 0.84 [1.19 (0.069(0.020(0.033| Bal.
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Fig. 1. Equilibrium amount of Nb(C,N).
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Fig. 2. Heat treatment and hot-forging conditions.
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Fig. 3. Optical micrographs before hot forging of 34Nb
and 69Nb specimens.
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Fig. 4. TEM images (A) before hot forging, (B) heating
to 1373 K, (C) holding at 1373 K for 1.8 ks, (D)
after deformation and (E) after cooling of 34Nb
specimens.
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A) Before hot-forgi

E) After cooling

Fig. 5. TEM images (A) before hot forging, (B) heating
to 1373 K, (C) holding at 1373 K for 1.8 ks, (D)
after deformation and (E) after cooling of 69Nb
specimens.
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Fig. 6. Low magnification TEM images (A) before hot
forging, (B) heating to 1373 K, (C) holding at
1373 K for 1.8 ks, (D) after deformation and (E)
after cooling of 69Nb specimens.

(1) 34Nb
0.10 50
0.09 45 _
3
0.08 40 £
£ 007 EE
= ey
S 0.06 30 2
= s
Z 005 25 5
2
v 0.04 Average 20 &
5 diameter £
3 003 O ----- — 15
0.02 el o 0 3
1 <
0.01 Volume o 5
0.00 ¢ 0
A B c D E
(2) 69Nb
0.10 —CO=== 140
S
005 . N 120 _
0.08 Average diameter = g
= (coarse Nb(C,N)) =
R 007 EEl
5 0.06 Volume 30 2
b1 -« O----en Q s
Z 0.05 ’ 25 5
s / D g
g 0.04 s . 20 E
El / N 5
S 003 i N 15
0.02 /" Average diameter o 10 §
. >
001 fe) (fine Nb(C,N)) s <
0.00 0
A B c D E
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Fig. 8. Calculated (1) volume and (2) average diameter
of Nb(C,N) among pre-heating and hot forging
34Nb.
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Fig. 10. Calculated Nb(C,N) distributions of (1) 34Nb, (2),
(3) 69Nb heating to 1373 K, holding at 1373 K
for 1.8 ks and after deformation.
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Fig. 11. (1), (2) Calculated and (3) observed Nb(C,N)
distributions of 69Nb after deformation and after
cooling.
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Fig. 12. Calculated Nb(C,N) distributions of 69Nb after
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of 69Nb specimens.
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