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Effects of Nb and Ta on the Formation of “A” Segregation and

Carbo-nitride in 12%Cr Steel

Hitohisa YAMADA, Takashi SAKURAI, Tomoo TAKENOUCHI and Yoshiyuki IwANAMI

Synopsis:

Experiments are carried out on 12% Cr steel, which is widely used for such applications as generator
-components, to study the effect of Nb and Ta on the formation of “A” segregation and eutectic-type

carbo-nitrides in the segregates.

(1) Nb and Ta have an effect of making dendrite sturcture fine and reducing ““A” segregation. Critical
secondary arm spacing whether “A” segregation forms or not is around 600 pm.

(2) In “A” segregation streaks, number of eutectic-type carbo-nitrides increases with increasing solute
enrichment. The formation of the carbo-nitrides is promoted more strongly by the addition of Nb than

that of Ta.

(3) Carbo-nitrides form when the solidus temperature of “A” segregate is decreased down to the
precipitation temperature of the carbo-nitrides which is around 1 400°C.
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Fig. 1. Experimental apparatus to reproduce
“A” segregation.
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Table 1. Chemical composition of experimental ingots (2).

No. C Si Mn P S Ni Cr Mo \ Nb Ta N

I 0.19 0.04 066 0007 0007 05! I1I1.73 l.i2 023 -~ - 00537
2 0.17 0.08 0.60 0.006 0007 048 10.08 096 021 005 - 0.0563
3 0.16 0.03 0.62 0007 0007 050 10.74 105 020 0.3 -~ 0059l
4 0.6 0.10 0.64 0.007 0007 05! 1l.I0 1.04 022 0.03 0.I3 00465
5 020 0.09 059 0007 0006 049 1127 I1.I0 022 O0.I3 009 00727
6 020 0.07 058 0006 0008 1.35 11.53 .10 022 033 007 0.0570
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Fig. 2. Investigation of experimental ingot.
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Fig. 3. Experimental apparatus to produce
carbo-nitride.
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Table 2. Chemical composition of samples (%).

Series C Si Mn P S Ni Cr Mo v Nb N

A-1 021~032 0.32
0.02~0.34 0.32
B-1 0.14~040 0.1}
0.12~064 0.17
C-1 014~034 Oll

> D-1 006~057

0.37 00i2 0030 0.51
0.37 0.0I5 0065 0.5!
0.58 0.010 0020 049
055 0.0i15 0.067 0.52
0.62 0007 0.025 047 1048 1I.18

10.21 .20 0.20 0.06 0.008
1035 .20 0.20 0.06 0008
1048 1.12 030 0.10 0.008
10.60 1.20 0.30 0.10 0009
0.30 0.10 0067

C-2 0.10~027 0.0 048 00I5 0078 0.50 10.74 1.24 0.30 0.l10 0075
008 067 0.0I5 0.037 049 1052 1.27 0.24 0.06 0.064
E-1 006~054 008 056 0.0I5 0.036 0.50 10.60 1.24 0.25 0.10 0.077
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Photo. 1.

“A” segregation reproduced in a 14 kg
ingot containing 0.139,Nb and 0.092,Ta.

r k% Photo. 1 TR, ok 5, KESMBCE
bz LEROBVIEN =~ ERMBERNCER T &
MDTE .

ThETHV EHOERBERASEG ) RTEX
Y, BE a MEERDC LOTET S Lasbh
T3,

- RLISSq «everrrvncenrnnnnn. ceereeeeenen (1)
CIC, e 3HAEE (°C/min), R (IBEIEE (mm/
min) THb. £ T, Kl LIcEERED A
LEEFmORMEL 0.3 L LT, #VIEHTDO FBEHM
BB BT e R &Ry, Nb+Ta GFECHL
T Fig. 4 WRd. coXse, RO R 43 Nb
+Ta GHED MinE e /&, Nb 28 0.13%
= Ta 24 ¥4 s Ta 23 0.13% ¢ Nb % 0.03
% ERETHMMOBER ¢ R ERRIE-FKTHZ Lo
5, Nb & Ta ZERBECER ¢ B HEx/)EL

THHREETHLDOLIM S hS.
0.4
3
S 0.3}
E
E No segregation
£ o2

2
v

Segregation

& R"ritical

i H 1
0.1 0.2 03 04 05

loo

Nb +Ta (%)

Fig. 4. Effect of the amount (Nb+Ta) on the
critical condition for the formation of “A” segre-
gation.
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Fig. 5. Effect of Nb and Ta contents on the
secondary dendrite arm spacing.
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Fig. 6. Distribution of secondary dendrite arm
spacing in 90t Cr-Mo steel ingots.
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Photo. 2. Eutectic-type carbo-
nitrides formed in experimentally
reproduced “A” segregation.
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Photo. 3. SEM image of eutectic-
type carbo-nitride formed in ex-
perimentally reproduced “A” segre-
gation.
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Fig. 7. Area ratio of eutectic-type carbo-nitride
measured in segregation-free samples of experi-

mental ingots.
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Fig. 8. Effect of Nb content on the area ratio
of eutectic-type carbo-nitride.
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Fig. 9. Relation between segregation ratio, I
and equilibrium distribution coefficient, £,.
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Fig. 10. Ratio C;/C, calculated from the scheil
equation.
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Fig. 11. Critical temperature for the formation
of carbo-nitride as a function of carbon content.
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