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Conditions for the Formation of “A” Segregation and Precipitating
Phases in iron-base superalloy A 286
Takashi SAKURAI , Hitohisa YAMADA, Kazuo KITAMURA and Tomoo TAKENOUCHI
Synopsis :

Iron-base superalloy A286 has been increasingly used for such application as components for power in-
dustry because of its high strength at high temperatures. In the ingot of this material, however, heter-
ogeneities such as “A” segregation and Laves phase are easily formed to deteriorate the properties of the
products.

In this study, therefore, an ESR ingot 1 000 mm in diameter was produced and examined in search for
‘measures to reduce these heterogeneities. By beeing based on the result, laboratory experiments were
carried out reproducing “A” segregation in a small ingot. The result revealed that lowering Si and Ti
contents and making liquid pool angle smaller, which corresponded to shallow liquid pool in actual ESR
ingot, were favorable for reducing “A” segregation. From another series of experiments it was made clear
that lowering Si and Ti contents was also favorable for reducing Laves phase which tended to appear in
micro-segregated interdendrite.

Key words : superalloy ; solidification ; A286 ; segregation ; Laves phase ; electroslag remelting.
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Table 1. Chemical composition of A286 ESR electrode.
C Si Mn P S Ni Cr Mo \'4 Al Ti B N
0.014 0.56 1.15 0.020 0.018 25.04 14.52 1.40 0.24 0.34 2.49 0.0032 0.0046

BBH0 S8 4F 10 ARLHEHEAREZICTRE MM 6342 A 24 HZA (Received Feb. 24, 1988)
*  (¥k) H ARSI ZWMBFFEPT (Muroran Research Center, The Japan Steel Works Ltd., 4 Chatsumachi Muroran 051)
*2  (Fk) B ARMPT BIRIENT A (Research & Development Division, The Japan Steel Works Ltd.)
*3 (BR) A ABIGEPT EWHTERT T1% (Muroran Research Center, The Japan Steel Works Ltd.)
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Fig. 2. Result of the measurement of secondary Fig. 3. Arrangements for unidirectional solidi-
dendrite arm spacing in 1 000 mm¢ ESR ingot. fication experiments.
Table 2. Experimental conditions and ladle analyses of unidirectionally solidified ingots.
Angle 9 Flow rate C Si Mn P S Ni Cr Mo v Al Ti B N
A 90 130 0.011 0.49 1.21 0.020 0.008 24.81 14.10 1.32 0.25 0.195 2.51 0.0024 0.0052
B 90 200 0.018 0.56 1.20 0.015 0.005 25.13 14.61 1.42 0.24 0.178 1.87 — 0.0105
C 90 200 0.008 0.18 1.19 0.019 0.008 25.07 14.28 1.36 0.25 0.155 2.16 0.0024 0.0061
D 90 200 0.012 0.03 1.15 0.015 0.006 24.92 14.29 1.41 0.25 0.180 2,25 0.0022 0.0061
E 90 80 <0.003 0.05 1.22 0.019 0.004 24.81 13.98 1.36 0.25 0.232° 2.4 — 0.0077
F 60 100 0.009 0.56 1.25 0.019 0.007 25.12 14.22 1.40 0.26 0.23 2.42 — 0.0185
G 60 50 0.012  0.05 1.27 0.020 0.005 26.18 14.54 1.46 0.26 0.24 2.48 — 0.0051
H 45 100 0.006 0.55 1.34 0.021 0.006 25.03 14.18 1.38 0.25 0.24 2.44 — 0.0184
1 45 50 0.009 0.08 1.22 0.020 0.008 24.92 13.86 1.38 0.25 0.16 2.32 — 0.0083
J 30 60 0.005 0.53 1.20 0.021 0.004 25.05 14.21 1.40 0.25 0.196 2.28 —  0.0067
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Fig. 4. Effect of chill face angle 6 on the forma-
tion of “A” segregation.

Chemical composition of 100g specimens used for the measurement of microsegregation.

C Si Mn P S

Ni Cr Mo \Y Al Ti B N

<0.003 0.02 1.20 0.019 0.003

Low-Si spesimen
| <0.003  0.50 1.23 0.018  0.003

High-Si spesimen

26.00 14.24 1.47 0.24 0.24 2.37 — -
25.09 13.93 1.48 0.24 0.27 2.30 — —
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Fig. 8. Relation between secondary dendrite arm
spacing and cooling rate for ingots A, C and D.
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Table 4. Chemical composition of mother alloy used for the determination of formation temperature of Laves
phase.

C Si Mn P S Ni Cr Mo \' Al Ti
<0.003 0.53 1.18 0.017 0.003 26.09 14.51 1.46 0.26 0.26 2.34
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(a) 1293°C
(d) 950°C (Laves 0.49%)
Photo. 4. Microstructure of specimens quenched from different temperatures during cooling.
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