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Microsegregation in Ni Base Alloy

Synopsis :

Akihiro YAMANAKA and ‘Hiroyuki ICHIHASI

In Ni base alloys, the precipitates resulting from the segregation of alloy elements often harm the quality

of the material.

The experiments of solidification and solution treatment with Hastclloy were done. The

formation and elimination of precipitates were investigated, and the following results were obtained.
1) The equilibrium distribution ratio of Mo is 0.77 and Mo is easy to segregate.
2) The precipitates are formed in the interdendritic region at final solidification stage and their size is

determined by the cooling rate during solidification.

3) The effect of cooling rates on the precipitate size can be explained by the solidification model refer-

red to the segregation of Mo.

4) The precipitates are fully eliminated by the solution treatment for 24 h at 1 250°C. The elimination
of precipitates can be described by the model where the diffusion of Mo is a rate controlling step.
Key words : Ni base alloy; solidification ; segregation ; precipitate ; equilibrium partition ratio; solution

treatment.
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Table 1. Chemical composition of test material
(wt%).

Mo Cr Ni Mn P C Si
15.9 15.7 58.1 0.54 0.004 0.008 0.033

IEF0 61 48 10 A ALEHEKLICTHRE BH 6346 A1 H5F (Received June 1, 1988)
* (ERGE ¥ (B) SREAMATAFT (Iron & Steel Research Laboratories, Sumitomo Metal Industries, Ltd., 1-3

Nishinagasuhondori Amagasaki 660)
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Fig. 1. Schematic diagram of
solidification apparatus.
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Fig. 2. Concentration profile at interface between
solid phase and liquid phase.
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Table 2. Equilibrium partition coefficient mea-
sured in this work.
Mo Cr Mn
- 0.77 0.98 0.90

Photo. 2. Solidification structure (5°C/min).
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Table 3. Chemical composition of precipitates.
Concentration (wt%)
Ni 35.0 36.0
Cr 14.0 13.5
Mo 45.0 48.0
Fe 4.0 3.4
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Fig. 3. Secondary arm spacing, dy as a function

of cooling rate, R.
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Photo. 3. Transformation of microstructure by heat treatment.
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Fig. 5. Results of line analysis with EPMA
parallel to secondary dendrite arm.

Table 4. Concentration of interface between

primary phase and precipitate.

Element Concentration (wt%)
Ni 54.0 55.3 53.0 53.1
Cr 15.7 15.7 17.0 18.2
Mo 21.3 18.4 24.6 22.0
Fe 5.4 5.4 5.5 5.3
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Cr %116 %, Fe ¥ 5.5% & %27. ZONHY
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precipitate =
10

X-ray intensity

Fig. 6. Results of line analysis with EPMA in a
vertical direction to secondary dendrite arm.
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Fig. 7. Influence of heat treatment on distribution
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Fig. 8. Influence of heat treatment on distribution
of Mo concentration.
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Table 5. Change of chemical composition of pre-
cipitates after heat treatment (wt%).

Condition of heat treatment

1150°CX [1150°CX |1150°CX |1250°CX |1 250°CX |1 250°Cx
8h 16 h 24 h 8h 16 h 24 h
Ni — 30 33 35 33 40
Mo — 45 48 50 45 38
Fe — 4.8 3.2 3.9 3.9 4.3
Table 6. Mo concentration at the interface of

precipitate and matrix.

Condition of heat treatment
1150°CX | 1150°CX | 1250°CX [ 1250°CX | 1250°CX
16 h 24 h 8h 16 h 24h
Mo (wt%) 18.3 21.2 19.7 20.5 19.6
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Table 7. Physical properties used for calculation.
Average concentration of Mo 15.5 wt%
Equilibrium distribution coeffi- 0.77

cient of Mo

Diffusion coefficient

D=2.51 exp| —77 300/RT\
in Fe (cm%/s)

Solidification
temperature

1 377°C (liquidus)
1 323°C (solidus)

50

e | Meas. | at room temp.

Just after
kolidification|
cal {

at 1000°C I

a0} —

Concentration of Mo (wt %)

ol o
0.0 0.5 1.0
2x ., Distance normalized by
dy * secondary dendrite arm spacing

Fig. 9. Comparison of concentration profile

between calculation and measurement.
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O simulation test
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Fig. 11. Relation between cooling rate and size
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precipitates.
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Fig. 14. ' Changes of percentage of area where Mo
concentration is more than 20%.
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Fig. 15. Influence of cooling rate on dissipation

time of precipitates.
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