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Solidification Structure and Segregation in Austenitic Stainless

Steel Containing Phosphorus

Koki GUNN. Eijiro IsHIKAWA. and Masaaki TaAx Act

Synopsis:

This paper describes an experimental study made of the solidification structure and the segregation in

austenitic stainless stecls containing phosphorus.

Small melts werc unidirectionally solidified to simplify the freezing process. The cooling curves were also
obtained in 300 kg ingots to compare the solidification structure with unidirectionally solidified ingots.

The results obtained are as follows:

1) The secondary dendrite-arm spacing in the columnar crystal zone in the unidirectionally solidified
ingots was influenced by the average cooling rate during solidification and phosphorus content. The ralation
between the secondary dendrite-arm spacing and the average cooling rate in the above mentioned ingots

was applicable to the 300 kg ingots.

2) The primary dendrite-arm spacing in the columnar crystal zone was also influenced by the average
cooling rate. but the result obtained from the unidirectionally solidified ingots was not applicable to the 300

kg ingots.

3) Microsegregations around the primary and the secondary dendrite arms in the unidirectionally
solidified ingots were determined by an electron probe microanalysis. The degress of microsegregation of phos-
phorus, chromium, and molybdenum increased with a decrease of the cooling rate.

4) An inverse segregation was found in a 300 kg ingot. It should have resulted from the solidification

shrinkage in a wide mushy zone formed in the ingot.
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Table 1. Chemical composition (%) and liquidus-and solidus temperature of alloys.

c Si Mn Ni Cr Mo Co P |.Ty(°C) | Ts(°C) | 4T(°C)
M- 0 0.29 1.12 1.30 20.58 21.14 | 4.60 20.36 | 0.0l 1 381 1330 51
M- 2 0.27 1.05 1.20 19.73 21.71 4.60 19.76 | 0.21 1380 1088 292
M- 4 0.28 0.53 1.27 19.86 20.47 4.84 20.09 0.41 1 364 1100 264
M-10 0.20 0.98 1.69 19.16 19.05 | 4.31 19.86 0.90 1348 1 064 284
M-50 0.29 0.97 1.66 19.54 19.23 | 4.06 19.50 4.64 1224 1068 156
N-0 0.30 0.64 1.07 10.17 19.89 | 2.46 0.40 0.009 1 420 1 380 40
N- 2 0.30 0.63 0.93 10.53 19.89 | 2.44 0.29 0.20 1 420 1 366 54
N- 4 0.36 0.61 0.95 10.52 19.94 2.50 0.46 0.41 1420 1376 44
T, : Liquidus, T : Solidus, 4T=T;~T,.
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Macro structure of unidirectionally solidified ingots for M-2.
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Photo. 2. Microstructure on longitudinal section at each position from bottom of
unidirectionally solidified ingot for M-2.
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Table 2. Relationship between average cooling rate
and secondary dendrite-arm spacing.
[ P] Secondary arm spacing
M-0}| 0.01 log S;;= —0.461 log R+2.423
M-24 0.21 log §;;=—0.494 log R+2.423
M- 4 0.41 log S;;= —0.423 log R+2.342
M-10 | 0.94 log S§;1=—0.471 log R+2.336
M-50 | 4.60 log Sy;=—0.309 log R+1.953
N- 0| 0.009 | log S;;=—0.484 log R+2.465
N-21 0.20 log S;;=—0.482 log R+2.484
N- 41 0.40 log §;1=—0.409 log R+2.380
pouring temperature 1580°C
mold temperature e 1200°C
o 1000°C
2 ~
2 >
e =274 RTO47¢ o
- 03
1 \
Log R (%/min )

Fig. 1. Relationship between average cooling rate
and secondary dendrite arm spacing in
columnar zone for M-2.
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Fig. 2. Relationship between average cooling rate
and secondary dendrite arm spacing in
columnar zone for N-2.
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Fig. 3. Dependence of secondary dendrite arm
spacing on #/¢ for M steel ingot.
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Fig. 4. Dependence of secorgdary dendrite arm
spacing on §/C for N steel ingots.
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Table 3. Chemical composition of 300 kg ingots (wt%).
No. | @ s Mn | P s . N o Cr Mo | Co
T 0.24 0.52 1.00 | 0.207 | 0.012 ' 19.19 ' 20.32 . 3.15 . 18.80
2 0.2 0.43 1.16 | 0.237 | 0.012  19.74 . 19.27 ' 3.79 | 19.92
3 | 0.24 0.53 | 1.02 ﬂ 0.200 | 0.010 » 19.97 | 20.40 4.0 | 20.46
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Fig. 5. Macrostructure and temperature distribution in 300 kg ingots after pouring
(D : Distance from the conter of the ingot).

B
3

gire
g 8
(=]

K ;ngot

L

o~ — Liquidus 1385°'C

Temprature (*C)

-
pry
o

D: Distance from
mould wall (mm)l
1

0 5 10

15 20 25 30
Time {min)

35
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Photo. 3. Microstructure on longitudinal sections at each position from mould surface of

the 300 kg ingot No. 3.
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Fig. 11. Solute distribution in a unidirectionally solidified ingot and in a 300 kg ingot
(L : Distance from chill face or mould wall, L, : The length of the unidirectionally
solidified ingot or the radius of the 300 kg ingot).
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