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Effects of Alloying Elements on Solidification Structures in Cr-Mn-Ni Austenitic Stainless Steels

Takayuki OSHIMA, Atsushi KIMURA, Tatsumi HAMADA, Yasuhiro HABARA and Kotaro KURODA

Synopsis

: The effects of alloying elements on solidification structures in ingots were investigated in five types of Cr—Mn—Ni austenitic stainless steels:

14%Cr—1.2%Ni-10%Mn-0.13%N, 15%Cr-4%Ni-8%Mn—0.05%N,
0.10%N and 17%Cr—4%Mn—6.5%Ni—0.05%N.
Delta-ferrite contents in ingots were increased with the increase of Cr contents and were decreased with the increase of Ni and Cu con-

15%Cr—4%Ni-8%Mn-0.12%N, 17%Cr-4.5%Ni-3.5%Mn-0.3%Mo—

tents, and the each tendency in these alloying elements was almost equal regardless of types of steel, moreover the effect of Mo was the same
as Cr. On the top of that, the relationship between Mn and delta-ferrite contents could be approximated by quadratic function. And different
Mn contents in each type of steel produced different minimum delta-ferrite contents. Therefore it was obtained that the role of Mn, austenite
or ferrite former, was changed by the balance between other alloying elements.

In some steels, martensite in solidification structures increased with the decrease in Ni, Cu and Mn contents. Finally, in Cr-Mn-Ni
austenitic stainless steels, the predictable equation of delta-ferrite contents in ingots, Cr and Ni equivalents were obtained by regression
analysis between compositions and delta-ferrite contents.

Key words: Cr—Mn—Ni austenitic stainless steel; solidification structure; delta-ferrite; Ni equivalent; Cr equivalent; constitution diagram.
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Cr-Mn-NiA+ — 27+ 4 FRZAF VL ZAFOBERES-RITTAETEZ0OME

Table 1. Chemical compositions. (mass%)

series C Si Mn Ni Cr Mo Cu N

Steel A Base 0.075 0.27 9.54 1.21}| 14.43 | <0.01 1.87 | 0.153

Min. 0.075 0.26 0.35 0.01| 14.43 | <0.01 0.01| 0.122

Max. 0.088 0.33 | 19.08 3.05| 16.91 | <0.01 3.94 | 0.153

Steel B Base 0.051 0.45 7.71 4.03 | 15.21 | <0.01 1.62 | 0.056

Min. 0.042 0.44 0.10 0.01| 15.21 | <0.01 0.01 ] 0.042

Max. 0.050 0.50 11.76 6.06 | 18.15| <0.01 4.00 | 0.060

Steel C Base 0.048 0.47 7.88 3.96 | 15.23 | <0.01 1.50 | 0.116

Min. 0.044 0.45 0.08 0.01| 15.23 | <0.01 0.01 0.107

Max. 0.051 0.51| 11.66 6.02 | 18.04 | <0.01 3.99 1 0.135

Steel D Base 0.061 0.54 3.62 4.55 | 17.32 0.27 257 | 0.114

Min. 0.055 0.53 0.16 3.09 | 15.07 0.08 0.90 | 0.084

Max. 0.063 0.62 5.94 7.05 | 18.93 0.95 4.11] 0.114

Steel E Base 0.057 0.43 3.97 6.50 [ 17.15| <0.01 2.03 | 0.052

Min. 0.053 0.43 0.02 443 | 15.14 | <0.01 0.01] 0.039

Max. 0.066 0.49 6.12 9.02 | 18,98 | <0.01 4.01 | 0.053
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Fig. 1. Schematic illustrations of ingot; (a) ingot, (b) cross
section of specimen 1.
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Fig. 2. Scatter of measured ferrite content to average fer-
rite content in ingots.
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Fig. 3. Effect of Mn on microstructure of ingot in Steel B series.
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Fig. 4. Effect of Mn on microstructure of ingot by differential interference microscopy in Steel B series
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Fig. 5. Effects of Cr, Ni, Mn, Cu and Mo on ferrite content in ingots of Cr—Mn—Ni austenitic stainless steels.
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Fig. 7. Constitution diagrams of ingots in Cr—-Mn—Ni austenitic stainless steels.
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Table 2. Various Ni equivalents and Cr equivalents.

Nieq Creq
C N Ni Mn Cu Si Cr Mo
Schaeffler? 30 - 1.0 0.5 - 1.5 1.0 1.0
DeLong® 30 30 1.0 0.5 - 1.5 1.0 1.0
Hull'® 245 | 184 1.0 *1 0.44 | 0.48 1.0 1.21
Hammar!? 22 14.2 1.0 0.31 1.0 1.5 1.0 1.37
This work 41 36 1.0 *2 0.20 1.1 1.0 0.72

*1:0.11Mn—0.0086Mn2 * 2 : 0.013Mn—0.0041Mn2
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Table 3. Relationships between ferrite content and Mn.

Series ferrite(%)=a(Mn—b)2+c

Steel A | ferrite(%)=0.0057(Mn—3.0)2+0.51
Steel B | ferrite(%)=0.21(Mn—9.0)2+6.6
Steel C ferrite(%)=0.016(Mn —2.6)2+0.58
Steel D | ferrite(%)=0.17(Mn—5.0)2+7.2
Steel E | ferrite(%)=0.081(Mn—3.4)2+6.0
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Fig. 8. Effects of Ni;™V/Cr,, on coefficient of a and b.
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