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Microstructure, Magnetic Permeability and Electric Resistivity
of High Manganese-Chromium-Nickel Steel

Hirofumi YosuiMura, Takaharu Suimizyu, and Nao’omi YAMADA

Synopsis:

In order to investigate the austenitic steel with the non-magnetic characteristics, microstructures,
mechanical properties, magnetic permeability and electric resistivity of manganese-chromium-nickel
steels with much amount of manganese as an austenitizing element have been examined. The results
obtained are as follows.

It was found that composition range showing stable austenite phase lays on the higher content side
of the line connecting approximately 10Mn-10Cr and 20Mn-OCr in Mn-Cr-19, Ni phase diagram.
This composition range moved to the line connecting approximately 20Mn-10Cr and 23Mn-0Cr in the :
case of cold rolled steel plate. High toughness and magnetic permeability (x) under 1.01~1.02 were *
obtained in the steel with complete austenite phase. Magnetic permeability markedly increased by i\
small amount of martensite in austenite phase. Therefore, it is necessary that nonmagnetic steel have
complete austenite phase. The relationship between electric resistivity (p) and alloying element; J
manganese, chromium, nickel, silicon in austenite phase, can be written as p=1.27 [9,Mn]+0.66
[96Cr] +1.62[25Ni]1+5.90[9,Si1+36 (1 Q-cm). From the above results, 25Mn-5Cr-1Ni steel may be
selected as an optimum composition from the view points of stable austenite, high toughness, non-
magnetism and suitable electric resistivity.
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Table 1. Chemical composition range of
experimental steels (95).

(1) For the influence of  {2) Other element

alloying element. C :0.09~0.16

Mn : 5.0~26.0 P :0.002~0.046
Cr:0~15.0 S :0.002~0.013
Ni: 0~6.0 Nb : Tr~0.17
Si:0.1~5.2 Al : 0.008~0.31

N : 0.049~.0.086
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Fig. 1. Strength and toughness of manganese-
chromium-nickel steel.
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Table 2. Typical example of chemical composition in experimental steels.

Marks Alloying system C Si Mn P S Cr Ni Al N
A 11Mn-5Cr-1Ni 0.14 | 0.31 | 10.78] 0.005| 0.011| 5.13 | 0.96 | 0.03 | 0.059
B 16Mn-3Cr-1Ni 015 | 031 | 16.30| 0026 | 0.008| 2.99 | 1.09 | 0.03 | 0.072
C 90Mn-0Cr-1Ni 0.15 | 0.31 | 20.40 | 0.002 | 0.008 | — 0.82 | 0.03 | 0.035
D 20Mn-3Cr-1Ni 0.13 | 0.31 | 19.60| 0.026| 0.010 | 2.90 | 1.09 | 0.04 | 0.013
E 93Mn-0Cr—1Ni 0.14 | 0.30 | 23.10| 0.002| 0-009 | — 0-98 | 0.03 | 0.028
. 0.02
F 95Mn-5Cr-1Ni 0.15 | 0.40 | 25.50 | 0.046 | 0.010 | 5.00 | 1.10 L' es| 0.086
G 95Mn-5Cr-1Ni-58i| 0.16 | 5.13 | 25.00 | 0.019 | 0.009 | 4.73 | 1.08 bﬂgt?io 0.079

16Mn-3Cr-1Ni

20Mn-3Cr-1Ni

25Mn-5Cr-1Ni

Photo. 1. "Microstructure of manganese-chromium-nickel steel. (x200)
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