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Effects of Alloying Elements on the Magnetic Properties of High

Manganese Non-magnetic Steels

Osamu SAEKI, Hisashi TAKADA, Masatoshi SUuDO, and Tsuguaki OHK1

Synopsis :

Effects of C, Mn, Ni, Si, and N on structural changes and magnetic properties of cold-worked and
heat-treated high manganese non-magnetic steels were studied by means of optical and transmission-
electron microscopy, X ray diffraction, magnetic measurement, and Mossbauer spectroscopy.

Additions of C, Mn, Ni, and Si restrain increase in permeability with cold working. Additions of C
and Si accelerate increase in permeability with isothermal annealing at 600°C, and those of Mn and

Ni restrain this increase.
appearance of strain-induced martensite.

The increase of the permeability with cold working corresponds to the
The increase of the permeability with isothermal annealing

at 600°C is considered to be caused mainly by the ferrite among the pearlitic constituent precipitates.
When the amount of ferrite is over 29, the permeability is above 1.1.

From these results, it is found that the permeability of steels containing optimum alloying elements
such as 0.652,C, 149,Mn, 29,Cr, and 2%Ni remains at a low level under cold working and heat

treatment.
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Table 1. Chemical composition of steels used.

Steel c Si Mn )4 s Cr Ni N
M1l 0.51 0.56 14.40 0.029 0.004 2.16 - 0.013
M 2 0.54 0.58 13.40 0.028 0.003 2.22 - 0.014
M 3 0.48 0.60 12.00 0.026 0.004 2,18 - 0.017
M4 0.54 0.57 10.40 0.026 0.004 2.18 - 0.013
¢l 0.25 0.63 13.84 0.027 0.021 2.04 - 0.043
C2 0.64 0.66 13.80 0.026 0.003 2.31 - 0.026
cC3 0.75 0.69 14.05 0.028 0.022 2.13 - 0.036
N1 0.75 0.69 13.85 0.027 0.049 2.08 - 0.036
N 2 0.53 0.20 14.24 0.027 0.027 2.08 1.04 0.027
N3 0.60 0.62 13.44 0.035 0.003 2.0l 2.00 0.032
N 4 0.74 0.62 13.84 0.028 0.026 2.04 3.16 0.031
51 0.60 0.30 13.90 0.027 0.001 2.04 - 0.017
S2 0.70 1.34 14.40 0.026 0.001 2.06 - 0.018
S 3 0.72 2.60 14.80 0.027 0.002 2.04 - 0.018
S 4 0.70 3,51 14,50 0.024 0.001 2.02 = 0.019
N A 0.40 0.61 11.16 0.023 0.010 3.79 - 0.075
N C 0.41 0.62 14.00 0.023 0.009 2.14 - 0.059
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Fig. 1. Effect of cold working on permeability

of high manganese steels having various chemical
composition.
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Fig. 2. Relationship between permeability after
cold-worked 109, and Md,,, Ni equivalent.
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function of strain.
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H;aat treamcnt;‘a) 60(;°(;><10min, b) 600°VC><50min, Tehote. BRTRY 7 AD T &*jﬁﬁﬂt%@ Eé}"
¢) 600°C:x 100min, d) 600°C X 1.000min. MEITEA HRisy . Photo. 3 1 600°C iz 1000 min {7

Photo. 1. Optical micrographs of S3. Bk S3 OB BEEMBEEL AT, a) 2y

a’) bright field image, b) dark field image of M33C¢ (133) Spot in d),
¢) diffraction pattern of area shown in a), d) indexed pattcrn of c).
Photo. 2. Transmission electron micrographs of S3 specimen heat treated at 600°C for lO min.
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a) bright field image , b) dark field image of « (110) spot in e), c) dark field image of M;3Cs (331)
spot in €), d) diffraction pattern of center area in a), e) indexed pattern of d).
Photo. 3. Transmission electron micrographs of S3 Specimen heat treated at 600°C for 1000 min.
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Fig. 6. Mgssbauer spectra of a) FesC b) ex-
tracted residue of S3 held at 600°C for 1 000 min.
¢) S3 held at 600°C for 1000 min.
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Fig. 7. Magnetization curves of heat-
treated S3 at 600°C.

o

[+ ]

~ o
T T

Amount of ferrite (%)
N

010 50 100 1000
Time (min)
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