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Magnetic Properties of Fe-Cr—C and Fe—Cr-C-Ni Alloys

Shin-ichiro YOKoyaMA and Tsutomu INUI

Synopsis

: Structures and magnetic properties of Fe—17.5mass%Cr—0.5mass%C and Fe—17.5mass%Cr—0.5mass%C—zmass¥%Ni (z=1-2.4) alloys were

studied. The Fe-17.5mass%Cr-0.5mass%C alloy consisted of ferromagnetic « and M,;C, phases when annealed at temperatures below the
A; temperature, and showed good soft magnetic properties with a high relative permeability. On the other hand, the solution treatment of the
alloy resulted in the formation of paramagnetic y phase with a low relative permeability. However, the relative permeability of the alloy in-
creased as the temperature decreased. This was due to the transformation from the ¥ phase to the ferromagnetic o' phase. The addition of Ni
to the Fe—17.5mass%Cr—0.5mass%C alloy lowered the transformation temperature, Ms, and stabilized the paramagnetic y phase. The anneal-
ing of the Fe-17.5mass%Cr~0.5mass%C—zmass%Ni alloys also resulted in the formation of ferromagnetic o and M,,C phases, and showed
soft magnetic properties. However, the soft magnetic properties of the Fe—17.5mass%Cr—0.5mass%C—zmass%Ni alloys were slightly inferior
to those of the Fe—17.5mass%Cr—0.5mass%C alloy, mainly due to the smaller grain size of the Fe—17.5mass%Cr—0.5mass%C—zmass%Ni al-
loys. It was found that the soft magnetic properties of the Fe—17.5mass%Cr—0.5mass%C—zmass%Ni alloys were significantly dependent on
the residual stress. The soft magnetic properties of the optimally annealed Fe—17.5mass%Cr—0.5mass%C—zmass%Ni alloys were superior to

those of the commercial Fe—18mass%Cr—8mass%Ni alloy.

Key words: magnetic property; Fe-Cr—C; Fe—~Cr—C-Ni; Ms point; M,,C,; residual stress.
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Table 1. Chemical compositions of the samples (mass%).

No. c Si | Mo | Ni Cr Fe Note
#1 0.50 0.16 0.46 - 17.47 Bal.
#2 0.51 0.18 0.52 1.01 17.60 Bal.
#3 0.51 0.18 0.52 1.51 17.59 Bal. Effect of Ni
#4 0.51 0.18 0.52 1.97 17.67 Bal.
#5 0.51 0.18 0.52 2.44 17.58 Bal.
A comparative
#6 0.03 0.22 0.43 8.42 18.01 Bal. R
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Fig. 1. Schematic diagrams for heat treatments in this

study.

(a) Annealing patterns to soften the samples #1~#5
(b) Annealing patterns to test the samples #1~#5
(c) Annealing patterns to test the sample #4

(d) Solution treatment for the samples #1~#5
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Fig. 2. Comparison of DC B—H properties.
(a) An annealed Fe—17.5%Cr—0.5%C alloy (an-
nealed at the condition shown in Fig. 1(b))
(b) A cold rolled Fe-18.0%Cr—8.4%Ni alloy (re-
duction of 50%)
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Fig. 6. Micrographs of solution treated Fe—17.5%Cr-0.5%C-z%Ni alloys.
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Fig. 12. Effect of the second annealing temperature on
TEM images of an annealed Fe—17.5%Cr-0.5%C—
2.0%Ni alloy.

(a) after the (A,) treatment shown in Fig. 1(c)
(b)~(d) after the (A,) treatment shown in Fig.
I(c): at xK for 1h: (b) x=773, (c) x=848, (d)
x=923
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