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Effect of Aluminum and Silicon on Magnetic Properties and Microstructures
of Fe-Cr-Ni—-C-Al and Fe—Cr-Ni—C-Si Alloys

Shin-ichiro YOKOYAMA, Tsutomu INUI, Yoritoshi MINAMINO and Nobuhiro TSuil

Synopsis : The magnetic properties and microstructures of Fe—17.5mass%Cr-2.0mass%Ni—0.5mass%C-a mass%Al - (¢=0.04-2.38) and Fe-
17.5mass%Cr-2.0mass%Ni—0.5mass%C—a mass%Si (a=0.18-1.94) alloys were investigated in order to develop a magnetic material exhibit-

ing high electric resistivity and softmagnetism when annealed at low temperatures, and paramagnetism when dissolution treated at high tem-

perature. The addition of Al or Si was effective in increasing the electric resistivity, and improving the softmagnetism of the alloys step-an-
nealed at 1053K and 923K. The improvement of the softmagnetism was discussed from the increase in the transformation temperature and
variation of the microstructures. In the lower Al or Si content (=0.7% Al or 1.6% Si), the alloys consisted of (+7y +M,;C;) phases at
1053K, the first annealing temperature. The mole fraction of the ¥ phase decreased with increasing Al or Si content because of the increase
in the A, temperature. This change caused the decrease in the dislocation density due to the ¥ — ¢’ transformation, and resulted in the im-

provement of the softmagnetism. On the other hand, most of the alloys were transformed to the paramagnetic ¥ phase by dissolution treat-
ment at 1473K. However, ‘the higher Al content alloys (1.91% Al) consisted of (y + ) phases, and exhibited higher relative permeability
than the others. This phéhomenon was also interpreted from the increase in the transformation temperature with increasing Al content.

Key words: electric resistivity{ -‘sé'ﬁmagnetism; paramagnetism; microstructure; Fe—Cr—Ni—-C—Al alloy; Fe-Cr—-Ni—C-Si alloy; aluminum; silicon; trans-

formation temperature; dislocation density; M,,Cg; grain size.
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Table 1. Chemical compositions of the materials (mass%).

No. C Si Mn N1 Cr Al Fe Note

#1 0.50 0.18 0.46 2.00 17.70 0.04 Bal. Base alloy

#2 0.50 0.19 0.47 2.00 17.76 0.47 Bal.

#3 0.51 0.19 0.47 2.00 17.76 0.96 Bal.

#4 0.51 0.20 0.47 1.99 17.76 1.48 Bal. Effect of Al

#5 0.51 0.20 0.49 2.00 17.67 1.91 Bal.

#6 0.51 0.19 0.51 1.98 17.76 2.38 Bal.

#7 0.51 0.44 0.47 2.02 17.56 0.02 Bal.

#8 0.50 0.91 0.48 1.99 17.54 0.02 Bal. .

#9 | 050 | 144 | 048 | 1.09 | 17.55 | 0.01 | Bal | PtiectofSi

#10 0.50 1.94 0.48 1.98 17.60 0.01 Bal.
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Fig. 1. Schematic diagrams for the heat treatments: (a) an-
nealing pattern to soften the samples, (b)~(d) an-
nealing patterns to test the samples, (e) solution
treatment for the samples.
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Fig. 2. Effect of aluminum or silicon content on the elec-
tric resistivity of the Fe~17.5mass%Cr-0.5mass%C-
2.0mass%Ni—a mass%X (X=Al, Si) alloys annealed
at the condition shown in Fig. 1b.
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Fig. 3. Effect of aluminum or silicon content on the DC
magnetic properties of the Fe-17.5mass%Cr—
0.5mass%C-2.0mass%Ni—a mass%X (X=Al, Si)
alloys annealed at the condition shown in Fig. 1b.
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Fig. 4. X-ray diffraction patterns of the Fe—17.5mass%Cr—
0.5mass%C-2.0mass%Ni—a mass%X (X=Al, Si)
alloys annealed at the condition shown in Fig. 1b:
(a) a=0, (b) a=0.96 (X=Al), (c) a=1.48 (X=Al),
(d) a=1.91 (X=Al), (¢) a=0.91 (X=8i), (f) a=
1.94 (X=Si).
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Fig. 5. SEM micrographs of the Fe—17.5mass%Cr—0.5mass%C—2.0mass%Ni~a mass%X (X=Al, Si) alloys annealed at the condi-
tion shown in Fig. 1b: (a) a=0, (b} @=0.96 (X=Al), (c) a=1.48 (X=Al), (d) a=1.91 (X=Al), (e) a=0.91 (X=Si), ()

a=1.94 (X=Si).
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Fig. 6. Effect of aluminum or silicon content on the trans-
formation temperatures.
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Fig. 7. Effect of aluminum or silicon content on the mole
fraction of ¢, ¥ and M,,C, phases at 1053K calcu-
lated by thermo-calc.
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Fig. 8. Re-annealing temperature dependence of the coer-
cive force of the Fe—17.5mass%Cr—0.5mass%C—
2.0mass%Ni—amass%X (X=Al, Si) alloys an-
nealed at the condition shown in Fig. 1d.
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Fig. 9. TEM micrographs of the Fe—17.5mass%Cr—0.5mass%C—2.0mass%Ni—a mass%X (X=Al, Si) alloys annealed at the condi-
tion shown in Fig. 1d. (a)—(c) After the first annealing treatment at 1053K: (a) a=0, (b) a=0.96 (X=Al), (c) a=0.91
(X=S8i). (d)—(f) After the re-annealing treatment at T (K): (d) a=0, 7=848, (¢) a=0.96 (X=Al), T=873, (f) a=0.91

(X=Si), T=873.
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Fig. 10. Effect of aluminum or silicon content on the rela-
tive permeability of the dissolution treated Fe-
17.5mass%Cr—0.5mass%C-2.0mass%Ni—a mass
%X (X=Al, Si) alloys.
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Fig. 11. X-ray diffraction patterns of the dissolution treated
Fe—17.5mass%Cr—0.5mass%C-2.0mass%Ni—a
mass%X (X=Al, Si) alloys: (a) a=0, (b) a=0.96
(X=Al), (c) a=1.91 (X=Al), (d) a=1.94 (X=Si).

Fig. 12. Microstructures of the dissolution treated Fe—17.5mass%Cr—0.5mass%C-2.0mass%Ni—a mass%X (X=Al, Si) alloys: (a)
a=0, (b) a=0.96 (X=Al), (¢) a=1.91 (X=Al), (d) a=1.94 (X=5i).
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