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ABSTRACT FeCrCo permanent magnet alloys draw wide attention because of their excellent machin-
ability. These alloys can be deformed and extruded into thin wires or sheets for various applications, such
as electric motors, telephone receivers, printers, and stereo cartridges. In these alloys, the content and
distribution of Cr play an important role in improving their magnetic and hardness properties. To optimize
both properties of these alloys, the effect of Cr must be studied. This study describes the effect of Cr con-
tent on microstructure, i.e., volume fraction, size, and composition of a, and «, phases in (84 - X)FeX-
Cr15Co1Si (X = 20, 25, 30, 35, mass fraction, %) samples using atomic-resolution STEM. The effect of
microstructure parameters on both Vickers hardness and magnetic properties was evaluated. STEM im-
ages showed that the average size of the a, phase increased from 26 nm to 55 nm with an increase in Cr
content from 20% to 35%. When the content of Cr increased from 20% to 25%, the volume fraction of the
a, phase increased by 12%, and when the content of Cr increased beyond 25%, the volume fraction re-
mained the same. EDS results showed that with the increase of Cr content, in the (Fe-Co)-rich «, phase,
the content of Fe decreased, whereas the contents of Cr and Co increased. By contrast, in the Cr-rich a,
phase, the contents of Fe and Co decreased but the content of Cr increased. After step aging, hardness
increased because of spinodal decomposition and continued to increase with an increase in Cr content.
Remanence, coercivity, and magnetic energy product reached their maximum values when the content of
Cr was at 25% and decreased as the content of Cr increased. The dependence of magnetic properties on
the size, volume fraction, composition of «, phase, and difference in composition between «, and o, phas-
es was discussed. The mechanism for hardening was also discussed, which increased with the Cr con-
tent.
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Fig.1 Schematic of solution treatment, annealing, and step aging of FeCrCoSi samples

=1 A Cr & & H) FeCrCoSi it ie S H 28 i AR AL B 5 K g 5

Table 1 Description of FeCrCoSi samples with different contents of Cr after different heat treatments

Heat treatment 64Fe20Cr15Co1Si 59Fe25Cr15ColSi 54Fe30Cr15ColSi 49Fe35Cr15ColSi
Solution treatment 20Cr-ST 25Cr-ST 30Cr-ST 35Cr-ST
Step aging 20Cr-SA 25Cr-SA 30Cr-SA 35Cr-SA
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aged (b) FeCrCoSi samples with different
contents of Cr
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Fig.3 HAADF images (al-dl) and size distributions of a, phase (a2-d2) of spinodal decomposition after step aging in
samples 20Cr-SA (al, a2), 25Cr-SA (b1, b2), 30Cr-SA (c1, ¢2), and 35Cr-SA (d1, d2)
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Table 2 Parameters of magnetic properties, sizes and volume fractions of «, phase, compositions of @, and a, phases, and to-
tal values of absolute composition difference of Fe, Cr, Co, and Si between «, and a, phases of step-aged FeCrCoSi
samples with different contents of Cr

Sample Da. Magnetic property Mass fraction / % Va,
nm Br H BH, C., Ce, AC, %

T kA'm'  kJ'm”
20Cr-SA  26+4.1 0.61 10.2 1.67  69.3Fel2.9Cr16.9C00.9Si 49.6Fe36.5Cr12.0Col.9Si 49.2 54
25Cr-SA  30+£6.0 0.84 41.7 13.69  67.2Fel1.8Cr20.3C00.7Si  38.5Fe51.9Cr8.1Co1.5Si  81.8 60
30Cr-SA  33+£57 0.64 353 6.92  60.1Fe16.4Cr22.9C00.6Si  33.6Fe56.2Cr8.1C02.1Si  82.6 62
35Cr-SA  55+£89 0.30 14.5 1.11 57.4Fel9.1Cr23.2C00.3Si  31.3Fe60.7Cr6.8Col1.2Si  85.0 61

Note: D, —average size of @, phase; Br—remanent magnetization; H/—coercivity; BH,,—maximum magnetic energy prod-

uct; €, —composition of a, phase; €, —composition of a, phase; AC—total value of absolute composition difference

of Fe, Cr, Co, and Si between o, and a, phases; V, —volume fraction of &, phase

Color online

4 10HF 35Cr-SA IMIRALZE[001]77 [ (¥ HAADF (&

Fig.4 HAADF images of spinodal decomposition of sample 35Cr-SA, as viewed along [001] direction (The upper insets
show fast Fourier transform (FFT) of Figs.4a, b, and c, respectively. The lower insets show the intensity profile of
values taken along the lines AB, CD, and EF, respectively)
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Fig.7 Superimposed EDS maps of Fe, Cr, Co, and Si after step aging in samples 20Cr-SA (a), 25Cr-SA (b), 30Cr-SA (c), and

35Cr-SA (d)
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Table 3 Parameters of E, ¥, AC_, AC_,, and AC, of sam-
ples 20Cr-SA-35Cr-SA

Sample E/GPa Y/GPa AC. /% AC. /% ACy/%

20Cr-SA 223 333 24 2 1

25Cr-SA 226 338 40 12 0.8
30Cr-SA 229 342 40 15 1.5
35Cr-SA 233 348 42 16 0.9

Note: E—Young’s modulus, Y—elastic constant, AC,—
composition difference of Cr between Cr-rich and
Cr-poor regions, AC.—composition difference of
Co between Co-rich and Co-poor regions, ACy—
composition difference of Si between Si-rich and Si-

poor regions
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Fig.8 Average amplitudes (a) and wavelengths (b) of
spinodal decompositions in step-aged samples
with different contents of Cr
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