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Abstract: To reduce the Curie temperature of iron-nickel soft magnetic alloy materials and improve their
temperature applicability in the field of smoke heating, powder metallurgy is used to prepare iron-nickel
alloy soft magnetic materials. The alloy powder of different components is pressed by ball grinding mixture
and vacuum sintering at 1380 °C and 1400 “C. The influence of Cr addition on the tissue properties of FeNi
alloy is analyzed by X-ray diffractometer (XRD) , electron probe microanalyzer, soft magnetic DC B-H
meter, and PPMS. The results show that the samples produced at a sintering temperature of 1400 °C have a
uniform and dense organization with better comprehensive magnetic and electrical conductivity. The
magnetic performance of soft magnetic materials is closely related to the composition. The addition of Cr
improves the density and hardness of FeNi alloys, together increases the resistivity of FeNi alloys, while
decreases the magnetic permeability and the Curie temperature significantly.
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Table 1 Compositional design of test materials

(mass fraction/ %)

Serial number 1550 Cr
A 100 0
B 99.5 0.5
C 99 1
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Fig.2 Backscattering diagrams of different groups of alloys at 1400 °C sintering temperature

(a)group A samples; (b)group B samples; (¢)group C samples
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Fig.3 Distribution of different elements in group C samples at 1400 °C sintering temperature
(a)Fe; (b)Ni;(c)Cr
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Fig.4 Elemental mapping of group C samples

sintering at 1400 ‘C
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Table 2 Elemental content of group C samples at 1400 °C

sintering temperature (mass fraction/ % )

Spectrogram Cr Fe Ni

1 0.99 52.40 46.61
2 1.04 49.91 49.05
3 0.91 50.82 48.28
4 0.94 50.12 48.93
Average 0.97 50.81 48.22
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Fig.5 Metallography of group A samples at 1380 ‘C(a) and 1400 ‘C(b) sintering temperature
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Fig.6 Metallography of different groups of alloys at 1400 °C sintering temperature

(a)group A samples; (b)group B samples; (¢)group C samples
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Table 3 Relative density of samples at different

sintering temperatures

Relative density/ %

Serial number

1400 °C 1380 °C

94.76 94.16
B 97.10 96.26
C 97.04 96.52
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Table 4 Rockwell hardness of samples at different sintering
temperatures (HRA)

Serial number 1400 °C 1380 °C
A 27.8 31.8
B 42.5 41.8
C 40 45.5
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Fig.7 Hysteresis lines of group A samples at 1400 ‘C

sintering temperature
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Table 5 Soft magnetic properties data for iron-nickel

soft magnetic alloys

Sintering

w/ ™ H,/
temperature- . _,, BJ/T .
. . (mHm™ ") (mH-m ') (Am ")
ingredient
1400 C-A 2.244 5.267 1.458 19.99
1380 C-A 1.885 3.493 1.332 11.04
1400 ‘C-B 1.326 3.613 1.414 19.75
1380 °C-B 1.169 2.893 1.242 40.50
1400 ‘C-C 1.032 2.371 1.386 27.16
1380 °C-C 1.018 2.292 1.173 40.74
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Fig.8 M-T curves of Fe-Ni alloy samples with different compositions
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Fig.9 Resistivity data for samples of different compositions at

different sintering temperatures
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Table 6 Conductivity data of samples at different

sintering temperatures

Conductivity/(10° S+m™")

Serial number

1400 °C 1380 °C
A 1.706 1.606
B 1.655 1.568
C 1.596 1.560
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