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Abstract

Microstructural and magnetic properties of nanocrystalline Fe-46 wt%Ni and Fe-36 wt%N!i alloys were inves-
tigated. Alloys were prepared by the electrodeposition process. The electrolytes were iron sulfate/nickel chlo-
ride-based and iron chloride/nickel sulfamate-based solutions. Fe-46 wt%Ni alloy was FCC structure with
grain size of 10 nm, but FCC and BCC phases were found in Fe-36 wt%Ni alloy and its grain size was
smaller. Effective permeability of Fe-36 wt%Ni alloy was higher than that of Fe-46 wt%Ni alloy in the high
frequency range because of large electrical resistivity and small eddy current loss resulted from grain size
decrease. Up to 300°C of annealing temperature, grain growth of Fe-Ni alloys slowly occured. Conversely,
annealing above 450°C led to a drastic grain growth. In that case, effective permeability was decreased at
the temperature lower than 300°C but at 300°C or higher effective permeability was increased. At the high
frequency of 1 MHz, electrodeposited Fe-Ni alloys had higher effective permeability with an decrease in
the grain size.
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Fig. 1. Schematic diagram of electrodeposition apparatus.
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Fig. 2. Schematic diagram of ferrite core method for
permeability measurement.
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Fig. 3. XRD patterns of electrodeposited Fe-Ni alloys.

Table 1. Grain size of electrodeposited Fe-Ni alloys

Sulfate- Chloride- Chloride-
chloride sulfamate sulfamate
Fe-46 wt%Ni | Fe-46 wt%Ni | Fe-36 wt%Ni
a1n 9.5 nm 10.1 nm 4.0 nm
(200) 4.4 nm 4.6 nm 3.3 nm
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A 1 wave length
t : the mean dimension of the crystallites
B : the half width on the 20 scale in radians
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Fig. 4. Permeability variation of frequency of electrode-
posited Fe-Ni alloys (Ferrite Core Method).
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Fig. 5. Permeability variation of frequency of electrode-
posited Fe-Ni alloys (Figure 8 method).
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k : Boltzmann's constant
T, : Curie temperature
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Fig. 7. Grain size as a function of annealing temperature.
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Fig. 6. DTA curves of electrodeposited Fe-Ni alloys. alloys annealed at high temperature.



3P &J/=EH TS 36 (2003) 455-460 459

AR A AH 2A59T Y ARAe AL=
Scherrer 2l°] AAY 7S AAs =Y o& &4
AT, 2AY 277} AN o] AL Hes) B
&et7] Wizo|tt?. 1y 8 %
2} g3o ER ARRlolh,

Ao EXE Ao

29 99k 27 102 dAE AF FEo £
100 kHz8t 1 MHzolA &34 3 Zlojt}h WA
F23lthrt o]

de F7lete AL 2 5 Ut ole 24YE =2

7} 80~150 nm Rt} 2 -, flellA A
2 UyeZFdgd gFelA 2RAY 277 FUsta
78| A o] hAhste Aol AhseE FoR
Azrgict. olHth ZA Yol AF Aew dvrE<d
AR Aoe] Ho] AAHo] E4E FAR | Ttk
Aolth ¥ALS 100 kHzl A 233 A3 AL
G Ao A= chloride-sulfamate &8 A}&3F 46
wt%Ni o] Azt AejolA A 37000]1Ath

821 <}
E o} Fxkgo] 450°C ZA A= 7
_‘5r1
7]

6000

- Chloride-Sulfamate, 36wt% Ni
1-—@ Chloride-Sulfamate, 46wt% Ni
5000 |~ Sulfate-Chloride,  46wt% Ni

4000

:\ A

TN

1000

Permeability

—
0 200 400 600 800 1000
Annealing Temperature (°C)

Fig. 9. Permeability as a function of annealing temperature
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