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Abstract Ni-Mn-Zn ferrite, Ni,; Mn,Zn,sFe,0, (0 <x<0.5), was synthesized using the sol-gel method to investigate the
crystal structure, microstructure, magnetic properties, high-frequency characteristics, and electromagnetic (EM) wave
absorption characteristics as a function of Mn substitution. As the Mn content increased, a continuous decrease in saturation
magnetization (Mg) was observed with little change in coercivity (Hc). Samples for each composition (x) exhibited strong
EM wave absorption performance with first and second strong EM wave absorption regions satisfying minimum reflection
loss, RL,;,, <—40dB in the 1.5~2.5, 6~11 GHz range, respectively. The EM wave absorption in Ni-Mn-Zn ferrite depends
on magnetic loss, and adjusting p’ and p” spectra by Mn substitution or H field allows control of the EM wave absorption
frequency.
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Fig. 1. XRD patterns of Ni,s Mn,Zn,Fe,O, powders with
x=0, 0.1, 0.2, 0.3, 0.4, and 0.5, calcined at 1300°C.
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Figure 32 Niys MnZn,Fe,0,(x=0, 0.1, 0.2, 0.3,
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Sample composition, average grain size (d,), lattice parameter (a), unit cell volume (vol.), saturation magnetization (Mg) and coercivity

(H,) of the Ni-Mn-Zn ferrites

Composition X d, (um) a(A) Vol. (A%) M, (emu/g) H (Oe)
Ni, .Zn, Fe,0, 0 29 8388 590.2 763 203
Ni, Mn, Zn, ;Fe,0, 0.1 27 8391 590.9 73.0 206
Ni, ,Mn, ,Zn, .Fe,0, 02 37 8405 593.7 68.8 243
Ni, ,Mn, ,Zn, .Fe,0, 0.3 25 8.406 593.9 67.1 26
Ni, \Mn, ,Zn, .Fe,0, 0.4 3.1 8414 595.7 60.6 205
Mn, Zn, Fe,0, 0.5 1.0 8415 596.0 46.9 233
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Fig. 2. SEM micrographs with low (a~f) and high magnification (g~I) of Ni,s_ Mn,Zn,Fe,0, (x=0, 0.1, 0.2, 0.3, 0.4, and 0.5)
samples calcined at 1300°C.
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Figure 4(a), 4(b)= Niys_ MnZn,sFe,0,(x=0, 0.1,
0.2, 0.3, 0.4, and 0.5) powder-epoxy(10 wt%) composites
A7 B4 AL, e B4 FAE(u, n") spectra
£ HoFE fHE&e Aa(e) spectra(Fig. 4(a))=
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Fig. 3. M-H curves of Niy; Mn,Zn, ;Fe,O, samples with x =0,
0.1, 0.2, 0.3, 0.4, and 0.5, calcined at 1300°C.
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Fig. 4. (a~d) Real and imaginary part of permittivity and permeability of Ni,s Mn,Zn,Fe,O, (x=0, 0.1, 0.2, 0.3, 0.4, and 0.5)
powder-epoxy (10 wt%) composites.
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Table 2
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Maximum imaginary part of permeability (u",,,), frequency at the maximum p” (f,

1" max.
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), first and second minimum reflection losses

(RL,;1» RL,,i0)> and thicknesses at the RL;;, RL,,,.» points (d,, d,) of the composites
a4y " '’ max RLminl fRLminl dl RLminZ fRLminZ d2
Composition x ax  (GHz)  (dB (GHz)  (mm)  (dB (GHz)  (mm)
NijsZn,sFe,0, 0 3.49 0.46 —65.7 2.34 6.64 -46.2 10.57 3.74
Ni, ,Mn,,Zn, sFe,0, 0.1 3.57 0.46 -50.8 2.16 7.64 -50.2 9.50 436
Niy3sMn,,Zn, sFe,0, 0.2 3.57 0.55 —44.0 1.98 7.68 -51.3 8.96 4.64
Ni,,Mn,;Zn, sFe,O, 0.3 2.70 0.73 —47.7 2.34 7.39 -45.2 8.96 4.59
Ni, ;Mn, ,Zn, sFe,0, 0.4 3.50 0.37 -55.9 1.80 8.48 -49.9 7.98 5.17
Mn,sZn,sFe,O, 0.5 2.28 0.37 -52.1 1.71 10.86 -43.6 6.19 6.21
10 3
——H=0
(a) —H=100 (b)
——H=200
——H=300 -
8 ——H=400 <
s :w e
6 M
il 0
R : 3 J e 9 5 'IU
10° 10° 10" 10 10 10
f(Hz) J(Hz)
' —H=0
——H=100

(¥}

10°

10" 10°

J(Hz)

Fig. 5. (a~d) €/, €", i, and p"” spectra (100 MHz < f < 18 GHz) of Ni,sZn,sFe,O, (x =0) powder-epoxy (10 wt%) composites under
applied magnetic field H=0, 100, 200, 300, and 400 Oe.
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Figure 6(a~°lA= Ni,s Mn Zn,Fe,0,(x=0, 0.1,
0.2, 0.3, 0.4, and 0.5) powder-epoxy(10 wt%) A]ElA]
Mne] X8 xo| w2 RL mape] WHSIE & 4 Ur}.
| 35402 RL<-10dBS =3l npg

== }\]E

a1 S
Z A Ad g9 FE-9elE wo] = FHE
Helt}h 7} A9 A8+ 2 GHz ¥ 7 733 13}

A8 F5 d9ol 9, 6~11 GHz 9ol 23k S
Fool EAlsk=s Ae & F Aok 2 540l =2
spinel ferriteollA] HAx719} e F2 A £4 7]
7ol olsl FFeh FARES] s (uell o=ttt
[15,16,21,24]. & 77+ F7F dofh= Fukre} 5
= Al gt g, e, p, p” 3] daEd =714 <9
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Fig. 6. (a~f) RL maps as a function of frequency (f) and thickness (d) and (g, h) RL spectra at first and second RL minimum points
of Niys_Mn,Zn,Fe,0, (x=0, 0.1, 0.2, 0.3, 0.4, and 0.5) powder-epoxy (10 wt%) composites.
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