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Effects of Mn Substitution Site and Synthesis Method on the Electromagnetic Wave
Absorption Properties of Ni-Zn Spinel Ferrites
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Mn-substituted Ni-Zn spinel ferrites (Nigs_,Zngs_.Fe, ,Mn,,.O,, either one of x, y, z is 0.1) were synthesized by sol-gel and solid-
state reaction methods, respectively. where their high-frequency and electromagnetic (EM) wave absorption properties were
systematically studied. Single spinel phase was confirmed by X-ray diffraction (XRD) analysis for all the samples. Scanning electron
microscope (SEM) was used for the microstructure observation. The complex permittivities (&', £”) and permeabilities (¢, 1) spectra
(0.1 ££'< 18 GHz) were measured by using a vector network analyzer on the ferrite-epoxy (10 wt%) composite samples. The reflective
loss (RL) values which stands for the EM wave absorption performances were calculated from &', ", 1/, 4" data based on transmission
line theory. The sol-gel-processed ferrite-epoxy composites showed very low dielectric loss with composition-dependent £ spectra
which is related to magnetic loss. All composite samples exhibited excellent absorption characteristics in the frequency range of
1~4 GHz, and the EM wave absorption characteristics changed depending on the preparation method and composition of the ferrite
particles. The maximum absorption performance of RL =—68 dB was achieved on sol-gel-processed ferrite (Nig4Mng;ZngsFe,0y)-
epoxy composites at the frequency of 2.5 GHz with absorber thickness of 7.3 mm. As for the wideband EM wave absorption, the
ferrite samples synthesized by solid-phase reaction exhibited better performance than the sol-gel processed samples. Due to these
characteristics, the Mn-Ni-Zn spinel ferrite composite is highly applicable as an electromagnetic wave absorbing material in the L, S-
band (1~4 GHz) range operated for military aviation stealth.
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Table 1. Sample ID, lattice parameter (a), unit cell volume (vol.), cell vol change (%), and average grain size of the samples according to

synthesis methods and compositions

Sample ID Synthesis method Composition a (A) vol. (A%) % vol. change e (UM)
SgO Ni0_5Zn0_5F6204 8.398 592.2 - 1.20
sgl Sol-cel Nig.sZngsFe; ogMng O, 8.394 591.5 -0.12 0.89
Sg2 & Ni04Mn0 IZn0_5FeZO4 8.401 592.9 0.12 1.03
sg3 Nig sZng Mng ;Fe,O, 8.391 590.8 -0.23 0.90
ssO Ni0_5Zn0_5F6204 8.392 591.0 - 4.08
ssl . . Nig.sZngsFe; oMng O, 8.391 590.9 -0.01 3.45
552 Solid-state reaction "Ny Zn sFe,0, 8.401 592.9 033 247
ss3 Nig sZny Mng ;Fe,O, 8.387 590.0 -0.16 2.84
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Fig. 1. (Color online) XRD patterns of Mn-substituted Ni-Zn ferrites prepared by (a) sol-gel and (b) solid-state reaction methods.

Fig. 2. SEM micrographs of Mn-substituted Ni-Zn ferrites prepared by (a~d) sol-gel and (e~h) solid-state reaction methods.
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Fig. 3. (Color online) (a, b) complex permittivity (&, £”) and (c, d) complex permeability (¢, 1) spectra (0.1 GHz < /< 18 GHz) of Mn-substituted
Ni-Zn ferrites prepared by sol-gel and calcination at 1200 °C, and (e, f) &, &” spectra of those samples calcined at 1300 °C.



L A= Journal of the Korean Magnetics Society Vol. 33, No. 1, February 2023

ss0

117 (a) —ss1
$s2

94 — 1S3

10° 10 10°

J(Hz)

10

——ss0
(c) —::1

84 —ss2
— 553

il

T
10° 10° 10

Jf(Hz)

— 5 —
2 0
SS

5 (b) —SS1

— 52

" — 553
% 34
>l
1_
0_

10° 10° 10
JS(Hz)
5

ss0

(d) —SS 1

49 Y

—SS3
3_
21
1
04

10° 10° 10
f(Hz)

Fig. 4. (Color online) (a, b) complex permittivity (&', ") and (c, d) complex permeability (¢, 1) spectra (0.1 GHz < /< 18 GHz) of Mn-substituted

Ni-Zn ferrites prepared by sol-state reaction method.
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Table II. Real part of permittivity (&) at 1 GHz, imaginary part of permittivity (¢”) at 1 GHz, real part of permeability (x) at 100 MHz,
maximum imaginary part of permeability (1" nax), frequency at the maximum £ (f,qy), minimum reflection loss (RL,yi), and thickness (drimin)

and frequency (fzzmi») at the RLy;, point

Sample g & :ul " f;l”mux I{Lmin dRLmin /]‘eLmin
ID (@ 1GHz) (@ 1GHz) (@ 100 MHz) H max (GHz) (dB) (mm) (GHz)
sg0 4.60 0.043 6.31 222 1.20 —47.3 6.64 2.96
sgl 4.67 0.003 7.05 2.58 0.99 —49.0 7.14 2.70
sg2 5.10 0.06 7.65 2.96 0.48 -67.9 7.32 2.52
sg3 4.82 0.06 741 2.67 0.36 —58.7 6.47 3.14
ssO 5.89 0.50 7.53 3.16 0.55 -54.8 6.89 241
ssl 6.40 0.12 8.46 3.68 0.54 —43.3 6.69 2.12
ss2 6.39 1.05 7.54 3.25 0.44 -52.9 8.28 1.84
ss3 6.01 0.68 6.63 2.76 0.56 -52.6 6.80 2.56
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Fig. 5. (Color online) RL maps as a function of frequency (f) and thickness (d) for Mn-substituted Ni-Zn ferrites-epoxy (10 wt%) composites,
where the magnetic particles were prepared by (a~d) sol-gel and (e~h) solid-state reaction methods.
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Fig. 6. (Color online) RL spectra at the RL minimum points of Mn-substituted Ni-Zn ferrites-epoxy (10 wt%) composites, where the magnetic

particles were prepared by (a) sol-gel and (b) solid-state reaction methods.
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B4 EAJo] Aok Mne X)gho wWE Ni-Zn ferrite®]
olFg WAt F 5439 wsle TARCE #olo &
g 9 Y2 L-band(1~2 GHz)2} S-band(2~4 GHz)9]
glolt SR 87 8S =l & 4 AT

Iv. 29 A Z2E

B AFo| A= Ni-Zn spinel ferrite] Z; ol Ao
n% L ADFE Y (Nigs,Zngs Fes Mn,,.0u x, 3, 2
sP7E 0.1y sol-gel I IHREHO R 747 Tge]
T2 AL 10 wi%o] olFA] vRRITie} HRtslsh A
E"ﬂ tiet] 249 A0 e Aol g 54 W
S A7 Ferrite 29 24 He] 7= sol-gel ¥
AN 1 um e, I7REHA 2~4 pm TEOE, IRES
HollA o AR A doHT}. Sol-gel HoE AZ3F A5
= ¢ 15%3 4 &4 BAS Blon, Ap1A &43 #
HE A B2 spectras 243 wiet HEE Bk A
A7 T4 5L B A8 FAE datas 831
5] o|2S vlEoE Ak RL maps 53l ERISIHT
WHEEFHOZ A AEES] 12F F5 I sol-gel
AlEEo Hlsl AFut ko o)Ed v 23k F 99
< Wt} IFHE olFsl] Huh ZHS Fulas the] Azt
719 F5oll freEldks Btk Hd &5 542 Mno] Ni
Ao X]8H NijMny,ZnysFe,0, 232 AEE sol-gel
Ho g AZ3IMS RL=-68 dBE Lot o]2igt A7)
I F7 549 Wk AR Fa%t dlold Falr
o <l L.S-band(1~4 GHz) FFolN &5 2AE -89}
S0l o] wig- ov] Q= Az AlEHc)

Z

F-lfﬂ O{N

i‘f‘



-8- Mn %]+ 9129} 9/d R ol w2 Ni-Zn Spinel Ferrite®] 2719} F= 5748 A7 - o|AS] - - - gl

HAfel =2

B A7 20220 JTIERFAT] Ado =
ATAEY] A Ps vl FPE 71 AFH(NRF-2022R1F1
A1062933)9} W0 Yo T 2SR PATY =
7FATFAIRNZZAE O] A DS ol FaE A(2021
R1A6C103A367) YUT}
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