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Structure and Magnetic Properties of Ni-Zn Ferrite Prepared by Sol-Gel Method
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Ni,.Zn; _,Fe;O4 (x=0.4, 0.5, 0.6) spinel ferrites were prepared by sol-gel method using precursors of Ni(NO;),- 6H,0,
Zn(NO;), - 6H,0, and Fe(NO;), - 9H,0. Crystalline spinel phase were confirmed by X-ray diffraction (XRD) analysis for all the
samples synthesized at 7>400 °C. Scanning electron microscope (SEM) was used for the study of microstructure. The average
crystalline size increases from 17.6nm to 96.2 nm with increasing synthesis temperature from 400 °C to 1000 °C for the
NigsZngsFe,0,. Sintering process was conducted at 1000 °C and 1250 °C, respectively, on Ni,Zn, _ .Fe,O, (x =0.4, 0.5, 0.6) samples
synthesized at 400 °C. B-H curve and complex permeability measurements were performed on these samples and the effect of
composition, sintering temperature on the magnetic properties were investigated.
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Fig. 1. (Color online) (a) XRD patterns of NigsZngsFe,O, samples
calcined at 300 °C, 400 °C, 500 °C, 600 °C, 700 °C, 800 °C, 900 °C,
1000 °C and (b) those of Ni.Zn, _,Fe,O4 (x=0.4, 0.5, 0.6) samples
sintered at 1000 °C and 1250 °C.
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Table 1. Full width at half maximum (FWHM) of the (311) peak and
the average grain size of NigsZngsFe,O, samples calcined at
different temperature.

Leateination (°C) FWHM Particle size (nm)
400 0.47499 17.6
500 0.46266 18.0
600 0.35406 23.6
700 0.23796 35.1
800 0.18718 44.6
900 0.16966 49.2
1000 0.08673 96.2
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Table II. Sintering density (p), lattice parameter (a), cell volume (vol.), magnetic flux density at =30 Oe (By=300.), coercivity (Hc),
maximum permeability (t4,.), real part of permeability at 1 MHz (), maximum imaginary part of permeability (4",.), and the frequency
(furmax) at the maximum 2" of NiZn,; _ Fe;O4 (x = 0.4, 0.5, 0.6) samples sintered at 1000 °C and 1250 °C.

Y;inrering (OC) X P (g/cmS) a (A) VO]' (AB) BH =300e (G) Hc (Oe) Honax ﬂ's (] MHZ) ﬂ”max ﬁl”max (MHZ)
04 2.3459 8.405 593.721 697 9.27 80.31 12.5862 5.760 144.54
1000 0.5 2.2589 8.396 591.806 545 8.63 37.95 8.0852 3.868 331.13
0.6 2.1235 8.382 588.944 481 10.6 13.76 7.4075 3.733 319.89
04 4.3603 8.405 593.721 3024 0.511 2902 332.208 154.53 9.12
1250 0.5 43761 8.396 591.806 3218 1.38 1244 151.038 74.928 23.17
0.6 3.8039 8.382 588.944 2557 3.04 475.4 101.131 55.420 33.88
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Fig. 2. Micrographs of Niy sZngsFe,O4 samples sintered at 400 °C, 500 °C, 600 °C, 700 °C, 800 °C, 900 °C, and 1000 °C.
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Fig. 3. Micrographs of Ni,Zn; _,Fe,O, (x = 0.4, 0.5, 0.6) samples sintered at 1000 °C (a~c) and 1250 °C (d~f).
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Fig. 4. (Color online) B-H loop (a, b) and initial B-H curves (c, d) of Ni,Zn, _,Fe,0, (x=0.4, 0.5, 0.6) samples sintered at 1000 °C (a, c¢) and

1250 °C (b, d).
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Fig. 5. (Color online) Real (/) and imaginary (") permeability of Ni,Zn, _ ,Fe,O, (x = 0.4, 0.5, 0.6) samples sintered at 1000 °C (a, b) and 1250 °C

(c, d).

31 poroust PIMITFES 2E7] whitoll A} (magnetic domain
wall)e] 22%Jo] ZA WelE ol AA7o] I AU
1250 °C &2 AlSHT}E 722 A8} 715 (hard magnetic
behaviorys Hole Z1o= 4T 4 Uk Ni |8k 7}
x =044 x=0.622 Z7I5ol e} By-s & 1000 °Co}
1250°C &2 ABoA F5FHoZ ol Fig. 4(b)2
1250 °C &4 A|goA BAELE x=04004 x=0.622 F
e Zlele 43S Holed ot mAlTxe] Wil
(Fig. 32} 284 o] HH g 283k Zo0= HRlth
Fig. 4(c), 4dPIAE 00e<H<50e TN 2738+
A& VERI e o] FielA B-H 449] P& (dB/dH)S]
Hgo 2z e A FAE (o) EZ381] Table 1101 7]
Attt 248 25 WEE e #ol M- 2 AelE
Holm, 1000 °Ce} 1250 °CAlM BF x=04 & w7} 718
2 s BATH

Fig. 5(a)~5(dy 1000 °CS} 1250 °Coll] Z42h 4243 A8
el HAFAREY AR (u)et SR (i) spectra(l MHz~
1 GHz)elth. | MHzoIA A& A42e] Fhws), FAR 3
T Hgk (e L W TR (e 22t Table
1ol AXBEATE 1000 °C 22 AE(Fig. 5(a), S(b)E x=
04 wf 7P =2 u, 3RS HolH x=0.59 x=0.6 AIE

e MZ AR BAFAS spectras Hol™ 4@} 1
= x=04° vEXE A ZAAEEA fres S7H
Fig. 5(c)9} 5(d)2] 1250°C 223 A|59] spectrad A=
1000 °C &2 A89) A9} v AE x=04Y w47}
7P A vUskon, xo ol STl Wt w0t 1
© HAF TABIAL, fre Ah0] AT HO 2 o]Fe HF

221 o1l Snoek’s lawES WEE AES HoItH14,15].
2
(s = 1) -f, =37 47M, @)

A7 e FAE, f2 AT Tk, 2 AISRN,
M= E3} Aslo|t), TS 1000 °CollA 1250 °CE A2 2%
7F 748 W 7+ AR BAFRARES FA ) ek%len,
Frmae AR Z A} 202 o)F3ATS & 5 Ak
A 2rd e BEAFASC] Hil= Fig 4(c), 4d)°] =
Ao B e 2FARE] Aolrt wiAlTtxe}t &
3 xoll wE} FA Bislehe 2 #Ase] vk 24 9%
7V VS, ARY 2V E55 4l W B EOHA
™ Snoek’s laws WE} f e RORRITH WEbA] A 2%
7h S e e A8 OV AL fes 270 W

ko 2 o]=3it} 1000 °C 22 A5 FXH& gl 1GHz




224 - SAUS T3 4

KoM up-turn FEIE SIS AL AR o= Q1gH
artifact®? G} B Aol Hit 2 =Z717F ~170
nm AEo]H W7} 2.1-23 g/em®?] 1000 °C A2 A59
&5 FARE0] 1 GHz oPdez olojd Zo=z RIF 3l
oh & o] SAHES 53l 400~900 °C A Sk e
A% 4 nm 2719 AAHY BEE Hola lo] o3t
ferrite - 83T 1 GHz o] Ful tigoM=
FAgS] SN 3k AXEH HH, A1 £as Be A
At F5A o] 7FsE RoE ke

Iv. 4 =

Ni,Zn; _,Fe,0(x =04, 0.5, 0.6)2 ZAR o M3t =
A} A 2= mE vAlTR 9 2A71E BEAAS A8
t}. Spinel B ZA&Ao] 400 °ColARE] FAdo] Har 4
Ag] 2571 1000 °C7HA] S7FE 3t 24" 37]
10 nm~100 nm Bl Z713K30k. B3 400 °CollA] &
3k Ni-Zn ferriteS 1000 °C2} 1250 °CollA ZH2t 223108
w1000 °CAlM= Bt AAHe Z77F xoll wEh 160~
190 nm 2 YR 1250 °CAME = um B2 FA|
gston Ko xdet vAlEE BT B-H 4004
Uehd 2714 A% 27 250 wE Z24H] =27]9} 1)
Al 28] B4l wjet FA] wskeith. EAFARE spectra
U3t AFHo] 2 1250°C A2 A7 1000°C A&
Alg Boh 108 ol 2 4l e RS BRAOH, Nio]
x&=F xo WM E DAZOZE TFIEOF  spectra’}
shiftSFH g, e 7] FAShs AS B £ A9
AW T dxE] FAHLS 5 NiZn ferriteS P
o, 27499 2715 4 nm HIRE F pm HAZHA Al
g 4= Qdglor, Nio] X3 244 wEiT EAFARS
spectras A 7158S ERI5IIT). ©|2 3l Ni-Zn ferrite
= O Tk digelx AP A 2 dxe F5AE
8 s ¢ 5 ASTh

o ox rr

e

3t Ni-Zn Ferrite2] 729} 24718 B4 - FA& - e - F9d

HAlel =2

AT At 71Ex1R Y TIQAAE A
7k <180k 9A19](G02N03620000904)8] A|L-S Hio} A
HAFH

References

[1] Y. Liu, S. Wei, B. Xu, Y. Wang, H. Tian, and H. Tong, J. Magn.
Magn. Mater. 349, 57 (2014).

[2] K. R. Mun and Y. M. Kang, J. Korean Magn. Soc. 28, 1
(2018).

[3] S. Y. An, L. S. Kim, S. H. Son, S. Y. Song, and J. W. Hahn, J.
Korean Magn. Soc. 20, 182 (2010).

[4] L. Wang, H. Dong, J. Li, J. Hua, S. Xu, M. Feng, and H. Li,
Ceram. Int. 40, 10323 (2014).

[5] J. Azadmanjiri, Mater. Chem. Phys. 109, 109 (2008).

[6] D. Y. Kim and S. S. Yoon, J. Korean Magn. Soc. 22, 210
(2012).

[7]1 S. T. Mahmud, A. K. M. Akther Hossain, A. K. M. Abdul
Hakim, M. Seki, T. Kawai, and H. Tabata, J. Magn. Magn.
Mater. 305, 269 (2006).

[8] Z. Feng, D. Li, L. Wang, Q. Sun, P. Xing, and M. An, Mater.
Lett. 233, 267 (2018).

[9] X. Peng, K. Peng, and W. Zhang, Mater. Res. Bull. 100, 138
(2018).

[10] L. Wang, H. Dong, J. Li, J. Hua, S. Xu, M. Feng, and H. Li,
Ceram. Int. 40, 10323 (2014).

[11] S. B. Ko, M. S. Choi, H. Ko, C. S. Lee, W. P. Tai, S. J. Suh,
and Y. S. Kim, J. Korean Ceram. Soc. 41, 744 (2004).

[12] A. W. Burton, K. Ong, T. Rea, and I. Y. Chan, Micropor. Mes-
opor. Mater. 117, 75 (2009).

[13] L. M. Levinson, Electronic Ceramics: Properties: Devices, and
Applications, Marcel Dekker, Inc. New York (1988) pp. 156.

[14] J. L. Snoek, Physica (Amsterdam) 4, 207 (1948).

[15] T. Nakamura, J. Appl. Phys. 88, 348 (2000).



