ISSN (Print) 1598-5385
ISSN (Online) 2233-6648
LAG+=> Journal of the Korean Magnetics Society 29(1), 1-7 (2019) https://doi.org/10.4283/JKMS.2019.29.1.001

Effect of Sintering Conditions on the Magnetic Property of
Mn2/3 - xZIll 3+ xF 6204 Ferrites

Eun-Soo Lim and Young-Min Kang*
Department of Materials Science and Engineering, Korea National University of Transportation, Chungju 27469, Korea

Dong-Young Kim
Department of Physics, Andong National University, Andong 36729, Korea

(Received 3 December 2018, Received in final form 11 December 2018, Accepted 12 December 2018)

My Zny;54+,Fe,04 (x =0, 0.1, 0.2, 0.3) spinel ferrites samples were prepared by conventional ceramic process and the effects of the
composition, sintering temperature and atmosphere (air, nitrogen) on the structure and magnetic properties were investigated. X-ray
diffraction (XRD) analysis revealed that all the samples sintered at T > 1200 °C have single spinel phases. The average grain size of the
samples increased with increasing sintering temperature, although a clear dependence of the microstructure on x were not shown.
Magnetization curves measured on the wire-wound toroidal samples by using a B-H curve tracer showed soft magnetic behaviors for all
the samples. The magnetic flux density value and complex permeability (= '+ ju") spectra sensitively varied with x and processing
conditions. The highest dc permeability of dB/dH = 8896 could be achieved at the x = 0.1 sample sintered in nitrogen at 1250 °C.
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Fig. 1. (Color online) XRD patterns of Mny;Zn;;sFe,0, samples
sintered at 800, 900, 1000, 1100, 1200, 1300 °C in air (a) and those
sintered at 900, 1000, 1100, 1200, 1300 °C in nitrogen (b).



L AFE=1> Journal of the Korean Magnetics Society Vol. 29, No. 1, February 2019 -3-

= Table L. lattice parameter (a), lattice volume (vol.) of Mny5 _ . Zny/5 4,
1300°C, air 3 * Mn,;,2Zn,;,,Fe,0 . o .
@ ar ) k Fe:cz)/: RN Fe;,O4 (x=0, 0.1, 0.2, 0.3) sample sintered at 1300 °C in air and in
nitrogen.
= 5 o Atm. x a (A) vol. (A%
_g 8 5 3 g 0 8.4873 611.370
el o = g N o P . 0.1 8.4787 609.525
< ] g Air
=, 8 £ 0.2 8.4726 608.212
_-é‘ x=0.3 i _l 1 0.3 8.4650 606.575
D x=02 &t n 0 8.4916 612.296
[0} - l N 0.1 8.4836 610.581
T i o 1 2 0.2 8.4787 609.525
ol N N LA 03 8.4693 607.491
(P55 7 R 3,05 9 ) U 27 .70 T [ P L A o R RO
20 25 30 35 40 45 50 55 60 65 70
8.495
26 (degree) ——N,
8490 il
(b) 1300°C,N, © Mny/3,2Zny/5,Fe,0, ' .
o0 Y
5 8.485 - e N
= - - St
= o 8.480- : T~
S ) = - \'\
: ) =y s \
£ e 5 2 3 © 4751 %y
< ~ g E < Ky e N
- 8 * 8.470- ‘ N
2 x=03 - | ] 2 o
[7)] &
g et | " 8.465 - .
t i t 1 . | 000 005 010 015 020 025 030
x=10.0 X

20 25 30 35 40 45 50 55 60 65 70
26 (degree)

Fig. 2. (Color online) XRD patterns of Mny;_,Zny;3.,Fe;04 (x=0,
0.1, 0.2, 0.3) samples sintered at 1300 °C in air (a) and in nitrogen (b).
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Fig. 3. (Color online) Plots of lattice parameter (a) vs. x for
Mny; _Zny; . Fe,04 (x =0, 0.1, 0.2, 0.3) samples sintered at 1300 °C
in air and in nitrogen.
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Fig. 4. Micrographs of Mny; _ Zny;5+ Fe;O4 (x =0, 0.1, 0.2, 0.3) samples sintered in nitrogen at 1200 °C (a~d) 1250 °C (e~h) and 1300 °C (i~).
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Table II. Sintering density (p), magnetic flux density at H = 30 Oe (B -3¢ 0e), coercivity (Hc), maximum permeability (£4,,,) in B-H curves, real
part of permeability at low frequency range of < 100 kHz (x/;), maximum imaginary part of permeability (££",.a), frequency at 1" a (fu max), and
resistivity (o) of Mny; _Zny 3.+ Fe;,04 (x =0, 0.1, 0.2, 0.3) samples sintered in nitrogen (1200, 1250, 1300 °C) and in air (1300 °C).

Atm. T (OC) x P (g/cm3) BH =300e (G) HC (Oe) Honax ;u,s ,uﬂmax f,u” max (MHZ) P (MQCm)
0.0 5.01 3698 0.2853 4912 335 123 9.653 -
N 1200 0.1 5.07 2955 0.2688 3671 272 99 9.960 -
2 0.2 491 1294 1.3619 203 91 30 11.010 -
0.3 4.95 187 - 35 4 - - -
0.0 4.99 3712 0.253 4951 264 84 10.617 -
N 1250 0.1 4.98 3184 0.166 8896 480 182 5.105 -
2 0.2 5.04 1741 0.0813 1826 268 95 7412 -
0.3 5.05 123 - 30 2 - - -
0.0 4.85 2261 0.464 857 321 146 6.456 0.0425
N 1300 0.1 4.81 2693 0.242 4511 482 170 2.818 0.0794
2 0.2 492 1455 0.0899 1975 849 238 1.189 6.91
0.3 5.01 189 - 65 28 - - 10.7
0.0 4.88 2309 0.482 847 208 39 6.388 5.54
Air 1300 0.1 4.90 1989 0.344 894 229 45 60.95 355
0.2 5.05 607 - 121 122 11 124.1 139
0.3 4.86 154 - 77 3 - - 455
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Fig. 5. (Color online) B-H loops and initial B-H curves of Mny; _xZny 5+ \Fe;O4 (x =0, 0.1, 0.2, 0.3) samples sintered in nitrogen at 1200 °C (a, e)
1250 °C (b, 1), 1300 °C (c, g) and those sintered in air at 1300 °C (d, h).
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