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Preparation and Microwave Absorption Properties of (Mg 2C0.2Nip2Cu2Zng;)Fe;O4
High-Entropy Spinel Ceramics

WANG Qian, MA Yuzhao, YANG Xiaofeng, ZHANG Shengsheng, ZHANG Yilong, ZHANG Jiahui
(Xi'an University of Architecture and Technology, school of Materials Science and Engineering, Xi'an 710055, China)

Abstract: Single-phase bulk high-entropy spinel ceramics of (Mgg,Cog,Nig,Cug,Zn,,)Fe,0, were prepared via solid-phase reaction.
The phase composition, microstructure and element distribution were analyzed by X-ray diffraction, scanning electron microscopy
and energy dispersive spectroscopy. The volume density of the ceramics increases and the porosity decreases with the increase of
sintering temperature. The dense high-entropy spinel ceramic sintered at 1 200 ‘C presents a single-phase, uniform distribution of

172

elements, and its bending strength and fracture toughness reach 43.00 MPa and 1.30 MPa-m ", respectively. The high-entropy spinel

ceramic as a good load bearable broadband microwave absorbing ceramic has dielectric loss and magnetic loss to electromagnetic
wave, and the maximum effective absorption bandwidth (EAB=12.37 GHz) maxi can be obtained at 3.0 mm.

Keywords: ferrite; high entropy ceramics; spinel structure; electromagnetic absorption properties
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Fig. 1 XRD patterns of high entropy spinel ceramics sintered
at different temperatures
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Table 1 Lattice constant of (IMgy,Coy,Nij,Cuy,Zng,)Fe, O,
sintered at different temperatures

Lattice constant

Sample No. Interplanar spacing/A FWHM azb=c/A

HEO-1300 2.532 0.089 8.393
HEO-1200 2.532 0.086 8.393
HEO-1100 2.532 0.114 8.393
HEO-1000 2.532 0.116 8.397
HEO-900 2.533 0.123 8.399
HEO-800 2.534 0.136 8.400
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rate of high entropy spinel ceramics sintered at
different temperatures
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(a) Sample HEO-800, surface

(d) Sample HEO-900, cross section

(g) Sample HEO-1100, surface

(j) Sample HEO-1200, cross section

(b) Sample HEO-800, cross section

(e) Sample HEO-1000, surface

(h) Sample HEO-1100, cross section

(k) Sample HEO-1300, surface

(¢) Sample HEO-900, surface

(f) Sample HEO-1000, cross section

(i) Sample HEO-1200, surface

(1) Sample HEO-1300, cross section

B3 AN RS R R il M B i K) SEML TR A

Fig. 3 SEM micrographs of high entropy spinel ceramics sintered at different sintering temperatures
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(a) SEM photograph of sample HEO-800

(c) SEM photograph of sample HEO-1200

(b) EDS spectra of the plane in Fig. 4(a)

(d) EDS spectra of the plane in Fig. 4(c)

4 (Mgy,Cog,Nig,Cug-Zng,)Fe,0, = /i M & SEM & F 5 EDS R i
Fig. 4 SEM photographs and EDS spectra of (Mg, ,Cog,Nij,Cuq,Zng,)Fe,Oy

* 2 TREIRERLEHI(ME)2Co)2Nip,CugrZng)Fe,04 HIEE
Table 2 Conductivity of (Mg(,Coy,Nig,Cug,Zn,,)Fe, 04
sintered at different temperatures

Sample No. Conductivity/(S'm™)
HEO-800 6.50x10°°
HEO0-900 7.09x107°
HEO-1000 7.27x10°°
HEO-1100 8.88x107*
HEO-1200 1.13x107°
HEO-1300 430x107

Bl 6 AN RIS 18 485 11 i i 2R i A P B 1D A i
PP A E . B 6 AT WL, A 2RI %
AR MR — [ € R Ri<-10 dB M 5
FE, AREMRTEIZE T RER UL 90% RE 5 FHLREDK
ARZRTE . B 5a~F 5b a] W, &R ARk F)
BR4E HET(800. 900 C), SN &t kBl AR,
FoA U S R A TR, o, B
HEO-800 5254 3.10~3.50, 41 HL 7 HUkE # A1 tano,
FEIT 0. FF i HEO-800 [ 5 3 Sl i ik 3] 1.90,

R EIA R 119, B —E i, (AR FFEA
it 0.60. HAAR ST HRFEE 6.95 GHz I N-14.50dB,
JEREHN 5.5 mm I, A RBORIT %A 4.40 GHz. FF
i HEO-900 I/ HL W #5052 ms A 487, HIL R
BHR AR AR BK(-14.08 dB), I HAFES HEO-800-
FE& HEO-900 ¥ 124 kR 22, AN HRAABRES] .
AR 2.1 FrfE45ie, 1000 CHAEIIFIERESS,
HEO-1000 4 ¥ ZORI R 5 25 11 S0 6 30 #A BA J2
Permr, (HHEA BEEBFEVIRARRET 0.03, 1M
WESFEIE IR 1.20, WEMEA FTHET:. AR SO
HRFENT15-43.10dB, 52 EAB 1£ 9.30 GHz (3.5 mm),
CWI0 BRI T8RO IR, {H 2 4 i HEO-1000
R 2, ANHAREEET) . MERLEE
4k s Tt MBI R RE R SE T . A Se~
B 5F 0] LLUF Hik 5 28 5505 R i 2 Bl A 1Y) o T
Hahn, FE& HEO-1300 [HIRE T3S, Rz 0H o1
hn, SEEEIAF] 3.87, HEHEN 2.96. HBRG IR EIL T
1100°C ), MEMHE S 2 S TEARIZ 2 RIRIE K,
Wk F 2 2 RIS, XFILRFRA Snoek



+ 3108 - CTEERR 25 224D J Chin Ceram Soc, 2023, 51(12): 3102-3113 2023 £
3 0 1 1 1 1 1 --l-_-'—l - I—_ I V.V| 1 1 1 1 1 1 1 1 |
’ 2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18

Frequency/GHz

(a) Real permittivity

(c) Dielectric loss tangent

(e) Imaginary permeability

Frequency/GHz

(b) Imaginary permittivity

(d) Real permeability

(f) Magnetic loss tangent

5 ARNRERSS SRS A PRI L M AEBURIEYME. S-SR, MSUEIEYME
Fig. 5 Dielectric constant, dielectric loss tangent value, complex permeability and magnetic loss tangent value of high entropy spinel
ceramics sintered at different temperatures
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(a) Sample HEO-800 (b) Sample HEO-900 (¢) Sample HEO-1000

(d) Sample HEO-800 (e) Sample HEO-900 (f) Sample HEO-1000

(g) Sample HEO-1100 (h) Sample HEO-1200 (i) Sample HEO-1300
(j) Sample HEO-1100 (k) Sample HEO-1200 (1) Sample HEO-1300

K6 AR RS =Rk i A Ml B 2D A 3D SO e

Fig. 6 2D and 3D reflection loss dependence of frequency of high entropy spinel ceramics sintered at different temperatures
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(f) Sample HEO-1300
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Fig. 7 Impedance matching diagram of high entropy spinel ceramics sintered at different temperatures
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