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Preparation and Microwave Absorption Properties of (Fe, Co, Ni, Cu, Zn)Cr.O,
High-Entropy Multiphase Ceramics

LI Depeng', YAN Zhikai', ZHAO Biao', GUAN Li', FAN Bingbing®, WANG Hailong*, ZHANG Rui"**
(1. School of Material, Zhengzhou University of Aeronautics, Zhengzhou 450046;
2. School of Material Science and Engineering, Zhengzhou University, Zhengzhou 450001;
3. Luoyang Institute of Science and Technology, Luoyang 471023 Henan)

Abstract: Based on the in-depth study of high-entropy alloys, a concept of configuration entropy stable single phase is introduced into
inorganic non-metallic materials, thus developing high-entropy ceramics. The advantage of high-entropy ceramics is the diversity of
composition and structure, which makes them have an application potential as functional materials. In this paper, high-entropy multiphase
ceramics with a spinel structure and a perovskite structure were synthesized by a simple solid-state sintering method. The phase
composition, microstructure, element content and valence state, and electromagnetic wave absorption properties were investigated. The
microwave absorption properties of high-entropy multiphase ceramics sintered at different temperatures were analyzed. The results show
that the high-entropy multiphase ceramics can be prepared, and two crystal structures (i.e., spinel structure and perovskite structure) can
be formed due to the high-entropy effect. At 1300 ‘C, there exists a maximum dielectric constant. The high-entropy multiphase ceramics
prepared have the optimum electromagnetic wave absorption performance when the frequency range is 8.2-12.4 GHz.

Keywords: high-entropy ceramics; spinel structure; perovskite structure; dielectric loss; electromagnetic wave absorption property

PR R BA — AN EZ A Wyckoff A7 A1
AL SRR, HEANZ EoRE i
M sGTAESEN, — B R R 5 Mot R R
AR R NMITH G SRS TIF2 &

WeRs H A 2021-12-31, BT H M 2022-02-26.

HETIH: WA HAR SR 4 (212300410089); AR
AR EHE AHT A A (21HASTIT004)

H—EH. BEP81995—), T, R

BEEE: B OR19ss—), W, it ElFdz.

L St R Y, dE AR, R AR
RO IRHE OIS <R R T RN PR R R e
PR B AR RIERE, SESR AR L,
R P B AR R T RE A B R B S, B

Received date: 2021-12-31. Revised date: 2022-02-26.

First author: LI Depeng (1995-), male, Master candidate.

E-mail: 18346027982@163.com

Correspondent author: ZHAO Biao (1988-), male, Ph.D., Associate Professor.
E-mail: zhaobiaol813@163.com



« 1490 - CREFR Eh22 4D

J Chin Ceram Soc, 2022, 50(6): 1489-1498

2022 4

WAFRIPTERE, W RGPS MERE . IR K. 9
JE o B AT S 0 LR R U PE R T, Hh e T LA
A REMA R, TEARSRMAT R 70 R & A Bk 5 H
TAEH .

BRI S BT E 1 Rost Z5BE 2015 R
A3 3] A 5 £ 45 79 1 (Migo 2C 00 2Niig 2Cug 270 2)O
EE, T R IR AR AR 43 11 v e B T
RN T JBSEMEM . 5T m i b & R 7 A W e 3501
B, SR CAH & E 2R EmREA R, Hh
FE R R A/ N 7 & /) LN it et A7 7/ e
SR, A B, RS AE. BRI
FA PR AR R SRR A, DR s S B B AE
WL B ORSES A STE A R ILH HE W TS
8. B =R R R I — DA R R, oA A
SERIC RS P e R A R, R AR,
o A CRVRA A (V5 58 g ) e 0 P

Dabrowa 2R I A% 4t 7 ] Hh A s 49 P
(Co, Cr, Fe, Mn, Ni);O4 B &R AL . E A H1BA
R A G5 1 R R R A B R
SIFE. A EBRERE S SRR ERERY . SCER[321 K%
PR ft A v A T SR ) 5 B e R AR 1) LR
R A, HAF, (Tmg,Yo2ProaGdosThg2);SirCo/
(Tmp,Y02Pro2Gdo2Tbo2):05 FE AL FEILELE A 2 mm
I 8 /N [ B 45 KB I8 —50.9 dB; A1 A T s A
& & WA W K v i R 4 R S A /0 i L
AWM %, Hrb, (CepsYo2SmgErg,Ybg,)Be/
(Cep2Y0.2SmgErg2Yb2)BO; 7EVLEL JE B 1.7 mm H,
AR S 4.1 GHZPY . R R L ERA
Ve e R Ve RE AT TR, I A R LA
HAE 1.7 mm UG HR 5 B IR A5 R0 8 5 9 6 GHZPY,
Liu 24 0 T BAT 0 AT S5 1K) Fes04 3, KB
JEE R 4.3 mm i, 7E 5.84 GHz AbBUS 5t/ [ it 40
FEIE—41.59dB. SCHR[421%F E54KH 45 #4111 BiFeOs IE
BRI A REEAT T KRBT, PR REAT
BiFeO;, fE 163 GHz W}, #x/NitHikeiis] 1
—26dB, HA MR %A% 4.9 GHz.

5 FR B EM L, B g st ks
B R i A B R, TR A R R A A
SERI TR TE E R R AN P R M RE . B B
JERE . BRI . BRI BRSO T R
(IR % BE TS5 o TERRIAR A 5 R R AR
I AR T NiCrOs B58EH 454, 7EMERERAEH K&
W2 MBI E SRS RS T, A

FERE )W E AR, BT B SRR S
RONE,  SEI M TR AR I r R TR IS PR RE . TE IR A
BB AT B A T S AT S ET, O
o ORIV A AL A R R R AF B A B AT
N, HHBRTEANBERE, HBEANYMEHRE
P AR SR L S P E e Pk
PEL BEA AN R, B R, B ER AL
BEAH I T D

Rl A B (AB Oy Sf b 48 4 A7 DY i A4
AL — M A I SR B, W Fe*'. Co™'.
Cu®". Ni*"&, 1548 B AL LAk APT. Mn",
Co’'\ Cr'& = &R B 7 PR s 58 4 R
RS, RAGHPHS I B A 3 & Ee
FHEN A AL S YEVU AR IR, 1M B A )\ T A4 )
BT 4 6 2 MRS FHER. FRy &
(ABO; &5 M) RN AL S0 2, 5 51 R di A ey A%
BUNL, BT AR B H AN R S5 R P B4 22 s 1, 7E
e, B RBAAE M. A H 245 202
ATz .

W I8 A 1 308 PR R 51 R 8 ) R A A i o TR
PFET oK R 1 e B4 & J R SR LA
N R AR . WO AR A AT DL S B
AL B R AL S A I 2 TR BT AT, 24 BHALIT
FCAELAE 1 BHUTI, RO FLFEPTVCACE LT, b fLfi
P T LUK AT BE 22 Hb ik B0 IR A kL2 iR AT R S R
FE, IRFERLDE RIS B AR B, FRIRIRAENLEE
AN, A LUK IR R 43 9 FRARFE B (A B £ 4 ) G
TR (kL) B A FRBURE B (R R ) P Y. A
P R 20 PR O ) b el LA B SR (e A M R v
Tt S T B, R M R A i b R 5 G 1)
RO % 5 FE 7 S B 1 B FH R

1.1 #H&EEE

FHTETER AT B[ AR S B et 7 3t £ LA R it
RURES KA B 1) 150 45 5 AH W) %5 (Fe, Co, Ni, Cu, Zn)
Cr0,. 1) #7#r4l FeO. CoO. NiO. CuO. ZnO.
Cr,0; & A A Ak 42 BT 575 81 R0 e L A9 BR
&5, FRIEEREE 2R 5 JFORHA & H o 521 1,
KRR RS ZrO, BRESERTION Je IR EEFEH,
NI&EETKCEE, RABAHBRESZ:, 4T 2k
FEHL, LA 280 r/min FIHZFEREE 8 h; 2) KR
AT URAARTE 80 C F 4 3h, 335250 JF Rl 1R &8



25055 6 1

Z1EWG %5 (Fe, Co, Ni, Cu, Zn)Cr,O, i1 4 S A B B 11 il 4 22 LR M e .+ 1491 -

s 3) WHER R, IREMRIEIS, 7£4) 68 MPa
MR, KL 10 g MHRE KIS T k2
(77 SR H % 30 mmx4 mm RTEA R, 4) TR
pgrdr, LA 10 °C/min TR 08 A R THE 2
(1100~1400) CJ5f#iT 6 h, SRIGHEN A HE =,
733 i AP ERE S BIREEAE(1 100~1 400) C
At T e b 1) v i A AL PR B AR o AR R N RE
i HEO-1100. £ HEO-1200. ¥/ HEO-1300.
FE i HEO—-1400.
1.2 #HmRIE

i3 SmartLab AR X B RATHHMCR TORE S
(R AE 5> BT A0 S AR A R . R FH JSM-7001F B934 Hy
T RABE M S RE R S T SR, R X R
It HLF RE T H R (XPS) X FE S HEAT 0 R o & 2 K&
WM ASIIRAE. 8 N5234A 7Y 255 X 28 23 KA ) &
T it 1 FEL T MR AL 1 R o et e SR A E i IS o
JZ i —Fh B IR L e B, RGN
SAFEA T
Zin _ZO
Z, +7Z, M)
e Zo NHE B RIRREPT; Zo NIRRT
HINFFOEREDT: Ry N LML SR FE o

2 HRE5®

2.1 SR
B 1 ORI E AP EAE( 100~1 400) ‘CHELER) X
FHERATEE . I 1 AT, AR A SRR PDF R

R, =20lg

+ - Spinel
+: Perovskite
* -~

Sample HEO-1400

s *
Pht At a0, aa ety 4 o

A'ngple HEO-1300
\ Salmple HEO-1200
Sample HEO-1100

L L g

A

FeCr,0, (PDF 34-0140)
L

Intensity

CoCr,0, (PDF 22-1084)
|

| L
NiCr,O, (PDF 89-6615)
| . 1 A
CuCr,O, (PDF 26-0509)

\

| 1
ZnCr,0, (PDF 87-0028)

i R .
[ Yoo

10 20 30 40 50 60 70 80 90
200(°)

1 ANF) IR EE e 2 el S AH P B2 F) XRD 1%
Fig. 1 XRD patterns of high entropy multiphase ceramics
sintered at different temperatures

J FeCr,0,4 (PDF#34-0140). CoCr,04 (PDF#22-1084).
NiCr,0, (PDF#89-6615). CuCr,04 (PDF#26-0509).
ZnCryO,4 (PDF#87-0028)MH 21T, X Al 551 PDF
K A NiCrO; (PDF#22-0748)#l & E 84, NiCrO;
J& T AGERY 45 1) . il XRD 4 #1521 5 i e 5
AIREAE R 6 PRI T R RN, AN TE] R
AHU 27 H A ks B AR AR o 43 At XRD 1S w01, Bl
FERFE DI TR, R A A T T S 06 7 120 347 1 5
Fe? MBS 2454 0.061 nm, Ni* 4% 9 0.069 nm,
Crr 4809 0.061 5nm, =FHEK/, B
BRI B R m R, 5 FhR G A 45
FeCr,04+ CoCryO4+ NiCr;O4+ CuCryO4~ ZnCr;04
A — A AR S5 K NiCrOs2 it i 7K 45 kg 7] LA [
TEAETE R A o RO AR df A G540 5 45 SR 45 1)
FE(1100~1400) C %A F¥&A KA R B, Brbl =%
AT LA ST G o A AT DU 4 R A M B A R 1
W8 1
22 BWMEHSH

2 i B AP EEAE(1 100~1 400) ‘Cleshir
SEM . BBl 2 nfLAEH, 1300 C LA L1 S
MM RS O R & RIGFIIECE, MMARmEA
SALIAAAE, PR K H 220 S50,
R, WINEN, KRG —8, 718
== PN b VA o T sy NS Y A L) N % A0 4
Fi % 2% THT B AEDO P-4 6T 1T BB 2 #F b HEO-1300 Wt
WPERRAL 5 0 — MO TESRFE . B e 5 5 N
1300 ‘CAkELEER &, Horh R AR R AR R A2 B 2 1
Ak, N R U] S EB D A
23 TERBERNSOHN

B3 ZBREIREE A 1300 CI 1w &2 A i %
W Cr JGER 1 2 MEUE FARMNAS Cr &=, A
A& A DWIE#E fRiE, A XRD 43 #i7 45 R AH XS
ATk — 20 AR AR A B RS B 2 A 11 25
W, T 5 T AR 23 U6 S5 AN 5] B 43 B o W TR AR () R0
BEAT AR R A B2 s B Y, X i S M
TR 45 3

WP AT DR R 1 Cr n R
ARAME TR TESELE . CO & &8 5 Ak
42.44%, Crri& 5 5 RIEN 57.56%. H TR
R TIEERI Cr R A Bk R S5 R 1 O
MM & ERZ, HiTREA RS 5
WEERIMAFTE, RS 5 ki, HEmFEas
Fid i e 1



CERR 2R 4D J Chin Ceram Soc, 2022, 50(6): 14891498 2022 £

(a) Sample HEO-1100, high magnification (b) Sample HEO-1200, high magnification

P\
(c) Sample HEO-1300, high magnification (d) Sample HEO-1400, high magnification

(g) Sample HEO-1300, low magnification (h) Sample HEO-1 400, low magnification
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Fig.2 SEM micrographs of high entropy multiphase ceramics sintered at different sintering temperatures
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