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Abstract: A high-entropy oxide is a single structural oxide formed from a solid solution of a variety of metal or nonmetal
oxides in equal or nearly equal proportions and has wide application prospects in the field of energy. This paper mainly
introduces the advantages of high-entropy oxides (cocktail effects, high-entropy effects, lattice distortion effects, etc.) and
synthesis methods, which mainly include the high-temperature solid-phase reaction method, pyrolysis method,
coprecipitation method, solution combustion synthesis method, and hydrothermal synthesis method, and on the basis of their
excellent performance in catalytic hydrogen production, supercapacitors, lithium batteries and other electrochemical energy
storage applications. The research progress on high-entropy oxides in the field of electrochemical energy storage is
reviewed.
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Fig.1 Structure and properties of high-entropy oxides: (a) cycling performance of high-entropy oxides and comparison with
medium-entropy oxides; (b) in situ XRD spectra of the first two cycling cycles, corresponding crystal structure evolution, and
schematic of structural transformation in high-entropy oxides; (¢) capacity decay caused by the introduction of sodium®!* "
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Fig.2 Solid-state reaction preparation methods: (a) basic process of high-temperature SSR for synthesizing high-entropy oxides;
(b) example of SSR for synthesizing high-entropy oxides; (c) Joule heating-assisted SSR for synthesizing high-entropy oxides;
(d) comparison between Joule heating-assisted SSR and traditional high-temperature SSRU*!
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Fig.3 Ion sintering method: (a) DC electric field enhancing the sintering rate; (b) schematic of the SPS process®*"
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Fig.4 Solution combustion method for synthesizing high-entropy oxides: (a) schematic of the SC process;

(b) schematic of the synthesis process for (CoCuMgNiZn)O; (c) XRD spectra showing the variation in product composition with
temperature; (d) photograph of the SC synthesis process; (¢) SEM images and elemental distribution maps of HEOs synthesized via the
SC method optimized by the precursor preparation process®®'-

https://www.cnki.net



o [ %71 B

(ERIE R AR )02/2025 B &

[

V& B A KR B S A T M T R R <125

TG, A B e T 2R i s ma A B, S E0UR N A
PR Z 0, X R A R A SC o 7R A R T R4
INAR AR J% , 7E S 3 R AN W 0 R 45 O T R T
e, Sydinyan S5EUR I WA R LG L T (Mn-
FeCoNiCu);0,, % 1iat 3 1 X 5y 3K 14 45 440 1) 415 A6 X6 1
5 = A AL 7 I OS5 R (1 de)
24 BIERMFE

Mt 55 PSR I — Rl Iz T e i e &
0 e 50T |, DR L R 1% S 390 2 40 1 1 40 4 A 5l 4%
FLA YRR PR R T 48 32 DCERT, %07 2 R
VROFE T S0 AR V5 YR 3 25 1 #8% A A OHR , E R TRLEA
BE A TR IR IR] 58 BUAL 2 B S o RO
e s kY, BRI AR W& 5aP¥, Phakatka 452
iz FH T 25 R A 0k A T BRI R 1Y v i AR
(MnFeNiCuZn);O( & 5b), I H g it il X G 8otk
3T BN T B4 HEOs 9oRihr kX Sh4: s
JCER ELAT AR P ) = W A Y s Zheng S5 9O F KM g
Z5 iR s — B 5 T B AR SR A 4544 B (CrMn-
FeCoNi)O,, Hilt — B4R T KA S HOF Gk Fikokifz
FERA AR RIRE , SRR A 23 6 I AR
fEAPERE I W35 Tt . Bian® 1 Brandt“!45 HI 555 #4
Loy A T m A L [(FeCoNiMn), Na,]50,
FI(ZnNiMnFeTi),0,(1& 5c¢), I8 1 P g 38 56 31F H:
TE F AR W 7 B R A R] SE SO AT P A

SERRSE T, TRILT m S B R R AN R
o 0 S A AN DK OB £ BT I I T T2 A
BAR ) 5 ) B n] B R v A 2 E kR i
F5 PR vk TR G B AR TR R EL s AR R TE
IR 3 8 1) % R T R — i A
2.5 Hitigik

FEPOTE T S — Fh I T DI S A 1 Ak 2 1 4 B
AU HE 2 B AL 9K MR ) £ L DTTE 8
WIS RS Em R T LS T KK S
il % A IRV VR, B S 5 DT A (=K R R 4 TR
G, BT IR pH A 0 AR R 0 o R A OGS
BRS04 0 90K 7= W i ko AR SR B vk RE . H A,
E AR AL IE il & Z Fh i E Ay . X 28y
AR T A ECR B4 T RER . Shaw 5 40F]
FHAVCE 4 B HEDTVE BRI T A4K S 45 AR b A1
IR B AL ) (AICoFeMnNi);0,, X Fl' 500 ‘CHELS 1K
B2 TR)RE P B 37 2R A 25 Fd-3m 1 i T H
A SRR E M Talluri 5538 56 R FY R ) L T0E 77 %
G T BHOR (CoCrFeMnNi),0, 22 & £1 40 K ki,
VER S 25 A AP BE . LTI R —Fh s Ak
RGBS TR ROR T8 R S8 Ak 0 9 K b R i 25
JEBL T A ARG R A BN A A R
PE AT HETHE R R0CR | B3 T i E AL Y TE 6k
Al AL SR A I Ry S

5 M5 B TR ) £ e A L < () SR A iR B B (b) (MnFeNiCuZn),0, A il M 4544 /R 35 18] 5 (c) £ NiMnFeTi % 5 4%
ALY B T2 I A2 e s
Fig.5 Spray pyrolysis method for synthesizing high-entropy oxides: (a) schematic of the SP method; (b) synthesis and structural

schematic of (MnFeNiCuZn);O,; (¢) SP and electrochemical performance of various NiMnFeTi-based high-entropy oxides!
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Fig.6 Hydrothermal synthesis method for preparing high-entropy oxides: (a) XRD analysis of samples obtained after microwave
irradiation at 130 “C for 1 h (black), air calcination at 900 ‘C (blue), and air calcination at 930 ‘C (red); (b) EDS maps;
(¢) elemental distributions of (CrNiFeMnZn);0, nanoparticles’**!
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P 7 R 4 1 5 0 SR AE B - (a~c) La(CrMinFeCo,Ni)O; £5 4k #° HEOs 10 mA/cm? B ) OER i Hi 3 1 TOF ff , #h fb 1 £ , fn
EIS # ;(d~e) (FeCoNiCrMn),0, W M IE 5 K JC & 43 4 ; (f~g) CrtMnFeCoNi-HEO WL TE $i & It & 43 17 ;(h) HE-MOF-350-200 [
HOWIE 34 ; (i~1) (HfZrLaVCeTiNdGdYPA)O,, 10-HEO W I 31, 76 % 4 A K], 4l 5 R Oy 20 mV/s 1) (9 LSV il £k, #i
0.85 V(vs. RHE)H [ HL it % £ ; (m~n) AINiCoFeCrMoV-HEO/CoNC # ft ili £& 71 Koutecky-Levich [lij 45506407
Fig.7 High-entropy oxides in electrocatalysis: (a~c) OER overpotential and TOF values at 10 mA/cm? polarization curve, and EIS
curve of La(CrMnFeCo,Ni)O; perovskite HEOs; (d~¢) microstructure and elemental distributions of (FeCoNiCrMn);0,;

(f~g) microstructure and elemental distributions of CrMnFeCoNi-HEO; (h) microstructure of HE-MOF-350-200; (i~]) microstructure,
elemental distributions, LSV curve at a scan rate of 20 mV/s, and current density at 0.85 V (vs. RHE) of (HfZrLaVCeTiNdGdYPd)O,,
10-HEO; (m~n) polarization curve, and Koutecky-Levich curve of AINiCoFeCrMoV HEQ/CoNC %6667

SHEOs (FeCoNiCrMn);0, ftl A4}, Lok, w4 i 51
R ) VRS W R 2K RE 8 4 B ORL A TROUL T 2E PR RE
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Fig.8 Structure and electrochemical properties of (FeCoCrMnNi);0,: (a~c) electrochemical properties; (d~f) microscopic morphology;
(g~k) elemental distribution maps™*
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