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Recent advances in high-entropy materials and their catalytic performance
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of Catalysis and Materials Science , South-Central Minzu University, Wuhan 430074, China)

Abstract In recent years, high-entropy materials as a novel multi-component alloy system have become a research
hotspot in the field of catalytic materials due to their adaptable structures, tunable chemical compositions, and diverse
functional properties. These unique compositional structures and performance advantages have provided new opportunities
for the design of catalytic materials. The unique multi-element compositional space in high-entropy catalysts facilitates the
precise modulation of catalytic activity and selectivity. Moreover, the heterogeneous active sites generated through the
random mixing of multiple elements render them particularly well-suited for multi-center catalytic processes. In addition,
the high structural stability of high-entropy catalysts enables them to maintain excellent catalytic activity and long service
life under harsh reaction conditions such as high temperature, high pressure, and corrosive atmospheres. Based on these
advantages, high-entropy catalysts have demonstrated excellent catalytic performance in important catalytic reactions such
as Fischer-Tropsch synthesis (FTS) , electrocatalytic hydrogen evolution reaction (HER) , oxygen evolution reaction
(OER), and CO; hydrogenation. Based on the investigation of the application of high-entropy materials in the Fischer-
Tropsch synthesis reaction, a comprehensive overview of the preparation methods for high-entropy materials, including
mechanochemical techniques, and research progress of applications in different catalytic systems was briefly provided.

Keywords high-entropy materials; Fischer-Tropsch synthesis; mechanochemical method; hydrogen evolution reaction;

oxygen evolution reaction; CO, hydrogenation reaction
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Fig. 2 Preparation methods of HEA in different dimensions and schematic diagrams
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JE AL, 4N P &L (Pd R Ru & DL AR Bt 4 A AL
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3] 2 2 B85 T HEM 7E CO, & i — 220 1
2.3 HEMLH SR (Hydrogen Evolution Reaction,

HER)

HER J2& Hu fff K ik 78 v B R 7 S G BE BV, 6
Ko B, F R ok 2 HER () 50 AL ) a2 B 4 st 1
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Tab. 2 Catalytic performance of CO, hydrogenation reaction over different HEM catalysts

PR %
AL il 25 ik I CCET(MPa)  CO, #4403 /1%  CO=%/(pmol-g '+s™) B ik
CO  CH, CH,0H
CoNiCuRuPd/TiO, Rk 400 “C/H — — 150 320 — [32]
CoMnNiCuZnO, BRI 500 C/H 48.0 — 95.0  — — [7]
Rh/(MgCoNiCuZn)O AN 500 C/H & — 100.2 — — [33]
Ru/(NiMgCuZnCo)O 48.0 — 980  — —
BRES 500 C/% [34]
PY/(NiMgCuZnCo)O 50.0 — 980  — —
PtPAIrRhRW/TiO,  KAAME 55 Pt i 450 CIH 62.0 — — — — [35]
Cu,Zn Al CeZr, O, HLTTE s 250 °C/3 MPa 3.0 — 400 — 580 [36]
B A AR B K o0 T 7E HER B3R 4R B Bt Pt Al P A AL 57 7E HER 3 30 A0 S 3% 1 L (H

TR RS KU SR A G A R T AL K G R 0 2 AR R A T S LB W, T A
PERRRT 60 HEARES , T LU B4 B & R0 1 7= IR, 7641 A 1 0t 2 R IR 4 B HEA i fi
e Al R SRR T b | FLRCRARE RO T A o AR RS T s A AT . 9 3 4
PERER 2 Wik B 4 X HER ORI 45T HEM /& HER 11— 2 7 1]

%3 HER " HEM fi L5 1 1Rk
Tab. 3  Catalytic performance of HER over HEM catalysts

AL LR ke Tafel #%/(mV-dec™) ﬁEEfE/mVLl SN 27 ik
) 41.0 95.0 0.5 mol-L”' 1,80,
Cr Fe, Co,NiyMo, HL5S A R [14]
66.0 70.0 1.0 mol-L "' KOH
CoCrFeNiAl i RERLAR AL 7 1 39.7 73.0 0.5 mol-L™' 1,80, [39]
60.0 — 1.0 mol-L' KOH
CuAINiMoFe FLAE LU [40]
50.0 25.0 ik
NiCoFeMnCrP eI 94.5 220.0 1.0 mol-L™' KOH [41]
V,sCuCoNiFeMn i REMLIR AL 7k 148.0 — 1.0 mol-L™ KOH [42]
AlINiCoIrMo A4k 33.2 18.5 0.5 mol-L™" H,S0, [43]
AINiCuMoCoFe AT 28.0 — 0.1 mol-L™' KOH [44]
FeCoNiWMo {1 REBLAR AL 277 31.0 35.0 1.0 mol-L™' KOH [45]
NiFeCoCuTi HLAS BV 43.0 — 1.0 mol-L™ KOH [46]
FeCoNiCuAl,Mn A4k 56.9 9.7 1.0 mol-L”' KOH [47]
37.4 32.0 1.0 mol-L™' KOH
PAPICUNiP Wtk gi 2ok (48]
44.6 62.0 0.5 mol-L™' H,80,
IrPdPtRhRu TR i3 — 6.0 1.0 mol-L”" HCIO, [49]
NiCoFeMoMn RSN 29.0 — 1.0 mol-L™ KOH [50]
PtRhNiFeCu TR 29.6 13.0 1.0 mol-L™' KOH [51]

O MR A L2514 10 mA-em™.
2.4 H{EHH E R A (Oxygen Evolution Reaction, W —OH XA, Bt OER B4 3 A F i s v 85 1

OER) 27 MAERRYEA R, 2K 5 F 1) O—H B8 1 7 24 7 22
OER J&—Fhiliid— R H - T e WS RER: , i S ERY: OER 193 J12% v 2218 .
Eor P AL R OER 3 #2385 M DU B 7 F i 1 fie 1t OER B9 U457, 40 10, A1 RuO,, T 32

Fr2 LR O—O ML L, Sh /122 BONIR SR, T it B S v AR ) B, HEM A7 B2 B — FfA il 5t
KA AR — RNt TS A+ BN £ 4 845 7 HEMAE OER P i—SERH]
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Tab. 4 Catalytic performance of OER over HEM catalysts

AT ik Tafel £ %/(mV-dec™) LA mVY FHL A I EZ BTN
AINiColrMo Jit ik 55.2 233.0 0.5 mol-L™" H,S0, [43]
AINiCoRuMo IR Y 227k 54.5 245.0 1 mol-L™" KOH [43]

NiCoFeMnCrP VIR v 52.5 270.0 1 mol-1.”' KOH [52]
CuNiFeCoZnMnMgF LR v 227 45.2 292.0 1 mol-L.”" KOH [53]
MnFeCoNiCu TG 43.0 263.0 1 mol-1”' KOH [54]
AlFeCoNiCr A Ak 52.0 240.0 1 mol-L™' KOH [55]

La, St ,Co, ,Fe,,Mn,,Ni ;Mg ,0, A BRI 1 45.0 320.0 1 mol-L”' KOH [56]
FeCoNilrRu/ CNF oAb Py 153.0 241.0 0.5 mol-L™ H,S0, [57]
CoCrFeNiMo Tk 59.0 220.0 1 mol-L”" KOH [58]
NiCoFeMoMn A ik 37.0 — 1 mol-L”' KOH [50]
CoFeGaNiZn FCAS LR R 71.0 370.0 1 mol-L”' KOH [59]

Al CrFe,Ni, LS LA R 47.9 259.5 1 mol-L”' KOH [60]
FeCoNiMoW KL 36.7 233.0 1 mol-L”' KOH [61]
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