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Abstract: In recent years, high-entropy ceramics have attracted extensive attention from scholars at home
and abroad because of their superior properties to traditional ceramic materials and ability to meet the needs
of extreme service environments better. Thanks to the “high-entropy effect” , high-entropy carbide ceramics
have better mechanical properties, oxidation resistance, and high-temperature stability. In this paper, we
briefly introduce the research status of high-entropy ceramics and summarize the preparation methods of
high-entropy carbide ceramic powders and blocks. The mechanical properties, thermal conductivity,
oxidation resistance high-temperature stability, and ablation resistance of high-entropy carbide ceramics are
reviewed and discussed, and the application of machine learning in the development of high-entropy
ceramics 1s briefly discussed. Finally, in view of the existing problems in the research of high-entropy
carbide ceramic materials, the development of new systems, preparation methods, high-temperature
performance testing, machine learning, and theoretical calculation are summarized and prospected.
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Fig.1 Current status of publications in field of high-entropy ceramics in recent years

(a)the number of publications on high-entropy ceramics included in the Web of Science database from 2016 to 2023;

(b)the number of publications on various types of high-entropy ceramics published in 2023
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Table 1 Advantages and disadvantages of different preparation methods for high-entropy carbide ceramic powders/bulks

Preparation method Advantage

Disadvantage

Carbothermal reduction'®’

[39]

High energy ball milling Simple process

Molten salt"*! Low synthesis temperature

Liquid phase™" Low synthesis temperature

Pressureless sintering'*?’

Hot press sintering™**’

Spark plasma sintering"*!!

Low cost and can be synthesized in large quantities

Simple process, low cost and near-net-shape

Good homogeneity and preparation of large-sized components

Fast sintering speed, small grain size and low synthesis temperature

Difficult to precisely control the carbon
content

Easy to be oxidized and to introduce
impurities

Impurities need to be removed

from the powder

Multiple steps in the preparation process,
unstable liquid phase

High sintering temperature and
significant grain growth

Strict mold requirements and

high production costs

Unable to produce large quantities due

to equipment limitations
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Table 2 Mechanical properties of some high-entropy carbide ceramics

Material Preparation Relative Nano- Young’s modulus/  Flexural Fracture toughness/

ateria /e
method density/ % hardness/GPa GPa strength/MPa ~ (MPa-m'?)

(TiZrHINbTa)CH! SPS 97.3 21.940.4 47445 332424 4.5140.61

(TiZrNbTaMo)CH! HPS 98.6 31.3+25 46748 446424 3.2840.12

(TiZrHfNbTaMo)C!*? PS 96.5 33.2+15 3.740.2

(TiZrNbTa)C® SPS 99.2 33.240.5 46247.1 4.540.31

(HfZrTaNbTi)CH! HPS 95.3 40.640.6 514410 3.0£0.2

(HfZrTiTaNb) ! HPS 99.0 25.0£1.0 2450 421427 3.540.3

(TiVNbTaCrw)C!6! PS 96.0 20.3+£1.2 461411

(HfTaTiNbZr) ! SPS 94.8 25.743.5 473437

(HfTaTiNbMo)C"! SPS 93.8 23.842.7 544448

(TiZrHINbTaW ) 62! HPS 98.4 18.1+0.6 506410 409410.6 3.240.58

TiC 28 452

7:C 25 350

HIfC 20 420

TaC 16 290

NbC 18 240
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Table 3 Part of thermal property data of (Hf,,Zr,,Ta,,Nb,,Tiy;)C and HfC,ZrC, TaC,NbC, TiC

Material Thermal diffusivity/ Specific heat capacity/ ~ Thermal conductivity/ Thermal expansion
(mm?-s™ 1) (J-kg 'K (Wem K™ coefficient/ (10 K™ ")
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