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Application Progress of Multi—scale Simulation Method in Ultrahigh—

temperature High Entropy Ceramic Materials
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Abstract  Ultrahigh—temperature high entropy ceramics are composed of refractory metal carbides, borides and
nitrides, which exhibit high hardness, high temperature strength and good thermal stability. Ultrahigh—temperature
high entropy ceramics become one of the hot research directions in the field of ultrahigh temperature ceramics.
Compared with traditional materials, ultrahigh—temperature high entropy ceramics involve complex component
space, multiple scale dimensions and extreme multi—field coupling service environment. The efficiency of developing
ultrahigh—temperature high entropy ceramics by traditional trial and error method is poor. Therefore, it is necessary
to change the material research paradigm and improve the developing and application efficiency of ultrahigh—
temperature high entropy ceramics by relying on multi-scale simulation calculation method. The representative
multi-scale material calculation methods is briefly introduced, and the typical application achievement of multi—
scale materials calculation methods in the research of ultrahigh—temperature high entropy ceramics are summerized.
Finally, the prospect of multi-scale material calculation methods in the research of ultrahigh temperature high
entropy ceramics is prospected.
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Fig. 4 Lattice parameter, density and the variation law of local
lattice distortion with pressure[the illustrations in (b) are

undistorted and distorted (100) atomic layer, respectively ™
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Tab. 2 Elastic modulus, theoretical Vickers hardness,
Poisson’s ratio of some carbide ultrahigh—temperature high
entropy ceramics

B¢ B HJ
FHA R v Ref
PIRHER GPa GPa GPa GPa ¢

(MoNbTaVW)C, 312 183 460 28 - a1l
(HfNbTaTiZr)C, 262 192 464 29 - s
(HINDTaTiV)C, 276 196 475 30 - fa1]
(HfNbTaTiW)C, 291 203 493 31 - 1
(NbTaTiVW)C, 305 199 490 30 - fa1]
(HfTaTiWZr)C, 274 191 466 29 - 1l
(Z1,25Nby 55 Tig Vo ,)C = - 4526 262 - (491
(HfTaZrTi)C 255.1 1647 4059 20.7 023 "
(HfTaZrNb)C 270.4 2052 4856 288 020
(NBTalizC 250 177 429 - 0213
rn i AR
(NbTaTiZr)C 264 189 458 - 0211 ¥
TG fit Ak R 72
(NPTiVZr)C 270 197 476 - 0206
Al AR
(NPTiVZr)C 274 203 489 - 0203
T A Mg 72
(TiZrNbTa)C 254 466 195 29.1 0.194 M

WA 5 i RO TFIAS LD 8 B RS W22 i (NB T VZr)
CHI(MoNbTaVW ) C 72245 BEER ) . 55 Jay dufi e 25 14 i
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T 15 A W Y A P AR WA R TSI B 1 Y 1
T i e M RE ARSI FE T A o) 1 i 0 P e A
B — R A EE AR R E L

*3 HHEEERSHEMENB/G. FITEE S (Cauchy pressure) AT E(E

Tab.3 The B/G,Cauchy pressure,A" of some ultrahigh—temperature high entropy ceramics

FI P4 1 /GPa
MoEMAFR BIG AU Ref
CIZ_C66 Cls_C44 Clz_C44

(Hf, ,Zry ,Tay ,Nby, Ti, ,)B, 1.15 -171.47 -99.45 - 0.15 1441
(Hfy ,Zry ,Tay ,Mo, ,Tiy ,)B, 1.32 -162.58 -44 .88 - 0.45 (441
(Hiy 2y, Tay ,Cry T, )B, 1.22 -174.86 -63.50 - 0.26 1441
(HfTaZrTi)C 1.6 - - ~19.3 _ 1531
(HfTaZrNb)C 1.3 - - -71.5 - 531
(TiZrNbTa)C 1.303 - - =75 0.120 (461

PR e A 1) S T TR A 2 28 G
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Tab.4 The density,v,,v,,v, and 0, of some ultrahigh—temperature high entropy ceramics
SHAS R cem” v/me-s” v/mes” v /mes” e
MEHAZ plgrem™ Jmes™! Jmes™ Jmes™! 0,/K Ref
(Hf, ,Zr,,Tay ,Nby ,Ti;,)B, 8.34 5265 8298 5790 820 1l
(Hf,,Zr,,Tag ,Moy, i ,)B, 8.52 4 886 7948 5392 767 3l
(Hf, 7, ,Ta, ,Cry,Ti),)B, 7.98 5167 8267 5692 811 i
(HfTaZ:Ti)C 9.62 7024.61 4137.70 4 585.34 599.76 =31
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(TiZrNbTa)C p=0 GPa - 7839 4828 5326 704 tael
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Fig. 6 The variation of lattice parameters and thermal expansion coefficients and phonon thermal conductivity of (Zr, ,Hf, ,Ti, ,Nb, ,Ta, ,)

C with temperature**
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