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Abstract: To improve the service temperature of high-temperature components in engines and search for
high-temperature resistant and high thermal insulation thermal barrier coating materials to replace YSZ, a
high entropy rare earth zirconate ceramic material is designed based on a multi-element rare earth doping
modification strategy, combined with the phase structure formation law, size disorder, and thermal
conductivity theory of rare earth zirconate. The A-site high entropy of rare earth zirconate 1s synthesized using
solid-phase synthesis method to prepare two high entropy ceramic materials (Sm,,Gd.Eu,.Lu,:Dyq2) 2Zr,0;.
The microstructure, phase stability, and thermal physical properties of high entropy ceramic materials are
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studied. The results indicate that (Sm,,Gd,.Eu,,lu,.Dy,) »Zr,0; ceramic material has a defect fluorite

structure, a dense ceramic material structure, no obvious defects, and the synthesized ceramic material

configuration entropy shows that it belongs to a high entropy system; after sintering at 1400 “C, the

(Smy,Gdy,Eug.Lug:Dyos) »Zr,0; ceramic material shows no significant grain growth, no precipitation of

single oxides phases, and exhibits good high-temperature stability; at 1000 °C and 1200 °C, the thermal
conductivity of (Sm,,Gdg,Eug2luy,Dyq2).Zr,0; ceramic material is 1.781 W-m 'K ' and 2.056 W-m '-K™',
respectively. Compared with conventional rare earth zirconate and YSZ materials, it has lower thermal

conductivity and is a promising material for ultra-high temperature thermal barrier coatings.

Key words: high entropy ceramic; thermal barrier coating material; phase structure; thermophysical

property
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Table 3 Tonic radius and relative atomic mass of elements used

in SD ceramic materials

Ion Tonic radius/nm Relative atomic mass
Sm?*™ 0.1079 150.36

Eu®™ 0.1066 151.964

Gd** 0.1053 157.25

Dy*" 0.1027 162.500

Lu** 0.0977 174.967

7t 0.0720 91.224

0¥ 0.1380 15.9994
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Table 4 Calculation results of average atomic mass

and 1on radius difference

Mean atomic mass Mean ion radius

Material . )
difference(Am/m) difference(Ar/r)
SD 0.99837 0.2167
GdZr,0. 1.00714 0.2147
Sm,7Zr,0, 0.98297 0.2118
Eu,Zr,0, 0.99267 0.2132
La,Zr,0- 0.95683 0.2047
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Fig.2 XRD patterns of (Sm,,Gd, ,Eu,,Lu,,Dy,,),Zr,0; high

entropy ceramic material
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Table 5 EDS elemental surface scan results in different regions

of ceramic materials (mass fraction/ %)

Region  Sm Eu Gd Dy Lu Zr O

SD1 721 699 720 685 7.24 4701 1749
SD2 6.24 652 6.22 6.04 6.28 4491 23.79
SD3 6.81 643 6.39 6.17 595 4446  23.80
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Fig.3 EDS diagrams of (Sm,,Gd, ,Eu,,Lu,,Dy,,),Zr,0, ceramic material
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Table 6 Calculation results of EDS element configuration

entropy in different regions

Region Configuration entropy
SD1 1.605R
SD2 1.606R
SD3 1.609R
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Fig.4 XRD patterns of (Sm,,Gd, ,Eu,,Lu, Dy, ,),Zr,0; high

entropy ceramic material sintered at 1400 °C
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Fig.5 SEM microstructure images of (Sm, ,Gd,,Eu,Lu, Dy, ,),Zr,0; material sintered at 1400 °C after heat treatment
(a)original; (b)50 h;(c)100 h; (d)150 h;(e)200 h
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Table 7 Unit cell parameters, bulk density, and theoretical density of SD ceramic materials

Lattice parameter/nm  Unit cell volume/nm®  Relative atomic mass ~ Measured density/(g-ecm™®)  Theoretical density/(g-cm™®)  Porosity/ %
1.0581 1.18462 814.08 6.72 6.87 2.18
0.65
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Fig.6 Thermal diffusivity(a) and heat capacity (b) diagrams of (Sm, ,Gd,,Eu,,Lu, ,Dy,,),Zr,0; ceramic materials
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