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Abstract: Using the conventional solid-state method, high-entropy ceramics with a perovskite structure
(Cag25St0.95Ba, 25Pbg o5 ) (Zr, Ti,—,) O, are prepared. The effects of configurational entropy and annealing heat
treatment on the phase composition, microstructure, and thermal conductivity of the ceramics are
investigated. The results show that the combined influence of entropy engineering and heat treatment
processes results in an increase in the porosity of the ceramics, the precipitation of the PbO nano-second
phases with low thermal conductivity, a reduction in the average grain size, and a significant reduction in
the thermal conductivity. The structural disorder introduced by the high-entropy composition effectively
enhances the stability of the thermal conductivity and imparts glass-like thermal transport characteristics to
the ceramics. When £=0.20, the ceramic exhibits optimal thermal insulation performance and thermal
conductivity stability, with &g =0.89 Wem"-K™' and Axppg0c =0.07 Wem'-K™', providing
alternative materials for high-temperature thermal insulation applications.

Key words: thermal insulation material; high-entropy ceramic; heat treatment; microstructure; thermal

transport property
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Table 1 Raw materials used in the experiment

Reagent Grade Purity/ % Manufacturer

CaCOy AR 99.0 Sinopharm Chemical Reagent Co., Ltd.

SrCO; AR 99.0 Sinopharm Chemical Reagent Co., Ltd.

BaCO, AR 99.0 Sinopharm Chemical Reagent Co., Ltd.

PbO AR 99.0 Sinopharm Chemical Reagent Co., Ltd.

71O, AR 99.0 Sinopharm Chemical Reagent Co., Ltd.

TiO, AR 99.8 Xuancheng Jingrui New Material Co., Ltd.

C AR 99.0 Sinopharm Chemical Reagent Co., Ltd.
[—CH,CHOH—], AR 87.0-89.0 Shanghai yuanye Biological Technology Co., Ltd.
2 HREHH RHR, )

V2 (Ry+Ro)

2.1 FERBEERSHMULEH
X FAGBRAT S5, SR T 22 I () A T 45 44
AR

AP Ry Ry 5 Ro MR ES BRI Z5H v A (B FHES 1
SR AR L RS T S AR s BT T 1 A BR A 4G
P AR SE . R 25 1 4% 20 0 Bl e 0 4 22 IH 1 kg 2
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Table 2 Tolerance factor(z) and configuration entropy (ASc,)
of (Cay Sty 2sBay »:Pby »5) (Zr, Ti, ) O, ceramics

Sample 1D t AScons

7Zr05 1.009 1.49R

Zr10 1.006 1.55R

7Zrl5 1.004 1.60R

7r20 1.000 1.64R

5, 2N TE I AE 1.00~1.01 2 [8] , i Hofa @ 1
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Fig.1 Apparent density and closed porosity of (Cay ,5St, ,sBag »5Pby 55)

(Zr,Ti,_,) Oy ceramics
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Fig.2 XRD patterns of (Ca, St »sBay »5Pby »5) (Zr, Ti; ) O, ceramics before(a) and after(b) annealing
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3 (CayasSrasBag,sPbyys) (Zr,Ti, ) O, FF & TERER
Table 3 Element information in (Cay .St ,sBag »:Pby 25)

(Zr,Ti, ) O, ceramics

Element Oxidation number ~ Coordination number — r./pm
Ca +2 X 134.0
Sr +2 X 144.0
Ba +2 X 161.0
Pb +2 )\ 149.0
Zr +4 Vi 72.0
Ti +4 Vi 60.5
O —2 Vi 140.0
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Fig.3 BSE image of the cross-section of Zr05 ceramic
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Fig.4 SEM images of cross-section of (Cay St »5Bag 25Pbg »5) (Zr, Ti; ) O, ceramics before(1) and after(2) annealing
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Fig.5 Temperature dependent thermal transport properties of (Cay St »5Ba, ,:Pby ) (Zr, Ti; ) O, ceramics

(a)specific heat capacity ; (b)thermal diffusivity ; (¢)thermal conductivity
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Table 4 Reduced thermal conductivity of (Cay5Sr5Bag25Pbys)

(Zr,Ti;,)O; ceramics

Sample TD Akyo-g00c/ (Wem K1)
7105 0.18
Zr10 0.13
7rl5 0.09
7120 0.07

TP PERR R L R T R TSR T
HES-S

By e P AL A 181 6 BTz o % T AR 18, #4
e 385 5 AR W 5 N PR AROULAE A L 4 5 S H
RS, XL ROIRL T EE S DT U
To TG TR B A AR R X, FE A ST

AT HIE, BARTR W BB N AR i U7 25 )8
P ERRADR I TR Z RIS S T
vz, s R EUR o A T AU LS 3 AL
FUTHTHCSS T - O LR R O AR e
TR R R R R Y R R B B BT
ZE 5 IR0 22 SR P TR GO AR DA R AR B A Ry
SRR AESE Ao PRI, DAy e R JEE i P AR ) A
T E G Z PR HLA , SC B 585 R L
S A A 2L L R Bl A U A Y R AR
I3 AT, PRI A AR T R O L.
REAEIR K e v 7 A 2 2] TR B LA AR A
SR PO 2 A AT LLydi /b A RE A B PR A X . A4
BHARZR B AEAE 5T 1 B 85 IR Y OO B
51 S 9 R 240 A BG5BT B R 5 R

B16  (CagpsSr0.25Ba,55Pby o5) (Zr, Tiy ) O, B Pz ML

Fig.6  Thermal transport mechanism diagram of (Ca »5Sr »5Bag »5Pbg »5) (Zr, Ti; ) Oy ceramics
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