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Fig.1 SEM images of Yb,Si,07 (a), 4RE (b), SRE, (c) and SRE: (d) powders
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Fig.3 Overall (a) and localized (b) XRD patterns of Yb,Si»O7, 4RE,
SRE, and 5RE; ceramic blocks
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Table 1 lonic radius of rare earth (RE) elements (nm)

Element Ionic radius
Sc 0.745
Lu 0.861
Yb 0.868
Y 0.900
Er 0.890
Ho 0.901

4 /& Yb,Si,O;,« 4RE. 5RE, fll 5RE, g % bk
PR IME, ENTHREIE 7 28 140.64. 182.48,
191.22.190.04 GPa. 5 Yb,Si,0; it 4RE. 5RE, 1 5RE,
(s ER R 5 ETH T 29.75% 35.96%A1 35.12%. &
MHBE%E M+ RE Jt& (RE=Lu, Yb, Y, Ho, Sc, Er) [
B, FTROURERR B o M A I BT .

K 5 & Yb,Si,0,« 4RE. SRE, fil 5RE, Mg & Bk

Yb,Si,0; 4RE  5RE, 5RE,

K4 Yb,SiO7. 4RE. 5RE; Fl SRE, P & e fa i st A5 i
Fig.4 Elastic modulus of Yb,Si,O7, 4RE, SRE; and 5RE, ceramic
blocks
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Fig.5 Thermal conductivity of Yb,Si,O;, 4RE, 5RE; and 5RE,

ceramic blocks
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5 ER B A AU A K RO T AR R E A
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PR EEHUAR IR R o NIRRT LA H, 4 Pl &
PRI R R BB IR T g o, R T
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Fig.6 Coefficients of thermal expansion of Yb,Si,O7, 4RE, 5RE,

and 5RE; ceramic blocks
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Table 2 Lattice constants of Yb,Si,O7, 4RE, 5RE; and 5RE, ceramic blocks

Material Structure Space group b/nm c¢/nm p(°)
Yb,Si,0 Monoclinic C2/m 0.69454 0.87340 0.47445 102.62
4RE Monoclinic C2/m 0.69350 0.87357 0.47396 102.76
SRE, Monoclinic C2/m 0.68607 0.87239 0.47160 102.14
S5RE, Monoclinic C2/m 0.70729 0.89153 0.48663 103.05
5RE, 250 [ J1300C-0n
——-LL_.JJ M At A ~ B L/ ]1300 C-30h
~ 200 DN\ 1300 ‘C-50 h
SRE, [aW r I
5 | In N lll | WP SV M Q _7_§ 7_§ _7§
. 172)
2 aRE = 150
‘g | I l | PN BT Ao "g
5 s
ﬁ L Yb,Si,0, S 100
L Il P TR T T g
PDF#82-0734 Yb,8i,0, m 50p
| || L I Lt ottt o 0
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Bl 7 Yb,SiO7. 4RE. SRE; Ml SRE, i iHLiA 1300 CHRE 50 h
) XRD [

Fig.7 XRD patterns of Yb,Si;O;, 4RE, SRE; and 5RE; ceramic
blocks held at 1300 ‘C for 50 h

Bl 8 AROREA 1300 CLRE 30, 50 h J§ Yb,Si07. 4RE. 5RE,
Fl SRE, M B A iy sep P A%

Fig.8 Elastic modulus of Yb,Si»O;, 4RE, SRE; and 5RE, ceramic
blocks without insulation and held at 1300 C for 30 and 50 h
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EE, LA IR R BRI T 250 50 R % T 5.59%41 24.78%
(YboYo2Lug2Erg2H0p2),S1,07 5 (Yby25Y 0.25Lu0.25Er0,25)281,07
FHEE, PUZAK R BN T 14.24%, G R FE T 15.51%.
XRFATE Yb,S1,0, HilIn# - t% (RE=Y, Lu, Er, Sc,
Ho) &{fifrRlsatfi s Ert. A2 415 B s kg
ShEA AR E A, 5 R E A 5
SR, L JFG PR 7 A P it R W AR A A R P i FEE RS 52 16

BRI RERR L AR 1T

N0 Sc A Ho JeaR FIMBHA SR EFAR, B vina
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T2 taar 1t P20, 1, 7R S2 5 B RO KD 75 1 (4T 2
HIFE, e RN BT HAEM S T K2 B g,

3 4
1 e’ @
L, 4n0v’

3 4
LZZCaa) J A 3
Ly wO

A, o NIETFHRR o WBHEE: o N TR o
R s J N y N Griineisen W8 4, A%
WIREZE; A, AR HEAL .

T AR RS AR S A AFER LS T, BT
[F) B AN AR ZE IR, XM R BRI BERE I, 875
BRI ZRRER T AT RSP B e, B 7 AT
(RTHUH %ﬁl(Ybo.zYo.zLuo.zEro.z500‘2)2Sizo7 AM(Ybo2Yo2-
Lug,Ery,Ho0y,),S1,0; HI#F X5 Yb,Si,0, ML &H
o RH(Ybo2sYo2slug25Eros), SO, MBI USRI KL, ki
BRFEWE —3, i3k 3 AIAL, WMt Sc TERM 41 5
A FEVRIN Ho TR MIEUE st 1 MCE R, BIRE &

®3 ASRBEXSY

Table 3 Related thermal conductivity parameters

Material Equivalent RE relative atomic mass Equivalent RE*" radius/nm
(Ybo.25Yo0.25Lu925Er025)2S107 151.046 0.0879
Se,Si,07 44.956 0.0745
Ho,S1,07 164.93 0.0901
(Ybo2Yo.2Lug2Er2S¢02)2S1,07 A,=0.70 A,=0.15
(Ybo2Y0.2Luo2Ere2H002)2S1,07 A;=0.09 A,=0.02
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4 10 Fi7R /2 4RE. SRE, fll SRE, M 20635, M
ULE I/ E TR AR Se B R (Yoo Yoo Luo o
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[A] F) o & W A8 B8, M9 T SO IK S TR EL B, B A
(Ybo2Y2Lug2Erg2Sc,),SiO7 MK 22 A% TN 1
KETH4% Ho TLERIIEIE(Ybo2Yo2LugEre,Hoy,),S1,0; 1£
830~1000 cm™ (Si-O BEMRLIIRS)) 2 [] (4 2 06 th L
ARG, SEMBHIERK A 7B, A
M REOE . HETE 400~1400 TG P IHIHARZIK &
HOR 2.56x10°~4.75x10° K, X HHEJE CMC 1K
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(Ybo2Yo2LugErg,Hoy5),S1,0, FA KT A 5 EL R
BT IR VIR 2R O 3 5 VR 2 R S LRI S5 [
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(Ybo2sY025Lu025Er025)2S107+ (Ybo2Yo2Lug2Erg25¢0,)251,07
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i A AL B RS A IR P R T s T A, JLHhAE 1300 CHR
It 50 h &, (Ybo2Y 2L ug2Er25¢02)251,07 B R S
Yb,81,07+ (Ybo25Y0.25Lu0.25Er025)281,07 A(Ybo, Yo 2Lugo-
Ery,Ho,),Si,0; #HL NI K. HREIRIE LT
Yb,Si;07+ (YbosYo25Luo25Er25)251,07+ (Ybo2Yo2Lugo-
Er(5¢0.2):S1,07 M(Ybo2Yo2Lug2Erg2H002),S1,05 W e B
TRARLL, Ze3d 1200 A1 1300 C AR 50 h J5 4 7 % e fds
IR R B0 R BE T 2.53%M 2.24%. 2.18%F

(Yby gLy ,Ho, 2),0,0,

(Yby,Yg,Lug,Erg ,8¢9,),81,0,
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Fig.10 Raman spectra of 4RE, 5SRE; and 5RE»
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H(Ybo2Yo2Lug2Erg2Hoy,),81,0; B REHAK, £ 4 il
Bgkd s n 7 Ho Jt & B =i M (Ybo2Y2Lug,Erg -
Hoy.2),S1,07 B A IR 1A 5 201 5 5 i BE 40 R AV K 31
H, HEHTAE AR IR R AR

20 X YbSi0;7 + (YboasYoasLugasErs),S1,07
(Ybo2Y02Lug2Er0,5¢02),51,07 %ﬂ(Ybo‘2Y0<2Lu0‘2Er0‘2H00,2)2Si207
W iAW TR W], AERAMAR AN Y Er A1 Lu T
FoRHEMEHAR E 1 Sc Al Ho Jo & FRINAT R %
Sc TR M EHAEZIK R4, Ho JoRIGINA L H
Kk &%

3) 25t 1200 F1 1300 CLRUEIS, Yb,Si,07 Fl = XL
TR (Ybo.25Y0.25L0025Er025)281,07 ~ (Ybg2Yo2Llugo-
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Study on Thermal Stability of High-Entropy Bisilicate Materials

Ding Kunying, Jia Zhihao, Kong Xiangfen, Wang Mengxiao, Wang Zhe, Zhang Tao
(Tianjin Key Laboratory of Civil Aircraft Airworthiness and Maintenance, Civil Aviation University of China, Tianjin 300300, China)

Abstract: Yb,Si;0; and high-entropy bisilicate powders (Ybo25Y0.25Lu025Er025)2S1207, (Ybo2Y02Lu2Er02S¢02)281207, (Ybo2Yo2Lug2Er -
Ho,)2S1,07 were prepared by solid phase reaction. The phase composition, coefficient of thermal expansion, thermal conductivity, and elastic
modulus of the four ceramic blocks were analyzed before and after heat preservation treatment. The results show that the coefficient of thermal
expansion and thermal conductivity of high-entropy (Ybo2sYo25Lug25Erg25),Si,07 are similar to those of Yb,Si,O7, and the elastic modulus is
increased by 29.75%. Compared with (Ybo2sYo25LuoasEr25):Si,07, the coefficient of thermal expansion and thermal conductivity of
(Ybo2Yo2Lug2Erg2Sco2).S1>07 are decreased by 5.59% and 24.78%, respectively. Compared with (Ybo25Y0.25Lu¢25Er025)2S1,07, the coefficient of
thermal expansion of (Ybo2Yo2Lug2Erg2Hog2),Si207 is increased by 14.24% and the thermal conductivity is decreased by 15.51%. This indicates
that the thermal conductivity of (Ybo2Yo2Lug2Ero2Hog2),Si,07 with Ho elements decreases, and the increased coefficient of thermal expansion is
closer to that of the substrate CMC. After holding at 1200 and 1300 °C for 10, 30 and 50 h, Yb,Si,07, (Ybo2sYo25Luo25Er25)2S1,07,
(Ybo2Yo.2Lug2Er)2Sc02)2S1,07 and (Ybo2Yo2Lug2Er2Ho2)2S1,07 all exhibit good high temperature phase stability, their coefficients of thermal
expansion decrease and remain close to that of the substrate CMC, and their elastic modulus is increased with the increase in the holding time.

Key words: high-entropy bisilicate; thermal environment barrier coating; thermal conductivity; coefficient of thermal expansion; elastic modulus
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