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Abstract: Doping magnesium into La,Ce,0O; can increase its thermal expansion coefficient (TEC) and decrease its
thermal conductivity (TC), thus improve its performance for thermal barrier coating (TBC). (La; . Mg,),Ce,0;., ce-
ramics were prepared by Sol-Gel method. Powder X-Ray diffraction results revealed that (La,. . Mg,),Ce,O5.,
showed the identical structure as La,Ce,0; (defect-fluorite type), and the crystal parameter decrease with increasing
x value in the range of 0<<x<:0.4, and MgO occurred in the product when x>0.4. The TEC of (La,; . Mg,),Ce,O7.,
sample (0<<x<:0.4) with the same composition increases with the increasing temperature, whereas the TC presents
the opposite trend. At the same temperature, the TEC of the (La;..Mg,),Ce,O-., sample (0<<x<:0.4) with different
composition increases with increasing x value whereas the TC increases firstly and then decreases with the increas-
ing of x value, where x=0.2 nearby as turning point. In addition, possible mechanisms of the influence of Mg doping
on the structure, crystal parameter, TEC and TC of La,Ce,0; are discussed.
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Fig. 1 XRD patterns of the Mg?-doped La,Ce,O; products
((La;_Mg,),Ce,0.,) synthesized by Sol-Gel method



o512 1 W

Wk, 45 (LayMg,),CerOq., A L vy P fE 1303

La,Ce, 07 JuAAk 1, Mg? %} La* AR A B T 40%.
MO<x<04 K, REPRAMFELEM, Hr=9H
i il S B (PowderX BAFTHE)RES Mg #5413
k(& 2). BT (Mg H)<rLa’), LikiRs
HOBAE Y] Mg™ 40T LayCeyOq S5 M A R B &
o La 1) S ks A B
22 MR

(La;.Mg,),Ce,07., M R ALK 3 FioR,
H B T Y, 25 2RO il 1) R 12 K 2R 00050 i i P58 1)
TE AT K, 3K Rk Bl A R T, A s AR D
D/ NI RN S i R A R T R R = il T N
FEAHFERE T, FEMMIAZ K REGEE Mg B4R
)88 0 7 48 K . A LayCe, 07 45 K97, Ce 54 O IR
TRALTERL CeOg J\THIA, X8 )\ THIAASL T AT
W (110) 7 [V HER B Y 48 454, 17 La® ) ib T-ix o
W25 1 2B o fE Mg 30 BUR La (OFE S b, BEA i
FERITT s, SRR Mg i A HEROK, AT
B2 Ce™ M, M99 Ce-O #E, F&M%(Lar.Mg,)»CerOr.y

0.5575

0.5570F
0.5565}
0.5560+
0.5555F
0.55501
0.5545F
0.5540F

0.5535¢

a/nm

L 1 L 1

0.0 0.1 02 0.3 0.4
Meg-doping, x

Kl 2 (La;,Mg),Ce,Oq., [ ks i £t Mg 5% A2 4L
Fig. 2 Mg*"-doping dependence of the crystal parameter ()
of (La; Mg,),Ce,07.,

13.0
125
12.0+
115+
1.0+
10.5+
10.0 +
(}5 -
9.0+
85k
8.0

TEC/(*10". K ™)

0 200 400 600 800 1000
Temperature / C

Bl 3 (Lap,Mg)rCerOn., FE i AR ZR Kbl B2 A2 Ak ith 2
Fig. 3 Change of the thermal expansion coefficient (TEC) of
(La;..Mg,),Ce, 0., with temperature

[ di ks B8, MM BRI R B K. £E 1000°C
F,x=0. 0.1, 0.2, 0.3. 0.4 If, (La;Mg,)>Ce,07.
(K R 802> A 11.47x10° . 11.67x107° .
11.81x10°. 12.51x10°. 12.73x10°%K, W] & & T
YSZ. Kk, Mg 4% La,Ce,0; nT & = #UZ Ik R 4L,
/IS B S 2 Rk &5 2 TR R A ik R A 2 S, AT
AR AT AV A o R v o 2 2 DT A i R T 1 77 A 1 4R
Ny, WD ERIZTERE JITE T REME, R mR 2 e
23 ASX

ARG S 2 () B DI B 1 (o)« AT R B
(A)s (G, MRHE I Aot S

k =p-2-Cy )]

T Be a5 1 I FE S A 2 e A BUE 1, K
(1) BT R AGRARGE M . T A RIS
AN R B3 AR S TR, HR A LN A
s IERY:

klke=1-4/3¢ )

Ao, kO SENFAG 2, ko WEIEJGIGEE, o L
B, o=1-p/pgo

(La;.,Mg,),CerO7. FF i 1 32 I 5 J5 RN HL 1 5 1
WA 10 (La . Mg)2CerOr., FE i AEA [l B ) EE 4
LY HASE 4. B 5 frn. WIERROMQ) it
HTA AR T AT F & 6 iR,

Hi1&8 6 T H, (La;.Mg.),Cer O, FF il (i i 3 %
B i P T I BRI, 7E 750°C Ik B A% N, Bl S

# 1 (LapMg):Ce0r, HRETN T EBIL T E
Table 1 Measured and theoretical density of
(La; xMgx)Ce,07.«
X 0 0.1 0.2 0.3 0.4
pl(g-em™) 5.79 6.05 6.02 5.76 5.44
pol(g-em™) 6.43 6.23 6.02 5.82 5.60

—u—x=0

09F oo x=0.1 /
—x—x=0.2

08} —a—x=03 /
—a— x=0.4 /4;:/

0 200 400 600 800 1000
Temperature/ °C

Kl 4 (Laj.Mg,),Ce,On., Kt Y A B S O A2 A4 Hh 2k
Fig. 4 Change of the specific heat capacity of (La;.,Mg,),Ce,07.,
with temperature



1304 | R S = 4 %29 %
1.4 1.5
—u—x=0
12+ —o—x=0.1 14
10k ~ T=1000°C
R 2 13k
L 08t 'E
S =
< 06} Z12F
-
04} 11k
02}
10 | | l |

6 260 460 6(1)0 8(1)0 10100
Temperature/ C
Kl 5 (La,Mg,),Ce,Or. FF il (147 HIUZR BBt iR 55 (1) A8 Ak i 2

Fig. 5 Change of the thermal diffusivities of (La;.,Mg,),Ce,07.,
with temperature

3.0+ 0
N
28¢ —o—x=0.1
2.6+ —k— x=8§
~ —a— x=0.
T 24 —a—x=0.4
22t
g L
= 2.0
<18t
< 16} \
Lar \
1.0+ A——A
0 150 300 450 600 750 900 1050

Temperature/ °C.

Kl 6 (La; Mg,),CeyOq. FF it IR0 2 0 B 1 A A i 2
Fig. 6 Change of the thermal conductivity of (La;.,Mg,),Ce,0.,
with temperature

B BT e e . AR e BB, SR
oAl R EARIES RGN WA IR BRI,
FEFAESIT I EAETCMIZ Bl A AE il B FE I
A TR RE S N T2 s fh s 2 T1 b, BRI E 040,
PRl JE Pl T2 AT RS T1 S, 7R
R e R o A AL B R R T
i P 03 ) 1ok 1~ 3580 B B R A 75 - (1T 38
M. Rk, “P3) B bR, 8K, AR
FEW TR, A& IR, 75T B AR D,
T T BT R R, BRSSP T, JeT
LB N, FLAS 7738 R AN 25 T BRI
/N, RS AR IR B B AR S RS K.

TEAR R, AR (Lay . Mg, )2Cer0., FF
i AT ZBE Mg B AR AR B x R K5E
B JGN. B 7 24 1000C R, (La;.,Mg,), Ce, O7. Ff
i GG KB Mg B4 = IR i 28 v LU H, Bl
# Mg B ZHHIN0<x<0.2), FEHHHTREZ
WK, HE Mg BRI D85, R

1
0 0.1 0.2 0.3 0.4
Mg doping, x

Kl 7 1000CTF, (LajMg),CerOr., KE &I 2 BB Iy
AR 2

Fig. 7 Composition dependence of the thermal conductivity
for (La;..Mg,),Ce,07., at 1000°C

WG RIBW K o LayCerO7 by B S 1Bl 78 47 4544,
JLA MBI Y CeO, M IH], AH24T CeO, 454 1 —2F
Ce JEUF 4 La [ 7 RENLIAR, I A4k 4a 6750, 0, 0) ,
O JR 75 ¥5 8c 7 E (1/4, 1/4, 1/4) , 8c AL EHH 1/8 J&:
2RI, Kk, R EE O AL, BT RE N
K A B ALK Mgr(RMg™) = 0.072 nm) B AL
LayCey07 &5 B T2 R k. M & 5w I3 43
La*"(R(La*")~0.116 nm) 1] 5 & p§ DR : by T ik
A REEEERAC, SRR RN, T AME HAT,
GER R PR 20 O 0. BT E SRR G &
Thim, Ja# SRR AT E
b Mg 52 G AR AR, 2 x<0.2 I, S
RN T RN, 24 x>0.2 I, O AN E T

1N

3 #Hit

K I -EE R, AT (LaMg,),Ce07., £
Mm0=<x<0.4). FiFE x EMHK, FERIERHEEA
Zi, HLE S EOE W/, B Mg” 4T La,Ce,0;
GER TP R A B B B 98 La™ (R S A7 B . A R 2Rk
[F)(La;.Mg,),Cer07. £ i IRIFVIZ M 22 B FE 1) T v
WEATHEK, AHRIELEE T FE S A R A0BE x (B3
KIMHER, 1000°C R, (LagsMgoa)s CexOg 6 HIFAIEZ K F
ok 12.73x10°%K, B E T YSZ. EAHFNRE T,
2 0<x<0.2 I, FEM TG RBEHR, HE Mg
Boarait— b, HER IS R R R Y
x=0.4 I, MEFAZEE R 1.03 W/(mK), LLAE
FFERM TR, AR & AIK REFIRLH
FHE M) (LaMg)2Cer0r. A A PEREIT R (1) #uf
WIEMEL



%12 W ¥

W, 4 (LayMg,),Cer 0., I 15 # B ik

1305

S Lk

(1]

[10]

(1]

[12]

[13]

MILLER R A. Thermal barrier coatings for aircraft engines: his-
tory and directions. Journal of Thermal Spray Technology, 1997,
6(1): 35-42.

PADTURE N P, GELL M, JORDAN E H. Materials science -
Thermal barrier coatings for gas-turbine engine applications. Sci-
ence, 2002, 296(5566): 280-284.

CAO X Q, VASSEN R, STOVER D. Ceramic materials for
thermal barrier coatings. Journal of the European Ceramic Society,
2004, 24(1): 1-10.

SHINSUKE Y, TAKUJI M, HIROAKI M, et al. Thermal and
mechanical properties of StHfOs. Journal of Alloys and Compou-
nds, 2004, 381(1/2): 295-300.

ZHU D M, MILLER R A. Thermophysical and thermomechanical
properties of thermal barrier coating systems. Ceramic Enginee-
ring and Science Proceedings, 2000, 21(4): 623—633.

BUSSO E P, LIN J, SAKURALI S, et al. A mechanistic study of
oxidation-induced degradation in a plasma-sprayed thermal barrier
coating system. Part ii: Life prediction model. Acta Materialia,
2001, 49(9): 1529-1536.

KHOR K A, GU Y W. Thermal properties of plasma-sprayed
functionally graded thermal barrier coatings. Thin Solid Films,
2000, 372(1/2): 104-113.

FRIEDRICH C J, GADOW R, SCHIRMER T. Lanthanum hexaa-
luminate—a new material for atmospheric plasma spraying of ad-
vanced thermal barrier coatings. Journal of Thermal Spray Tech-
nology, 2001, 10(4): 592-598.

ZHOU HONG-MING, Yi DAN-QING, ZHONG HUA. Dy and Ce
Co-doped La,Zr,0 ceramic powder used for thermal barrier coat-
ing. Journal of Inorganic Materials, 2008, 23(3): 567-572.
VASSEN R, CAO X Q, TIETZ F, et al. Zirconates as a new matri-
als for thermal barrier coatings. Journal of the American Ceramic
Society, 2000, 83(8): 2023-2028.

WANG YI, GUO HONG-BO, GONG SHENG-KAI Thermal
shock resistance and mechanical properties of La,Ce,O; thermal
barrier coatings with segmented structure. Ceramics International,
2009, 35(7): 2639-2644.

MA WEN, SONG FENG-YU, DONG HONG-YING, ef al. Ther-
mophysical properties of Y,0; and Gd,0; co-doped SrZrO; ther-
mal barrier coating material. Journal of Inorganic Materials, 2012,
27(2): 209-213.

CAO X Q, VASSEN R, FISCHER W, et al. Lanthanum-cerium

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

oxide as a thermal barrier-coating material for high-temperature
applications. Advanced Materials, 2003, 15(17): 1438-1442.

MA W, GONG SHENG-KAI, XU HUI-BIN, ef al. On improving
the phase stability and thermal expansion coefficients of lanthanum
cerium oxide solid solution. Scripta Materialia, 2006, 91(8):
2630-2635.

ANDRIEVSKAYA E R, KORNIENKO O A, SAMELJUK A V, et al.
Phase relation studies in the CeO,-La,O; system at 11001500 C.
Journal of the European Ceramic Society, 2011, 31(7): 1277-
1283.

WANG SHI-XING, WANG RUI-JUN, HE QING, et al. Research
on property of lanthanum cerium oxide thermal barrier coatings
prepared by plasma spray. Surface Technology, 2011, 40(6): 23-25.
MA WEN, GUO HONG-BO, GONG SHENG-KAI, et al
Lanthanum-cerium oxide thermal barrier coatings prepared at-
mospheric plasma spraying. Journal of Inorganic Materials, 2009,
24(5): 983-988.

ZHANG HONG-SONG, LIAO SHU-RAN, DU HONG-LIL
Preparation of La,Ce,O; powder by citric acid method for thermal
barrier coatings. Rare Metal Materials and Engineering, 2011,
40(Suppl.): 481-484.

DONG HONG-YING, WANG DONG-XING, PEI YAN-LING, et
al. Optimization and thermal cycling behavior of La,Ce,O; thermal
barrier coatings. Ceramics International, 2013, 39(2): 1863—1870.

ZHANG HONG-SONG, WEI YUAN, LI GANG, et al. Investiga-
tion about thermal conductivities of La,Ce,O; doped with calcium
or magnesium for thermal barrier coatings. Journal of Alloys and
Compounds, 2012, 537: 141-146.

LEHMANN H, PITZER D, PRACHT, et al. Thermal conductivity
and thermal expansion coefficients of the lanthanum rare-earth-
element zirconate system. Journal of the American Ceramic
Society, 2003, 86(8): 1338-1344.

ZHANG HONG-SONG, BI JIAN-PING, YANG SHU-SEN, et al.
Divalent Metal Ion Doped La,Ce,O; Thermal Barrier Coating Ce-
ramic and Preparation Method Thereof. CN201210334625.2,
2012-09-12.

REYNOLDS E, BLANCHARD P E R, ZHOU Q D, et al. Struc-
tural and spectroscopic studies of La,Ce,O7: disordered fluorite vs
2012, 85(13):

pyrochlore  structure.

132101-1-5.

Physical Review B,

ZHANG HONG-SONG, LI ZHEN-JUN, XU QIANG, et al.
Preparation and thermo-physical of Smy(Ce(3Zry7),0; ceramic .

Advanced Engineering Materials, 2008, 10(1/2): 139-142.



