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ABSTRACT: The work aims to study the influence of content and particle size of Gd,Zr,0O; on the thermal conductivity of
(Sm,Cey07),_(GdyZr,07), composite materials. Two series of (Sm,Ce,07);_,(GdyZr,05), composite materials were prepared by
nano and micron powders. The phase-structure of composite materials was identified by X-ray diffraction method. The micro-
structure of composite materials was observed by scanning electron microscope. The specific heat capacity of composite materi-
als was computed by Neumann-Kopp rule, and the thermal diffusivity of composite materials was measured by laser-flash

method. Finally, the thermal conductivity of composite materials was obtained in light of the density, specific heat capacity and
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thermal diffusivity. The influence of particle size and content of Gd,Zr,0; on thermal conductivity of composite materials was

analyzed according to the final thermal conductivity results. The synthesized powders show single defect-fluorite structure. The

largest specific surface area of nano-scale Gd,Zr,O; is about 15.413 m*/g and the minimum specific surface area for micro-scale

Sm,Ce,05 is about 0.226 m*/g. These two series of (SmyCe,0);_(Gd»Zr,0-), composite materials also exhibit single fluorite

crystal-lattice, while the grain size is not uniform. When x=0.5, the typical nano-scale grains are found in the composite materi-

als prepared by nano-powder. The addition of micron-scale Gd,Zr,0; does not influence the phonon-thermal conductivity obvi-

ously, but inhibits the photon thermal conductivity. The introduction of nano-scale Gd,Zr,0; can reduce the phonon thermal

conductivity of composite materials, while cannot inhibit the photon thermal conductivity obviously. The thermal conductivity

of two series of composite materials is lower than YSZ.

KEY WORDS: (Sm,Ce,07);_,(Gd,Zr,05), composite materials; sol-gel method; YSZ; thermal conductivity

Sk S K S AILIA e 3 O B FA i 5 A2 T Ak 1) 2R
FRA R AL, AR S, A R G HET
10 4 AR, Bei T T BORTE 4 @ S 1 2R 1R
Bl IR d AR RN G IR R R R
1 P 2 )2 R4 JB R 45 )2 A U A4 B R S, T3k
] P 25 25 B4 ol 52 2 i IR ASE A 85, DRI %% 2 AN
A R FRAMERE , L ERZ m i A DL R T S5
WEEr MR, BARBL IR Z MR Y,05
T Zr0, (fAFK YSZ) BA R4Fpy Ay BVEREF ) 2
PERE, [HiZ R A A AR E7E &R (> 1200 °C)
AR, T A A BT A AR AR R, 23
PR 1 P B 2 e A i e, DA B AR BE R B [
i, B TR TR B R AR, UR)E NI S 7 AR
KGR F7, 2 R 2 TAE A i T DY, R
TFR YSZ BREM BB, BRIt
TR YSZ 1T R AR Uk J2 R 8 B R AR

TE T i (4 3 B AR s vk J22 3R T P 5 J2 M 18 4 B
e, Ak A BT O, B R A AR R KA
PYFRPERE, MORMAZ R, e, L M. Zhu
’%”@?%75&% Er,0; i ZrO, Eﬁﬁﬂ/\ﬁ%ﬂ% T Gd,Zr,0;
I, A 10% (mol ) B¢}, EA A1)
PEFRAR AT, W. X, Ying 251 OR F [ A S0
il & TR ALEHIE La, DyosZr,07, KIZAMEA
AR BAR BT, T H A R iR AR E
fiE. Z. D. Bo %" La,Zr,0; 55 LaPO, B &, W5tk
MHI TR G La,Zr, O, 1AM, #ANE K R A 3% 1T LaPO,,
TN A7 EG P A5 o A 2 UG T La,Zr,05. S. H. Zhang
SN LB, Ze BAREUR Ce B IH W FEAL
(Smg5Gdy 5),Ce, 07 IR FIIZAK Z L. Sm,Ce,0, .
Er,Ce,04 Al Yb,Ce,0; %Kﬁlﬂﬁﬁ1&ﬂg#@%$, 1]
HHAIZAK R BTN LnoZe,0, BU 45 iR ),
C. X. Ge % H/NERE EX 0 BUL SmyCe,0; H Y
Sm’", KBS RN MK R A A BT, EAKR
SR IR 2 B ZLR U B — B bR SR LA BT
I BRERE , HALAAFE— 288 . 40 Ln,Zr, O, R
kB I K R B A, LnyCeyO R 4l R £ 10 W 24
PR EL NIk, M. Zhao Z¥ IR AT R AT B A,

PABCGE AT RMERE , W CaaND,0; 5 GdoZn,0, 1T E
BRI, UMy R M A SRR, AUEA
RAFRABRMERE, I ELT R I RE AT 31 T e,
(Nd>S1,07)(YbyZ1,07) - H1 (Sm,Sn;07)(Yb2Zr,07) -
PRIV EFREAUR T R4 Y B RE
117 EL 5 R R 1 5 ) A SU5R T 21 A S5 %5 A e v i
PRI F NI, A SO GdyZr,07 5 SmyCe,0,
HATE A, MF5E(Gd2Z,07)(SmyCe, O7) 1, RINVEZ G HF
B P PR BE

1 SKBE#HEERE

16 1] 45 (GdyZ1,07)1_(SmyCe,07), 7 51 52 & 1 K
FF, AR SR T30 A 52 07 0785 o J i W 4 s ) 5 T
T B GdyZr,O; il SmyCeyO7 M3 A o v [ A s vy 3%
SR i R AL 2250 A R A R AE =R i (=
99.9% ) Gd,0;. Sm,05. ZrO, Al CeO, Ky E ATk, #
i Gd,Zr,0, F1 Sm,Ce, 0, k25 B I AR U 75 1)
JEAERE, T BR 2R R COy FIK A, TEFREE
HIPRF 25 A BHEE 800 C BB 2 ho W RIS B A LA
5 g WHANT ) FEISEHFR PR T S IS, iR IR
AR ARE TN EH ST, IH7E 1600 C R Hbess 10 h,
B ¥ 1 J5 A5 32 BT 35 A K 2 GdaZr, 0, K 9%
Sm,Ce,0; Bk,

SR FH 5 6 s 02 Tl 4 oK RO OK 9 Gd,oZr, 04
1 Sm,Ce,O; MR, B IHHEFREN &4l Gd,0,
1 Smy0; ARG NE ARG ISR, 287050 P P 75
Jei . A9 20 FREL AN PR 22 I K I T o 1R BCA A 4 () il
TR S8 B AR AT VE K Zr 1 Ce TCE WY EATRL, B H 4y
FIEfRT K, A3 20X A KR o 11 R i R L A
P8 2 118 7K T T S A A S TR S s R i Tl ) 7K 3
o, JFFE 90 CKI T HedE s ZesKim A HE Ry s i
WIS EE TE/RE 1.8 1 IMAEENZ
T, HEATER S R TR 2 0 1 IMAE &
PR EERR , HEUKEIR G pH HE 5, R4
IRV IR P B R AR B BRI . 7E 180 CF,
PB4 T, HEEFI RO TERIK, &5



Fagl

BEiEMS S5 . SmyCer07-GdoZr07 B A 11 B £ S #4555 + 79 -

B2 B T HEIEAE 800 C Bk 2 h, 155 r s E )
K H K D Gd,Zr,0; Al SmyCe, O, H3 A o Ky il il
%’E/‘] Gd,Zr,0, Zil] Sm,Ce,04 7[:}}12[: s ﬁj\%ﬂﬁiﬁﬁﬁj{ﬁ%é\ s
LU 45 (GdaZ1,04)(SmyCes O7)1y (x=0.1. 0.3, 0.5)
WA RN A B A5 R R B &k R R
ML BT 75 (R TR ER A, FF7E 1600 C 1 b
4510 h, 195 a5 i B8 PRRE M

I X BT 5% ( XRD, D8-advance, Bruker )
ST T T 28 A A S B0 AR S B AR ZEL R, D H AR
AR SAEE S-4800 F1H# T i i i WL 2 U
B RRE i T WAL, TN, W 5
) L BT AR, IO B0 R 40 B S A A 1§k
JE By R K A HE A 2 0 G S AR i 1) S B o
o, FALZ -f ke AT AR S B €, RIBOERK b
PR AL AR 2 IR ~1000 °C Yl Bl N AP BL R 5 A,
ISR ke WARYE 52 k=pxCpx A5 T he
519 E P BOE A ARME S 2 BUE , MHEBRSILE o M
P, WGR kTR Mke=de/3 HAFEIE, DS
B LFRI TR koo

2 FHRKITR

2.1 1HARM

Bl 125 B AR YRR DL GdoZr,04 . SmyCer04
MAM XRD K%, fE 1 aTLIEH, SmyCe,0; F1
Gd,Zr,0, 5%F WK K 1) XRD &3 58 4s— 3, X Ui,
7R SR (R 2 07 92 R G 8 e 1 B ) i £ T i
) SmyCe, 07 Al GdoZr,07 ¥k, HE 1 BRI LIE
ARG AR B XRD 7 S0 LUK P R vk, AR
PEEFE- W AR NPT 0, AT T TE BB 58, R E M
PRI SR R B/, Hedr, Aok Gd,oZ, 04 BATT Y
We e 9, TR HWURLEE fe/lh o pT 18T 2 AT, AR T
ORI R 4K Gk A o0 B it £k i) = e T fip
7, RWIHORLEE ROT Y S Am /1o [RIE,  h2 3208 58
FERAXTHE /N, 6 B G0 K G0k A 1) UKL B /N L 3504
o WAN, WK GdrZrO, WYKL 73 A1 2k 32 06 fie
78, EAEL, P RVIHEA R/NYBRE ., £ 1

h \ — Gd,Zr,0; nm
— L
L

— GdyZr,0; mm

Intensity (a. u.)

——Sm,Ce,0; nm

l —— Sm,Ce,0; mm

1 1 l 1 l 1 j AI 1 — 1

10 20 30 40 50 60 70 80 90
200(°)

B oK KRR & XRD

Fig.1 XRD patterns of micron and nano-scale powders

R AR LR AR . 3R 1 T, DUAP Ak
1 b2 AR B/MRIRC K GdaZr,07. 9K
Sm,Ce,0;. K GdyZr,O; FIHK L SmyCe, 05, A
UL 1 L2 TR S U B /IR B, DRI A e 3R
HARER], 99K GdoZr,0; BA F/MBURI ST, T
K2 SmyCe,O7 HA T KPR . ik RT3 #r &
B, 99K GdyZr,O7 A1 SmyCe,O5 34 Fiki K /N5
78 nm Fl 120 nm, MK GdyZr,0; Fl Sm,Ce,07 -
PR AN 508 6.42 pm A1 7.19 pm.,

3 2K FROK D (GdyZr,07),(SmyCey04)1,. B
AARH) XRD EE . mE 3 AT, PR S AR
XRD 35 A fis i o B S50 B 34 o AL, R
BE A MEMKIR R B T % A dn RS . & 3a Pios
AR GOR A A B 24 AR AT S 06 B 8 LRI 3D
ek, RIAGORB A B E A MR F /N
B R R oAb, Bl GdaZr,O, &2 & S a Ay B i,
WA RG-SR XRD 17 506 34 328 1 1] /)N £
IR, XEHT GdyZr,0, (0.5264 nm) &
& B 2 T SmyCey07 (0.5191 nm ) U481ty
(GdyZr,07)(Sm,Ce,07),_, HESE LA GdyaZr, O, N T,
Sm,Ce, O, A 70 (Y [ 44, AR HE A hir i 75 B vl 1
KRE 58 AR A 51K 3G T & 1 ) 3, DA T (s 75407 45
FAREAS, BT 3 it XRD 77 550 287 1) /N # 5
RS , X RGN E A EHE R T B — k2 .
[EEF, HT SmyCerO7 Fl GdyZr,O, Y H A7 HH 6] 1Y 32 47
A REERE , HRAE AT BCERIE , A R AR AR 25 #4137
FOAEA BRI . N1 (GdyZr,07)(SmyCer07)
AR 58 B — AR S5 A i s AR . NI 3

Hk PT LU Y, A R0 525 BB B AT B 0 Bl
e GdzZr207 (nm)
% /\ —— Sm,Ce,0; (um)
:
§ — GdyZr,0; (um)

f\\\\ —— Sm,Ce;0, (wm)
L L 1 1 1 |

0 500 1000 1500 2000 2500 3000 3500
Granulariti/um

B2 oK R g oKos A URL B i 2k
Fig.2 Size curve of micron and nano-scale powders

£ 1 Sm.Ce:0;F1 Gd.Zr.O; ¥ AR By Lk R EFR
Tab.1 Specific surface area of Sm,Ce,0; and Gd,Zr,0,

Sample Specific surface area/(m>-g ")
Gd,Zr,07/nm 15.413
Gd,Zr,07/um 0.747
Sm,Ce,07/um 0.226
Sm,Ce,0;/nm 6.171
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Fig.6 Thermal diffusivity of composite materials: a) preparation of nano-scale powder; b) preparation of micron-scale powder
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Tab.2 Thermal conductivity of composite materials at high temperature
. Nano powder composites Micron powder composites
Temperature/ C

x=0.1 x=0.3 x=0.5 x=0.1 x=0.3 x=0.5

900 1.179 0.794 0.662 1.240 1.245 1.249

1000 1.149 0.786 0.752 1.230 1.215 1.233

1100 1.152 0.790 0.812 1.172 1.207 1.146

1200 1.156 0.881 0.859 1.133 1.197 1.080
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