W25 56l b/ LR e O Vol. 25 No. 6
20104£ 6 H Journal of Inorganic Materials Jun. , 2010

X EHHS: 1000-324X(2010)06-0577-06 DOI: 10.3724/SP.J.1077.2010.00577

MK SiO, BB RSEFT AT AEM B EE

w P, EALE, RXW, KIEX

(RRELKF M LEGHPARARRERELERE, KX 430070)

W OE: KRB SIS S PR B4 % T %40 Bag sIng »Nig 05C03.95Sby, BUAARTTRE, I F ¥ Ak 24 10 58 Ab 2 7 vk
8% T 412K Si0, 1078 1) Bag 3Ing 5Nig 05C03.05Sb12/S10, K 5 A M k), T SIS T P9 A (Ba, In) WA T 31 78 75 2
PR B 300~723~300 K 3 B FAEER 2000 JOS 2 b H WA A1 422 oy TR B v B IR AR R AE. &5 R ORI,
ghoK Si0, £ 78 7T LA 25 42 1 (Ba, In) AR T 3E 78 7 B A A MR AT E 1, B AH Bag 3Ing 2Nig 05C03 95Sbyn YA
Tk TR ) S R AN 27 B3 AR R AR K, Bag 3Ing 2N 05C03.05Sb12/Si0, ZK B G AR LT B 52 m, 49K
Si0, #E A AR E b SR S N T Ry TS FE R IPE . AR IR b, PIRT AT ELAE 300 T 500 K I (1 254 b 1t
fie ZT(EAHIT, IR/, 800 K B, I K1) ZT (S H R EH, KL EME R T2 SR E
AW I ZT A8, BE W ORI g 5 OC, Wk 1800 RN ZT {HIEE] 112, HAE s TR KK
Bay 3Ing ,C03 95Nig 05Sb2/Si0, 21K 5 &4 EH1.08) F1 K 1800 7k J5F I # 4 Bag 5Ing ,C05 95Nig 05sSby, He A4 £L(1.10)
W ZT 1H.

x B I HAUUAEL Sio WA, BITEUI T ARGETE

HE S ES: TB34 XHEkFRIRED: A

Enhancement of Thermal Stability of Filled Skutterudite Thermoelectric
Materials through Nano-SiO, Coating
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Abstract: Single-phase BagsIng,Nig 0sC03.05Sb,, bulk materials were synthesized by melting and spark plasma sin-
tering (SPS) methods. Bay31n,,Nig ¢5C03.953b1,/Si0, nanocomposite material with nano-SiO, coating was prepared
by wet chemical coating processing. Emphases were given on the evolution of microstructure, chemical composi-
tion, and thermoelectric properties of two kinds of (Ba,In) double-atom filled skutterudite based bulk materials dur-
ing periodic thermal cycling 2000 times in the range of 300-723-300 K. It was found that the thermal stability of
(Ba,In) double-atom filled skutterudite was remarkably improved after nano-SiO, coated. The microstructure and
chemical composition along the grain boundaries of single-phase Bag;Ing;Nig0sC0395Sb, bulk material obviously
changed, while the thermal cycling had no effect on BagIng,Nig5C0395Sb12/Si0, nanocomposite. Thus the
nano-SiO, stabilized the grain boundary and prevented the elements diffusing and volatilizing from intra-grain. The
ZT values of two kinds of materials were very close and kept unchanged at 300 K and 500 K during the thermal cy-
cling. The ZT values of single-phase bulk materials gradually decreased at 800 K. However, the ZT values of nano-
composite mainly depended on the complex changes in thermal conductivity and increased with prolonging of

quenching time, then reached 1.12 at 800 K after quenching for 1800 times, which was even higher than those of
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unquenched Bay ;Ing,Co3 95Nig 05Sb1,/Si0, nanocomposite (Z7=1.08) and single-phase Ba31n,,Co0395Nig ¢sSb;, bulk

material(Z7=1.10) quenched for 1800 times.

Key words: thermoelectric material; SiO, coating; filled skutterudite; thermal stability

PR — R SR, SIS S Y
PORURES JUF(RUB BEVR A R, EBT—ARHIA . R
R 2 A [ i 491 4 L oA T 82 1 T i . e g
M HCR h E BN 2= oT/xii s, H
o SR, aly Seebeck RH, kWG R, ThHY
SELRE. AR R RN [ I AT R ) 3 S R
() FE G 12,

T LAY CoSby HAT MO 744,
M AEAE A B Sb TR T4 B ) - T AR 23 U (24
fr). it Bl LR A 4 T T 3 7 A AL S
JF0 R 1 5 S () Bt iR 75 1 SO T DA 5 b A
AL W 1 A% B R L R R U B
R R ZT ) SR RUR T 178 7
BEERRL AT E R ZT A, W Ce,,La,FeCosSby,'l,
Ca,Ce,Fe,Cos,Sbio!"'\ Ba,R,CosSbia(R = La. Ce.
Sr 58 YD) IHl In,Yb,Co,Sbp!' M. fiilr, AL
RIAE Ba R TS B AL R E 7 In AR
A DA M BRI ARG 2R T HL BB 2 4 T o
7, 850 K I ZT ik %) 1.34% 5 vy 1 g i
TR W, (Ba,In) WU 1378 J7 G0t A 9 [R) N A7
7t Ba [n] Sb FlH1 Sb [ In PIFIHLf % #, (Ba,In)
MR TIAFE CoSby A AR S (1 L . iinis 4y
P55 In 2% 50 K IO BE Z8 AR i ff 4 A 4 o) 4
7o 7 B AT R A RE R I A R 2 B M g
J2 K B B R FEURT T Mb A R R SOR ) S S S
MREZ —. WA SEBs N, B RE IR A 4 1
NN R R S RO PERE, BT SR BT
PhiliRE . BOEWTIEIRIE T X AEVEHI 0 Zn,Shs
BRI PR E MR S TS 15 B ) B AR e Y
BagGaysGeso £ AL FE 5 Ge P H B S g0
KLERI SiGe! U F BiyTes! a4 HAT RLIF IO 34F2
SEVE; GIKEEHII AgosPby . SbTe, AEHZ K I [H]
IB KR H g PPk A5 2 ) B AR m Y PbTe 784
DGR I FE rp LG S L ), Sk 5 3 Y 4R v
PR R PR E VE T B W2 RIS R R
BTSRRI PR A O BRI R B, (H
T 8 g LB E M AR DT 5T

NBH e L G A H R 8 — FhomT LK
TR BH G 1 1 4 9 B e R i (D KB R D 200~
800nm F-FJ6iR K Hi, 800~3000nm JHF-Hurf % H)
B REJR & FL RS, % ARG T T RN T AR

J5 i B A 1T HL A AR il ~673K~E il 2 (1] JA
WMV S IR AL O T WEST A M R (Ba,In) X5 1~ 3
FTTE AR TR Re vt B R S R
R AAT I, AR Bt T —Fh 5 TR
E 2 il ~723K~ 3 2 (] J8 AP AR b 1 FAI 30 52 56
LA AH Bagslng 2Cos.05Nig.0sSbia H A% 4 1 HI 44 oK
Si0, U7 1) Bag3Ing,Co3.95Nig0sSbi12/SiO, HKE &
PRI FEN G, RGEHEFT T PRI RLE JE A
JOEFE L IR A R R R BRI A
FNTE.

1 I

FAH Bag 3Ing 2C0s.05Nio.0sSbio FUASELR I il
K IR KHR A B AR S5 (SPS)ROR G R, TE4T
() 20 S WOCHR[12-13]. Bag3Ing2Cos.05Nig 0sSbyo/
SiO, 44 K & & M kLI Hl & T 24 M
Bay 3Ing2C03.95Nig.0sSbio 4 K} 28 W B 1 - 35 R 42 £
5 um PR UREL, I 99 BRI O TICK BORL 1R 47 26
MEAL AL, B )57 pH > 9 M IERERE ZBE(TEOS)+
LBEAIK PR G E W oK Si0, K107 T2 Bk
76 4 K ) Bag3Ing2C03.05Nig 0sSb12/Si0, K & HL ¥
(SiO, T 2 A EFEN 3 nm), KGR Gk 18
SPS &A1 T T2 Bag 3Ing2C03.05Nig0sSbia/ SiO, 41K H
G EL

L AH Bagslng2Co305NigosSbi B 44 44 ¥} il
Bag 3In,C03.9sNig 0sSb12/Si0, 41K 55 #4 ) 4 U]
R SF A 3mmx4mmx10mm . ¢10mmx1.5mm  Fl
¢ 3mmx1.5mm [F)/NAFE, FTE50 8 S o
R RO R i BRPE BE R  t A T TEAR RRAE .
SRR K S B Ay AN TR RS B /N s 2%
BT AEgRE R, B 723 K HEY W R
Smin Ji PRIV K K, AR E S B OCE N E IR P
b, BT GERE; BREEK 200 A BCH R
BT PR R I R B A S A R, AR IR
B AR ELE PR K AR, H A 58 R 2000 K
SR KRR BE . 3 R 30 R A il 3R T 3 AN
VAT ART P 5 I vt Ak 2.

FF it 2 100 52 o &5 R R 22 1 20 o3 B B0 48 — Rl
“F14 (Secondary electron image, SEI). ¥ {4 HEL F1%
(Backscattered electron image, BEI)Ji# A5 R5 1L 4 34 47,



%5 6 30

B P, S5 90K SiO, 7 SR IS 7 B S R PR P B 579

FIH JSM-5610LV 7Y 45 4 Hi ¥ {2 f3 5% (Scanning
electron microscope, SEM)5¢/k. HL T % Fl Seebeck
REURAE ZEM-1 BUA vk AR A4S L [ Ish il £ 1,
HL SR AR N T DY BREHVR NS, Seebeck %K
TR A0 AN R 22 1 MIAS i 22 AR, JFFA
Na= AE/AT THEAFE), WEHEEA 300, 500 F
800K. # TR AN = pC, iHH, b ¢, MLk
5, p MRS BE, A Y B R L AY RS
2 JH#8 1 Netzsch 24w LFA 457 B HUR £
PEXHBOCMEN E, /A ¢, HEE TA
Instrument 24 7] Q20 1Y DSC Mk R4, & p H
Sartorius A 7] YDKO1 %Y %% F5 43 R F B 55K £ 2
blh=o

2 FERE5iF8

1 FHEL 2 43 3514 540 Bag 3Ing 2C03.05Nig.0sSbi
PUART BRI Bag 3Ing 2Co3.95Nig 05Sb12/Si0, HKE &
FARRAE TR AP K 600+ 1000 I [F]— 1 X
(*) SEI F1 BEI J . VKHT, PIRIAREE) B Ak 45 79
FRAEAHRL, SRRLIA) R 28 456, w AR, Wi
AL . 600 RO KIS, A
Bag 3Ing ,Co395Nig0sSbio PR KL i ST M, it S BT

JSM-5610LV

10pm JSM-3610LY

600-SEI &«.’

20kV. #2.000 10pm

600-BEI

20kV #5000 Sum JSM-5610LYV

1000-BEI

20KV #5000 Sum ISM-5610LV

Bl 1 AR BagsIng2Cos.05Ni sSbyy B RHAE KT Al J 1]
PEEK 600 A1 1000 Y5 4 I ) SEI A BEI

Fig. 1 SEI and BEI images of the surface of single-phase
Bay 3Ing,Co3.95Nig ¢sSb, bulk material before quenching and
after periodic quenching for 600 and 1000 times
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Fig. 2 SEI and BEI images of the surface of Bay;Iny,Cos 9sNiggsSbo/
SiO, nanocomposite before quenching and after periodic
quenching for 600 and 1000 times
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Fig. 3 BEI image and EDS spectra for the surface of
Bag3Ing,Co3.95Nig g5Sby, single phase bulk material after peri-
odic quenching
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Fig. 4 Quenching time dependence of (a) electrical conduc-
tivity, (b) Seebeck coefficient, and (c) power factor for
single-phase Bag3Ing,Co395NigsSby; bulk material (hollow
symbols) and Bag3Ilng,Co3.95Nig0sSb;»/Si0, nanocomposite
(solid symbols) at 300 K, 500 K, and 800 K, respectively
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