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Abstract

LixCapxSi (x = 0, 0.02, 0.04, 0.06, 0.08) thermoelectric materials were fabricated by melting in
tantalum tube and high vacuum hot pressing. Phase structures and cross-section morphology of
the samples were analyzed by means of x-ray diffraction (XRD) and scanning electronic microsco-
py (SEM), respectively. The XRD results show that the characteristic peaks of the bulk Li.Ca(-xSi
can be indexed into Ca;Si. The peak of CasSis exists in the XRD patterns of the all bulk samples. The
SEM results show that microstructure of the bulk CaixSi (x = 0, 0.02) is dense. Uniform particle
size is about 2 - 3 pm. The electrical conductivity and Seebeck coefficient of Li.Caz-Si (x = 0, 0.02,
0.04, 0.06, 0.08) were studied in the temperature range of 300 - 873 K. The electrical conductivity
of the Li-doped samples increases with increasing Li concentration, on the contrary, the Seebeck
coefficient of the Li-doped samples decreases. The power factors of higher concentration Li-doped
Ca;Si decrease in the temperature range of 300 - 873 K. The power factors of LixCa2xSi (x = 0.02)
are improved in the temperature range of 650 - 873 K. The thermal conductivity of the Li,Ca(z.xSi
(x = 0.02, 0.04, 0.06, 0.08) samples was investigated in the temperature range of 300 - 873 K.
Compared with the Ca;Si sample, the thermal conductivity of the Li-doped samples regularly in-
creases with increasing Li concentration. The zT values of LixCa(z.5Si with x = 0.02 sample have an
enhancement in the temperature range of 650 - 873 K by contrast with those of the Ca,Si sample.
The maximum zT value was 0.20 at 873 k.
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1. 518

FEAERABLS G 5F . W TN B A T R BRI L Hb R B AT 7S R 2 — (1]
[2]. HIT AL BB BB RE & ITHARBR . NS AMEITER . AUt R/ A LLENE I AT,
FHOCHIE 78 52 B [ A A3 160 . CapSi A L& @iy, FHRACAZ S £ 23] [4]. @il Ca &
T M,Si S MR R AT ] HLIEAZ A AR 45 ) Ca,Siy F R 2 AR i 2 HLAK Ca,Si [5]. BF 7T S dl i Tl <2
J& Na 575117 CapSi, Ll SRMAHMERR] 7 Iitl, ERZEPERIS A RKIAE6], HaEfe th 7 2t
— B TR AR AR F PR R ) S A —[7] [8] [9] [10]. HiT- Ca,Si H R A&k ik 7 32 2 45
[ 3d. 4s. 4p EHTHGE4], 1L U THON 1, Ca KON 2, BE)E Li B4 EH Ca i T
Jei s TEREIAR B RE R FEL AN A T, Al R T R 2 RN AR B RE S, Aty b A2 2 ST iy CagSi
R, ERIE AR DI A TR H .

Li (AR R 5y 6.94, 10 Ca AYAHXT L7 i /2 40.08, —F HAIN B 7 A — € 220« LEAh,
PR R TR A e 20, FIA Li JR 7504y B Ca Ji1, B 455 1 5 AR5 11 7 AR A
TR ZR], AR 2 T HIECE, FRAIK CaSi fIAR VT2, NIk CaSi ks tigE. ABTA
AR Ca Az Li SEHLHLAEREAN IR AL RE N P [F I 4R T CaySi I HLPERE
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2. R
2.1. MRIHIE

15 FURE (99.5%) , fiE:H(99.9999%) A1 HHL A (99.5%) #4 KL 73 Al 4k LixCapSi (x = 0, 0.02, 0.04, 0.06, 0.08)
PR T A HRRE . RS TEM R A RHK A I B 585 R B AR S AR R R A A A AR
B, e A DO B . AR 1373 K, MRJERET RN 24 h, BURBESEI N 1373 K. K
4 60 MPa. #UERIA] 2 he #UEJE135] ©12.1 mm x 1.8 mm F [ AE AR SRS 5 .

2.2. SCOGRAE

TIRHAT X SRR A (XRD) A HE 5~ T AU (SEM) X SRAARE St O AR S5 AL . W T TS AT 3RALE
SR R 1 L5 2035 DL SR BN R G 7E 300~873 K Y A HEAT X i 1) o 2 M BEEAT DU =, S5k
Ve RE AR AR L, RS RARERT, RZEAE+5% i, £E 300~873 KR EIXH], 4 MR K (1)K
HI LFAAS7 06 SR BN E AT IR, ZER 35 B H(Q20-DSC) M E A K LA (Cp) s BT HEK A& R
HERE )L (D), KRB TR AT HUR () LR (Co) AL E(D), B A 4 = «/(DCp)
T ARG, R T R Accent HL5500PC Y82 /R Il & Z Guxt A b (1082 /R SR AGHAT IR o

3. /R5WiL
3.1 AMEEH

1 79 LixCagSi (x = 0, 0.02, 0.04, 0.06, 0.08) LA+ £LK) XRD K3, 44t LiCapSi (x = 0.02,
0.04, 0.06, 0.08) T4 Ca,Si IIRHEIEY A, FM Li iR CA B RIES] CapSi i iAgs i, &
BT AR 4 B LixCap.gSi FES AT G S CapSi di A& I AR HE AT 4T (JCPDS 01-074-0170) 584
XENLe WEAb, P L AL, SRS T CasSis 5B AN, 3K OAER R B S A i) 6 T AR P A A
Ca MR IVR T FEA . K 2 7%, BT Ca ffisk, (AR GLT CagSi Ml CasSis PIAHIX, Pt
JE13E] T CagSi Ml CasSis. 5% —AH CasSis FIAFFERE S HL 2 ME BE AN B ™ AR A FIRO AR, A IR AR 4
KRR LRI ], S B Ca, SRAME RS BRI st e Ca 3R IR, MBS HAH CagSi.
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Figure 1. XRD patterns of the bulk LiyCa,.Si (x = 0, 0.02,

0.04, 0.06, 0.08) samples

1. LixCapSi (x = 0, 0.02, 0.04, 0.06, 0.08) R4 1B

XRD Eli&
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Figure 2. The binary phase diagram of Ca-Si
2. Ca-Si ZLHEE[11]

3 J& LixCapySi (x = 0, 0.02)He Ak Wi SEM JE3, Hrb [ 3(a) & CaySi [l SEM JE5,
3(b)M LixCapxSi (x = 0.02)KIWiTH SEM JEF . WIEIFT7R, LixCapSi (x =0, 0.02) ¥4 L 4 28 80%
RRLR/NEIS], LiCagSi (x = 0, 0.02) BRAKAT B~ 2 R0KL R KL 2~3 pm Ze A, UKL RS B K /N6 44
BHOHETERE . R RS EA . Wi Sh 8500 — e N BT ISR, R R BT 1)
Wtk Hor CapSi Wi ST B %, RY Li B4J5, MEMEINEA — e REHEC, s AR
29 2~5 um K47 . HUERES Li,CapySi (x =0, 0.02, 0.04, 0.06, 0.08) % ) 43 i A 2.03 g/em?, 2.11 glem®,
2.05 g/cm®, 2.08 g/cm® £ 1.99 g/cm®, 5 Ca,Si IHEEFE 2.17 g/em® LU .

T —
W 1
Figure 3. Corss-section SEM images of the bulk Li,Ca,.,Si (x = 0, 0.02) samples
3. LixCapSi (x = 0, 0.02) R {4 ¥ HO BT E SEM 253
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3.2. HEEERE

LixCag-Si (x =0, 0.02, 0.04, 0.06, 0.08) P&} i) it 2k e il L AR AR R AN ] 4 P ] 4(a)
AR, AR RS B IR B T TR, SR TR SR B LI B AR RN, CagSi
HL S I, X2 T Li (R Ah2 400 1, Ca IEAMNEHTFHON 2, 24 Li #50 & 4R Ca 13440,
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Figure 4. Temperature dependence of the electrical properties of Li,Ca.4Si (x = 0, 0.02, 0.04, 0.06, 0.08)
4. LiyCap»Si (x = 0, 0.02, 0.04, 0.06, 0.08) 34+ 1A M At 5IRE R X R
#2149 LixCagySi (x =0, 0.02, 0.04, 0.06, 0.08)FE &5 SR T /R RHL. Bk T AT,
R B LSRRG, BOR TIREEZETE N, Bl SR T

Table 1. Hall coefficient, Carrier concentration and mobility of the Ca,Si(;.)Sny samples at RT
% 1 Li,CapoSi #REZBMNERRY,. SAFRERTIBE

bl FIRR B FIURE
LixCagpSi Ru(107m%/C) p(10*%/cm®) u(Ccm?/Vs)
X=0 1.51 413 128
X =0.02 1.43 435 123
X =0.04 1.28 4.86 119
X =0.06 0.98 6.34 106
X =0.08 0.83 7.52 98

i 4(b)rI %, Li #8840 Ca 5, B REWINIEE, iR P B SR MG SAFE.
£ 300~873 K M i TGN, FTA 5 245 M 1035 DUve AT CapSi M Ve &%, 1 HBE#E Li
IR FE RIHE N, P DLUse RECE AR, KRB Li 52 S EER RSN, 5% L. B2,
Li B2 H R T CaSi Fi 2[RI, HaE Do REBUHBLE N . 14 5 /2 LicCapSi (x =0, 0.02, 0.04, 0.06,
0.08)FE i I T K T iR LI G R4, Thoe R 7R 3 DU ve R AP 07 5 M. Li #8748 Ca
B LiyCap0Si HL T I IR, 3 DUvw RECH BRI, Rl R B Li B AR B4 = . £F 300~873
KSR P T L A S S iR P45 44 19 LiCagSi (X = 0.04, 0.06, 0.08)Ff it B [K] 11 T B . 7 650 K £ 873 K
MR EEVE I Y, Li B4R x = 0.02 Th % F T4 Ca,Si MIIZFE FHLLEL, LikCapxSi (x = 0.02)[11)
R FIEA PR, XFERE SR INFER, B REBCE RGN, (HEBRARAN, Wi %
EYRE I

DOI: 10.12677/ms.2019.97080 643 PR R


https://doi.org/10.12677/ms.2019.97080

TIRY %

0.9

|—=— x=0
[—e—x=0.02

M 0.8 | —+—x=0.04 LiyCag_ySi
| ——x=0.06

£ 0.7
: L —— x=0.08
(‘?B 0-6 B

o |
= 0.5}
2 L

E 0.3} W

S |

(a9 02 . 1 . ! . 1 N 1 . ! . |

300 400 500 600 700 800 900
Temperature, T/K

Figure 5. Temperature dependence of the power factor of Liy.
Ca.Si (x =0, 0.02, 0.04, 0.06, 0.08)
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Figure 6. Temperature dependence of the thermal conductivity andlattice thermal conductivity of Li,Ca.,Si
(x=0,0.02, 0.04, 0.06, 0.08)
6. Li,CapxSi (x =0, 0.02, 0.04, 0.06, 0.08)iIA S E K BIEASESRENKXR

Li,CapxSi (x =0, 0.02, 0.04, 0.06, 0.08)FJ#A T2 . ftk TR 5RO RIZ A 6 frx. & 6(a)
BT R A T S A IR R A v T PR . RN EIR VSR, Li BARERSELET CasSi
TR, JFHBEE L BRI, MSRAFEER, X2F L #58 Casi, WX EH
¢, MERFIREER N, kiSRS S CaSi MIMTRIGI. AP, BT UoE kA G
M =AEESHFE UG R BSRMNG R BRAH B OCERN), BN S5 SR, S
BRI U BRI A S I R R k= e + kg KRR TR ATER, Hi o NG
R, ke NI THGR, Hbke=LewoT, Lo CEHEH 2.0 x 108 VK™, o NHEFR, T L.

HE 6(b) T, Mg R FRAELMRGRES XS, RERGRE Li BAIRERE A, dE— U
T Li Bkt E T BRI

7 7 LiyCapxSi (x =0, 0.02, 0.04, 0.06, 0.08) ) 2T fE SR MG R M4k, BB, Li BAKREN
(x =0.04, 0.06, 0.08)}, #HLPEREMAELE 300~873 K AL L BN B A BRI, BT REIREBRES
B H L A PR RE AT A PERE . Li BB 49K x = 0.02 IFF, 7F 650 K F| 873 K (IR EZ T Y, KEM 1 2
PEBEAS RN T Ak, 5 Ca,Si I FRMIELEL, LiCapoSi (x = 0.0 KGR G FA, EPFHMTFRIE
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Figure 7. Temperature dependence of zT of Li,Ca;.4Si (x = 0,
0.02, 0.04, 0.06, 0.08)
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