Material Sciences #1¥R}2£, 2022, 12(2), 87-95 Hans Xl
Published Online February 2022 in Hans. http://www.hanspub.org/journal/ms
https://doi.org/10.12677/ms.2022.122009

Biy(Te - Se,): & SRR B AVHI 2 B FFIERIR

Ao, B, 2 M, & OE, 3 R, N W, 3 4K
IR S TR AR, LT KiE

Woks H . 20224F1 200 FHER: 2022452 H17H: & AH: 20224F2H28H

HE

AR HEARERS S, BIEBLTe: AP B/ >BMBI,Se;, & H T Bix(Te-Sex):EHREEEE
E#HAME . FIFXRD. SEME ARSI d %, SARSERNSESEH. REBH. HRSn
RABEEHITT B OT. IREI, B —EBKSestR5I ABi:Tes}, AI7EBIiz(Te1-Se)sEAHHE
PR R A KB VRBUE R SR FE AT S 5, 30 T X A FAKEEE FRBEE, AXRATEEMER
SR, BMETHAS R LRERRY, 7T = 316 KT, ZSeJf T HFx = 0.06FF, #| & HIBiz(Teo.04S€0.06)3
B AP EARURE & T 2% B R T35 %) 7.87 mV, Seebeck R ¥ H-236.35 nV/K, HZTEXFIR K, N1.24.
GRRY, Bix(Ter—Sey)sE A HRHH AT B 1A AR Se )R 7 1 E 4 EL R IF % .

XK ia
Bi:Tes, RAMEL, ekt

Preparation and Properties of Biz(Te1-xSex)3
Composite Thermoelectric Materials

Jie Liu, Mengke Li*, Yang Liu, Wang Li, Yuan Liu, Chang Liu, Jun Liu

School of Physics and Electronic Technology, Liaoning Normal University, Dalian Liaoning

Received: Jan. 20", 2022; accepted: Feb. 17", 2022; published: Feb. 28", 2022

Abstract

By doping different atomic percentages Bi,Se; in Bi;Te; powdwer, Bi,(Te;-.Sex); composite thermoe-
lectric materials were synthesized with hot-pressing sintering method in the special mould. The
crystal structure, surface morphology, and thermoelectric properties of the synthesized samples
were analyzed by XRD, SEM, and the self-made thermoelectric performance testing equipment. It
was found that doping a certain amount of Bi,Se; into the lattice structure of Bi;Tez can produce a
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large number of defects and grain boundaries in the crystal micro-structures of the synthesized com-
posite thermoelectric material samples, which increases the scattering effect of phonons and low
energy electrons of the lattice, effectively enhances the conductivity, and reduces its thermal con-
ductivity of the composite material samples. As x = 0.06, the prepared Biz(Teo.9045€0.06)3 composite
thermoelectric samples exhibited optimal thermoelectric performances at 316 K. Its open circuit
thermal voltage can reach 7.87 mV, Seebeck coefficient is -236.35 nV/K, and the figure-of-merit
ZT value is 1.24. It was demonstrated that the thermoelectric performance of Bi,(Te1-xSex)s com-
posite thermoelectric materials can be improved by tuning the Se composition.
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HET, DM AR 1 B IR BHE R BT R TR 20 60%~70% 11 5R #vil Bl BT B A B v, [l
Uk, NTTREMGR, S EETE AR R T R S A S IR B B R IR R SRR . Horh,  mIRI RS
R FEIPRAEIR 22 K B PR A AR B A S T R 2 B TR I OCTE (1] (2] [3]. 4T,
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g E X R B SR, T2 AT AR 70 R R (4] [5]. HET, BAGE) BiyTe; # A
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il 45t Bix(Te Se,); EAMEMEL, HKBBEMBIE, DU BiyTe; 2 &AM R H MRS
WEFCR 3 2 H bRl 2 —E &I Se LR GIA BiyTes 1, ML GEFE T AR S KRR IHHT OB IR B, 42
Tt Bix(Te -, Se,); BlE A G2 JREIT Se SR MB AL, TE Bix(Te - Se,)s [FlE A 5] N —LLORETE LA
R R RN, I P R RE T IO E, A RRIR LT IR, BT Biy(Tey-Se,); 2 A& M
BRI ZzT B2 553 RN, 26 & T2 B ki EaMmea bk, Bf
BT R R M S R
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Bi,Se; ¥ AR (A E 99.99%, H it HA (L) RHE A R 7)) k), SRR R LG5, 4 7 A [F BixSes
B4 Biy(Te - Se,); E AWML BAATI &SRR T B2, %KL Biy(Te - Se,); 1 x B/,
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{8 Bi,Se; 1 Bi,Tes #y AR LG S ORFEA 20 go SEERH, SeMREGF ARG AR, oA AR SR gk
ITTRFERTEE 1 h, (EHBR A IR EGID): B, OB oREIN B S ELR b R Se 47 55 R A, R
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il 2 G P B AR B o FE RS 60 mm x 14 mm x 2 mm.
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Figure 1. (a) Schematic of the self-made mould for pressing; (b) Diagram of the thermoelec-
tric characteristic testing method
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3.1. Bix(Te;-Se); EA AR XRD S47

K 2 g5 T il AN [F] Biy(Te - Sey); E A HCEM LS T XRD K. Hd, Kl 2(a) 8 AR Se
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Figure 2. XRD patterns of the Biy(Te;—Se,); thermoelectric material samples at various Se compositions
(x=0.00,0.05, 0.10, 0.15, 0.20, 0.25) (a) 26: 10°~80°; (b) 26: 43°~45°

2. A Se BB HY BiyTe - Se,); #ERAY XRD & (x = 0.00, 0.05, 0.10, 0.15, 0.20, 0.25) (a) 20:
10°~80°; (b) 20: 43°~45°
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Figure 3. Cross section SEM images of the Biy(Te,_Se,); samples: (a) the Se composition of x = 0.00; (b) the Se composi-
tion of x = 0.25; (c) SEM images of grain boundary on sample of x = 0.25
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3.3. Biy(Te;Se.); EAMMABE IR

4 IR, #4511 Biy(Te,Se,)s (x = 0.00, 0.03, 0.05,0.07, 0.10, 0.15, 0.20, 0.25) 5 A H A RIFE i
TR o BB E x RS RIME. WHH, AR Se AT HIFEMG = 0.000), HEFRRN, 4
N 1219 S/m. TiBEE Se 45y 1H N, HA SR AEHIEM, 4 Bi,Se; &N x = 0.050 i, FEMmIH
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Figure 4. Electrical conductivity curve of the Biy(Te;_,Se,)s
thermoelectric material samples at various Se compositions
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BATINA, B Se 3 HOTEHTHEIN, 14 () Bio(Te,-Se,)s FF i AU HL T 5 S DU T B2 A 34 IR
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Figure 5. Curves of Open circuit voltage, Seebeck coefficient, and power factor versus temperature for B;,(Te;_.Se,); sam-
ples at various Se compositions, respectively. (a) Curves of Open circuit voltageversus temperature; (b) Seebeck coefficient
versus temperature; (c) Power factor versus temperature

5. FlEBIATE Biy(Te _Se,); HEMBITFIREE . Seebeck R EREFSREMXRMEL. () FRBEESEE
BIXRERZL; (b) Secbeck BB EEBEMXRIME; (o) WEREFSEENXRLZ

5 45 7 RIA Bix(TeySey)s FEM TS HLE V. Seebeck R2%0 av ThHEMK T oo 5HIEIRE T K%
2. Hr, 14 5(a) 8 Biy(Te,Sey); (x = 0, 0.05, 0.10, 0.15, 0.20, 0.25)5 & H L EE 5 1 JT 1 HLUE 5 P
BEERXKRMZ. 5 MRS RERE 508 316 K. 321 K. 326 K. 331 K. 336 K, IR AR 1R B 1E €
9298 K. AlEH, ES5HER p BHE RN B ,Sbos),Tes ARG, B m iR AGER T, B
A Biy(Tey-Se,)s 5 A #AFRE it 98 ity 1 22 A Lt B 2 3K . M IRBL S ik Bl i =l 336 K ISP, BT AR
R EHOE B R K. Hx = 0.05 RS, HERBIREMARERF NEK, N 749 mV. N TR
Biy(Te,Se,); FE 5 & # M RH R VMR RE UL 25 TH LG EL, FRATTXAE x = 0.05 BIRE i B (O LU A% o gk
177 VEARXT ELRR 7T, 2 IR 4T T (x = 0.03, 0.04, 0.05, 0.06, 0.07) & & #4 HLFE 5 (1% L TR -5 FAJR T
BRRER, ERINE SOFR. BRI x = 0.06 B, Biy(TegouSeoos)s 52 & H A RFR I Y22 L B K,
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n B4 5 AR

D EB Se BT IS E A AR 2 BT DLEAG BUR K ZE A LN R Seebeck FREUE A 22 i HL 5l 34
HI Seebeck F &L F E 5 HI T IKFE LRI Se 15 TE ) dh& S5 MR B A K, D& Se i FIEING,
SRR R EVE A4, TR KE Te 1 Bi 1250 AL GRS R 2 R EIE IR FE I KN o TR
FKIN[4] [9], EEN) Se AN, FIAE Te Ji 5 S m T S Bi ALIFTE U 2 IO AL BB, JF 23080
TR T2 G RROC R Te® 2S00 R Te B HEgE, Al E M R IR 4L 210 s T, SRR S K T BT (1 30
TRPERG R . [RINF, 7 R Be4h T8 U [ & 400 B BRI & ) e, 43 28 S8 il 7 1) b (¥ 3 e T
Bro (2R EH Se JETF IR IR SER A H I BiSe,Te #, M FIREME SR T, AN, o
1) Se JFE T IR I KA SmA% = AL KR BREE AR S, s A IO SO 2 1K, A e s
TR

T 3RH Biy(Te - Se,)s FEE G M B AR 22 TR BCLE, FRATE x = 0.05 AT 15 2 104
AACTD B X EEl it o b, BRI, x = 0.06 ) Bix(Teg0sSeo06)s A A HFT B Seebeck REUNE K,
A[i%—-236.35 uV/K.

WA L3RI 52 B AR TF] Biy(Tei-Sey)s FF il HIHL S 3 A1 Seebeck R%L, [l 5(d)%5H T AN Biy(TeSey)s
FER I ThR AT o’o BERJEIR AL 22 . W L Biy(Te,Se,); 2 A AR DR K11 &8 TR
B BisTes Feat, RIS, WRIFR], FrA o 0 D2 0 1A B i IR BRI FE 22 R 1 KT 28 T AL,
HERER T Se A S EABMA R, HALEH S Seebeck REHIRE LMK RMFA, £ T =316 K
T, x=0.00 [94l Bi,Tes St AR HE IR E F4 1.95 mW/m-K>, 1M x=0.05 [ &AM TR T4
3.17 mW/m-K>, Ti#E— 5 R ASEI M &KL, x = 0.06 (E GBI TR F ok, ik 3.58
mW/m-K>, Lt Bi,Te; SR MBI\ RR FA TH KT HAEZRAPRXE, @idbEK Se

HE, ]I RN R AR (2D R R AR B R, ZT = 0o The, b T R Z4XHEFE,
o TR, o RENTRE, « £AG R, BEEFEM B REIE 2T, 5L ZUREM SR k.
PERE AL 5 (KA FRRL D6 20 AT B K HL T SR/ I 3 (BRI S e R 4, AR IR I 56
13 BNBAGHA AR R . N PPARRE R ) ZT {8, FRATRA T KB 2= BiyTe; ARG R ML FIME « =
LIW-m K S RE, T

PRAE S ) PR o, ZE D170 R o AT 5 o (DB ME, BRAEH T Biy(Te - Se,)s FEah ¥ ZT {H Rt
T T ULK BiSes T HIAZ LK &, & 6 fim. M 6(a)il B, Frateme ZT 85 h&E 738k
TR, BEEIRERTFRTAS N, (B NEREES . FTE R ZT [HI97E T=316 K ik, Hop
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Figure 6. Curves of figure of merit ZT versus temperature for B,(Te;-.Se,); samples at various Se compositions (a) x = 0.00,
0.05,0.10, 0.15, 0.20, 0.25; (b) x = 0.03, 0.04, 0.05, 0.06, 0.07

6. K[E] Se FRMEB A Biy(Te,_Se,); HFambl ZT ERERE T XFR. (a) x=0.00,0.05,0.10, 0.15,0.20,0.25; (b) x=
0.03, 0.04, 0.05, 0.06, 0.07
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