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W R R AL, AR B S B -k B ST
o M M TS 10 2 T A S A 4 v+ 0 e
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Bl 1 BiCuTe; ,Se,0 (z=0,0.1,0.2, 0.3 F1 0.4) LR AT

(a) XRD [i%; (b) FAAF V; () M H 5L ¢; (d) fiks # % a. K

(a) PR BiCuTeO byl 15 SCHRR IS B 7+ 045 2905 18] (b)— [l () 9k ek PG 4521
Fig. 1. (a) XRD patterns of the hot-pressed BiCuTe; ,Se, O (z = 0, 0.1, 0.2, 0.3, 0.4) samples; (b) cell volume V; (c) lattice paramet-
er ¢; (d) lattice parameter a as a function of the Se content. The standard XRD pattern of BiCuTeO in (a) is calculated from the

Rietveld refinement data given by literature?’. The solid lines in (b)—(d) are the linear fitting results of the experiment data.

Kl 2  BiCuTe, ,Se,0 (z =0, 0.2 0.4) #ibSCHE S A9 SEM E{R (3 K A 8L B9 EDS 10 #9170 40 1 R ) ((a)—(c)) LA Wt ihi

SEMESLA ((d)—(f))

Fig. 2. SEM images of polished samples (the insets are the EDS elemental mapping images) ((a)—(c)) and SEM images of fracture
surfaces ((d)—(f))for BiCuTe; ,Se,O (z =0, 0.2, 0.4) compounds.
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FEA AT SEM JESE. X HA B, K1 Se #Edh
ARL NS AN 5 S AR /N 15 pm. B
& Se BB, B G I SRL RS 2 080/, I
ARAFH OS], SR RIZIE T BiCuSeORY A 4%
AR, AR /N 0.5—1 pm . [RIEE, 76 BT A FE
T R B R B A DR ).

3.2 BiCuTe, Se O HIEHIE4RE

BT Se &1L Te T EUMAE & B8/, 5]
PR AR RIS, T H. Se FyHL FUbE L Te K, B
BiCuTe, ,Se,O MBS T PEBER Se 7 1 (1914 i ifij 14
G, IO XTI A R Y L IS PR R T A R
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AL, Forh, KRBT 0 i S R BE R T &
1N, R AR ST, IF A 500 K A2
Fi AR % . Se R X Te FEUREM 1 HL T H K
BRREAG, FF S SR B Se B 2k A9 35 0 B 8 ik
N, TERHRIREERT (24 333 K), REAL AL SR MR
BAR (= 0) M2 22000 S/m KIEFLE Se &
H = 0.4 %5 1800 S/m, Jf-H. Se A 2= 0.3
0.4 B & B4 L SR IR B AR AL O R B A T
JEE S RAT R 3 2B R A A B Tk B B
H Se &R INMREARATE (WL 1 A1 3(d)).

mE 3(b) iR, KB4 H BiCuTeO #F i (1)
Seebeck U BE IR B T = e vl N E 3K, A Se
FIRE A Y Seebeck 2 ) &2 35 19 . AR 4E Mott ¢
F P71 Seebeck ZES 2T BE AT AU L,
SR AR RN ALIE . BEZ Se B3I,
T I VA B R R S8R s/ N, T T
AR E AWK (WL 1), X b S S35
Seebeck ZREIEK. SR, Seebeck AL T AL
DIAMEE L SR BRAR A2 MR, DR T i T 2R R 7 i
& Se Fri¥E N/ (WK 3(c)). e, Se B

f Te F 2 BiCuTe,_,Se,O BIUIRE F /i T A
419 BiCuTeO I BiCuSeO Z[H]. 75 £L48 H AU &,
EER T, WA R B TR E ST RS
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PRFRATHY I ZE R, BiCuTe, ;Se ;0 5 BiCuTe ;
Se.4O FERPIEIFHREE /354 5.1 x 10Y 5 5.8 x
10" em 3, BIEAHZEAK, BB Se FIMASXT R T
R ON WA S QAR 2, & 4 O VB =9 = e e A 1)
SEBIMAREREHR T Se TS FEM. BT
Se L TAMERS K, 7E BiCuSeO Hh— & b E
CuySe ZKAAH I, T LAFRATIA A X Fh 2800 Mk B
WS R in 7 2 i B T e 2R /D i CuySe 4K AH
HIAT 2.

J T AR Se B Te % BiCuTeO HL 4
EYERERYSE I, FRATARIE SCHRHI B S 45 T S 4
BiCuTeO2425 FI BiCuSeO14:16.28] {1 7 37% TA % ki
TR e B R AR A (LA 4). nfAl 4(a) T
7N, B IR R RGN, BiCuTeO il BiCuSeO
PRV I AT RIS T ARG K (B A AR £ S
Prar BRI AR 2, 7RSO Bn F U LR S, 1
RERUAR T JERE AR N 2o S A O, Rt
M AT m EUE T REAETE— W 25, (1
& B R 0 RO 7 LR R
Mg 28). JE A A B A&, BiCuTeO W A
245 e P 28K U Wk B R AR B2 /N T BiCuSeO.
TEMIF AR THE T, BiCuTeO HYEIR T 5L
JEZ/ T BiCuSeO. L, FIH Se B BiCuTeO
M5 Te, FEE T ABEN K; 2, Rk
SCHRARIE, FIF Te 4L BiCuSeO fIHRS> Se, F5
BT RO R 28,

BiCuTe,_,Se,O MR T AR I =AMk, 7T LA
it Cu-Q (Q = Se, Te) fh 27 i) it 5 Sk fige ¢ .

# 1 FEIRT BiCuTe,_,Se,0 (z =0, 0.1, 0.2, 0.3 F1 0.4) MM TIRE (n) TBR (n). B2E (o) LR T

AR (m*)

Table 1. Room temperature carrier concentrations (n), Hall mobilities (), electrical conductivities (o) and effective
masses of BiCuTe,; ,Se,O (z=0, 0.1, 0.2, 0.3, 0.4) samples.
B B FHEn/cm ™ ERER p Jem?V L] B 5% /Sm ! m’/mg
BiCuTeO 8.4 x 1019 28.2 3.81 x 10* 2.42
BiCuTe, 4Seq ;0 7.0 x 10 11.8 1.32 x 10t 2.94
BiCuTe, e ;0 6.3 x 1019 7.9 7.89 x 107 3.07
BiCuTe, ;Seq ;0 5.1 x 101 4.0 3.31 x 10° 3.2
BiCuTe Se( 4O 5.8 x 101 1.9 1.73 x 10° 4.28
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Seebeck coefficient /pV-K—!

Electrical conductivity/S-m~!
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BiCuSeO) Pei et. al - T T T =< _
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- -

10 DWD\D—D—D*D sor (@ 730

Power factor/pW-cm~—1K—2
Hole concentration/10' cm—3

Carrier mobility /cm?.V—-1.8-1

300 400 500 600 700 0 0.1 0.2 0.3 0.4
T/K Se content =

B 3 BiCuTe;,Se,0 Hfh (z=0,0.1,0.2,0.3 F10.4) B (a) H. 7% 0; (b) Seebeck REL S; (c) TIFE T Lo bl B 1Y 2 b £k ;
(d) FE & B9 B T W Z n T8 R bl Se & A9 AL AL M 28 . 18T (a)—(c) AP KRR R K £ 23 G O STk R OR 8 A0
BiCuTeOP 55 BiCuSeOM) f¥) 1432 M fit

Fig. 3. Temperature dependent electrical transport properties of BiCuTe,_,Se,O (z = 0, 0.1, 0.2, 0.3, 0.4) samples: (a) Electrical con-
ductivity o; (b) Seebeck coefficients S; (c) power factor $?c. (d) Se cotent dependence of room temperature hole concentration n and

mobility p. The dashed and dotted lines in (a)—(c) represent the electrical transport properties of undoped BiCuSeOM and BiCu-
TeOP3, respectively.

(a) @ BiCuTeO doped with Pb 3 (b)
I @ BiCuTeO doped with K F
L @ BiCuSeO doped with Pb 5F
@ BiCuSeO doped with Ca E
€ BiCuSeO doped with Te and Pb r
6 * :
L 4t
- Heavily doped BiCuSeO ~ [
£°7 £t
i ¥ I
g 4 C e & 3
"o O 3r
3 —
Y 1 [ O Te doped BiCuSeO
2r < -9 Heavily doped BiCuTeO Se doped BiCuTeO
L T N | oL Ll L
1020 1021 1019 1020 1021
Hole density/cm—3 Hole density/cm—3

K4 (a) EBAR BiCuSeO! 1628 Hl BiCuTeOR ! {4 I A B m BEAIR T E n BB ILHIZR; (b) Se 2% BiCuTeO (4 T.
) Tl Te 2% BiCuSeOP™ Y 2 It 1A 88 B it il 280 13K BE o B9 22 Ak il 22

Fig. 4. Hole concentration n dependent effective mass m" of (a) Heavily doped BiCuSeO!"*'628] and BiCuTeOP*?; (b) Se doped Bi-
CuTeO (this work) and Te doped BiCuSeO?!.

BiCuQO MMl HUEH Cu i 3d BliES Q 1Y p B HEIN, Cu- Q b= B A S - PR3 o, 300 A R

I ZARIT AL 2050, 17 Se SNZAY 4p BLIELL Te SMNZ I, If BB SE. Ak, Cu-Q AL By
(1 5p HUE Z IR, FrIEEE Se B 4U Te 1 TAHERGSR, AR TIAE Cu 25407, FfLA BiCuTe, ,
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Se,O WIBIM THEREE Se & HEAYBEINMIFEAR. —
B, B B TR REAR, B T LR R e,
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Fig. 5. Temperature dependent thermal transport properties of BiCuTe; ,Se, O (z = 0, 0.1, 0.2, 0.3, 0.4) samples: (a) Total thermal
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Abstract

Recently, layered oxychalcogenide has attracted significant scientific attention because of its intriguing
electronic properties, intrinsically low thermal conductivity and, correspondingly, outstanding thermoelectric
properties, of which the BiCuSeO possesses the best thermoelectric performance ever reported. For instance, the
optimized 2T value of BiCuSeO system reaches 1.5 at 873 K through dual-doping approach. Such a zT value is
comparable to those of the state-of-art p-type lead chalcogenide thermoelectric materials. However, comparing
with BiCuSeO compound, little effort has been devoted to the isomorphic analogue BiCuTeO. On the one hand,
the BiCuTeO has a pretty small band gap (0.4 eV) which limits its working temperature range. On the other
hand, numerous intrinsic Cu vacancies are present in BiCuTeO due to the weak Cu-Te chemical bonding,
leading to an excessive carrier concentration. Thus, further increasing carrier concentration through doping will
lead to a deterioration of electrical transport properties and thus reduce the zT value. Herein, we choose Se and
partially substitute it for Te in the BiCuTeO to enlarge the band gap and reduce intrinsic Cu vacancies by
strengthening the chemical bonding in the conductive layers. By combining solid-phase reaction with hot-
pressed sintering, the BiCuTe; ,Se,O (z = 0, 0.1, 0.2, 0.3, 0.4) bulk thermoelectric materials are prepared, and
their microscopic morphology and thermoelectric transport properties are systematically investigated. Our
experimental results show that the substitution of Se for part of Te results in strengthening chemical bonding in
the conducting layer, enlarging the band gap, increasing the carrier effective mass, reducing the carrier
concentration, and enhancing the carrier scattering. Therefore, the electrical conductivity dramatically decreases
but the Seebeck coefficient significantly increases with Se content increasing, leading to the decrease of
thermoelectric power factor. Furthermore, a slight reduction of the total thermal conductivity is realized by Se
alloying due to the decrease of the electronic thermal conductivity. Consequently, the dimensionless figure of
merit zT decreases with the Se content increasing because electrical transport properties are deteriorated
seriously. Finally, the zT value of 0.3 at room temperature and 0.7 at 723 K are achieved for the sample with
z = 0.1, indicating that the Se substituted BiCuTeO sample can still maintain comparative 27 values in a wide
temperature range. Considering that the effective mass of BiCuTeO is significantly increased by Se alloying, the
thermoelectric performance of BiCuTe;_,Se,O compound might be further improved by optimizing the carrier
concentration.

Keywords: BiCuTeO, BiCuSeO, band structure, thermoelectric properties
PACS: 72.20.Pa, 72.10.Fk, 71.20.-b, 65.40.-b DOI: 10.7498/aps.68.20181850

* Project supported by the National Natural Science Foundation of China (Grant Nos. 51772186, 51632005).

1 Corresponding author. E-mail: junluo@shu.edu.cn

077201-8


http://dx.doi.org/10.1039/c2ta00818a
http://dx.doi.org/10.1039/c2ta00818a
http://dx.doi.org/10.1039/c2ta00818a
http://dx.doi.org/10.1039/c2ta00818a
http://dx.doi.org/10.1039/c2ta00818a
http://dx.doi.org/10.1016/j.mser.2009.10.001
http://dx.doi.org/10.1016/j.mser.2009.10.001
http://dx.doi.org/10.1016/j.mser.2009.10.001
http://dx.doi.org/10.1016/j.mser.2009.10.001
http://dx.doi.org/10.1016/j.mser.2009.10.001
http://dx.doi.org/10.1039/C7EE00464H
http://dx.doi.org/10.1039/C7EE00464H
http://dx.doi.org/10.1039/C7EE00464H
http://dx.doi.org/10.1039/C7EE00464H
http://dx.doi.org/10.1021/acs.chemmater.7b00028
http://dx.doi.org/10.1021/acs.chemmater.7b00028
http://dx.doi.org/10.1021/acs.chemmater.7b00028
http://dx.doi.org/10.1021/acs.chemmater.7b00028
http://dx.doi.org/10.1021/acs.chemmater.7b00028
http://dx.doi.org/10.1007/s12648-016-0928-4
http://dx.doi.org/10.1007/s12648-016-0928-4
http://dx.doi.org/10.1007/s12648-016-0928-4
http://dx.doi.org/10.1007/s12648-016-0928-4
http://dx.doi.org/10.1007/s12648-016-0928-4
http://dx.doi.org/10.1002/adfm.v23.12
http://dx.doi.org/10.1002/adfm.v23.12
http://dx.doi.org/10.1002/adfm.v23.12
http://dx.doi.org/10.1002/adfm.v23.12
http://dx.doi.org/10.1002/adfm.v23.12
http://dx.doi.org/10.1039/c2ta00818a
http://dx.doi.org/10.1039/c2ta00818a
http://dx.doi.org/10.1039/c2ta00818a
http://dx.doi.org/10.1039/c2ta00818a
http://dx.doi.org/10.1039/c2ta00818a
http://dx.doi.org/10.1016/j.mser.2009.10.001
http://dx.doi.org/10.1016/j.mser.2009.10.001
http://dx.doi.org/10.1016/j.mser.2009.10.001
http://dx.doi.org/10.1016/j.mser.2009.10.001
http://dx.doi.org/10.1016/j.mser.2009.10.001
http://dx.doi.org/10.1039/C7EE00464H
http://dx.doi.org/10.1039/C7EE00464H
http://dx.doi.org/10.1039/C7EE00464H
http://dx.doi.org/10.1039/C7EE00464H
http://dx.doi.org/10.1021/acs.chemmater.7b00028
http://dx.doi.org/10.1021/acs.chemmater.7b00028
http://dx.doi.org/10.1021/acs.chemmater.7b00028
http://dx.doi.org/10.1021/acs.chemmater.7b00028
http://dx.doi.org/10.1021/acs.chemmater.7b00028
http://dx.doi.org/10.1007/s12648-016-0928-4
http://dx.doi.org/10.1007/s12648-016-0928-4
http://dx.doi.org/10.1007/s12648-016-0928-4
http://dx.doi.org/10.1007/s12648-016-0928-4
http://dx.doi.org/10.1007/s12648-016-0928-4
http://dx.doi.org/10.1002/adfm.v23.12
http://dx.doi.org/10.1002/adfm.v23.12
http://dx.doi.org/10.1002/adfm.v23.12
http://dx.doi.org/10.1002/adfm.v23.12
http://dx.doi.org/10.1002/adfm.v23.12
http://dx.doi.org/10.1039/c2ta00818a
http://dx.doi.org/10.1039/c2ta00818a
http://dx.doi.org/10.1039/c2ta00818a
http://dx.doi.org/10.1039/c2ta00818a
http://dx.doi.org/10.1039/c2ta00818a
http://dx.doi.org/10.1016/j.mser.2009.10.001
http://dx.doi.org/10.1016/j.mser.2009.10.001
http://dx.doi.org/10.1016/j.mser.2009.10.001
http://dx.doi.org/10.1016/j.mser.2009.10.001
http://dx.doi.org/10.1016/j.mser.2009.10.001
http://dx.doi.org/10.1039/C7EE00464H
http://dx.doi.org/10.1039/C7EE00464H
http://dx.doi.org/10.1039/C7EE00464H
http://dx.doi.org/10.1039/C7EE00464H
http://dx.doi.org/10.1021/acs.chemmater.7b00028
http://dx.doi.org/10.1021/acs.chemmater.7b00028
http://dx.doi.org/10.1021/acs.chemmater.7b00028
http://dx.doi.org/10.1021/acs.chemmater.7b00028
http://dx.doi.org/10.1021/acs.chemmater.7b00028
http://dx.doi.org/10.1007/s12648-016-0928-4
http://dx.doi.org/10.1007/s12648-016-0928-4
http://dx.doi.org/10.1007/s12648-016-0928-4
http://dx.doi.org/10.1007/s12648-016-0928-4
http://dx.doi.org/10.1007/s12648-016-0928-4
http://dx.doi.org/10.1002/adfm.v23.12
http://dx.doi.org/10.1002/adfm.v23.12
http://dx.doi.org/10.1002/adfm.v23.12
http://dx.doi.org/10.1002/adfm.v23.12
http://dx.doi.org/10.1002/adfm.v23.12
http://dx.doi.org/10.1039/c2ta00818a
http://dx.doi.org/10.1039/c2ta00818a
http://dx.doi.org/10.1039/c2ta00818a
http://dx.doi.org/10.1039/c2ta00818a
http://dx.doi.org/10.1039/c2ta00818a
http://dx.doi.org/10.1016/j.mser.2009.10.001
http://dx.doi.org/10.1016/j.mser.2009.10.001
http://dx.doi.org/10.1016/j.mser.2009.10.001
http://dx.doi.org/10.1016/j.mser.2009.10.001
http://dx.doi.org/10.1016/j.mser.2009.10.001
http://dx.doi.org/10.1039/C7EE00464H
http://dx.doi.org/10.1039/C7EE00464H
http://dx.doi.org/10.1039/C7EE00464H
http://dx.doi.org/10.1039/C7EE00464H
http://dx.doi.org/10.1021/acs.chemmater.7b00028
http://dx.doi.org/10.1021/acs.chemmater.7b00028
http://dx.doi.org/10.1021/acs.chemmater.7b00028
http://dx.doi.org/10.1021/acs.chemmater.7b00028
http://dx.doi.org/10.1021/acs.chemmater.7b00028
http://dx.doi.org/10.1007/s12648-016-0928-4
http://dx.doi.org/10.1007/s12648-016-0928-4
http://dx.doi.org/10.1007/s12648-016-0928-4
http://dx.doi.org/10.1007/s12648-016-0928-4
http://dx.doi.org/10.1007/s12648-016-0928-4
http://dx.doi.org/10.1002/adfm.v23.12
http://dx.doi.org/10.1002/adfm.v23.12
http://dx.doi.org/10.1002/adfm.v23.12
http://dx.doi.org/10.1002/adfm.v23.12
http://dx.doi.org/10.1002/adfm.v23.12
http://dx.doi.org/10.7498/aps.68.20181850
mailto:junluo@shu.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

