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Abstract: Thermoelectric materials enable the direct inter-conversion between electrical energy and thermal energy.
However, the conversion efficiency is limited by complex interdependent thermoelectric parameters, while the high
performance thermoelectrics should simultaneously possess excellent electrical transport properties and poor thermal
conductivities. The diamond-like compound Cu,SnSe; is a promising middle-temperature thermoelectric material. In
this work, the phase (Cu,Sng¢3Ago07Se3) with excellent electrical transport properties and the phase (Cu; 91 Ago 0SnSes)
with poor thermal conductivities were obtained just through Ag doping on the Sn and Cu sites, respectively. Mean-
while, their Seebeck coefficients were also quite different. To combine their advantages, the composites of
Cu,Sng93A80.075€; and Cu, 91 AgpeoSnSe; were fabricated through mechanical mixing and sintering. Benefited from the
same crystal structure and the similar lattice parameters for these two phases, the small-mismatch phase interface is
supposed to scatter phonons with little influence to the electrons, especially at high temperature. Therefore, the ther-
moelectric performance is improved due to the synergistically optimized electrical and thermal transport properties,
which are well supported by the effective media theory for the composite.
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Fig. 2 Temperature dependence of thermoelectric properties of Cu,Sn; ,Ag,Se; (x =0-0.07)
(a) Electrical conductivity; (b) Seebeck coefficient; (c) Power factor; (d) Total thermal conductivity;
(e) Lattice thermal conductivity; (f) Thermoelectric figure of merit (Z7)



304 LA I < =

34 %

T Bl G R R T, B 7 7S S T HOR 2 1 E DLAE,
POKBEGLIE 2 BB AN i TR 2y, i R B 1R
(%25 T 22,

K 2(b) Z4H1 T CuySny_,AgSes FEfH ) Seebeck
REBEEER BN R . FrAFEMT Seebeck HEL
YINIEME, UERTE FE N p B Sk B
i 1) Seebeck Z2 %l 4 I & L S BLH T = (&,
fEi= Ag B E N CupSnSes A i i 2 I A Bl I B2 T
Em A BT, 5 AR AR b 5 I £ R o —
. bE Ag BRI, F£ 5 Seebeck RELE
JEIBEA o B2 CuaSnSes HH IR R T HLUS WL 32 22Ky
FE AR RS R, BE T B £ e AR AL (1 1R 9 o =
K1) Seebeck Z %Al LI ik Ayl

2
8kam® (7w )3
=" (gj ! M

Hor b, ke, n K0 m* 3 5 8 BT A, R 288
B, B FIRERNAZRE. HE SR o =neu MIA
R AT%D, BIFEM T Seebeck FE 1 PR K IR T
WU T IR SR, SRR 7 (PF)AT LLE T
PF = S0 5153, "CREEE I R A 2(c)fr
Ne TN TIRE MRAL, B2 IR T
BRANFFREE LT, Ho 7% Ag BAFEME2 T &
KEThZE T, 773 K PEAT% %] 10.2 pW-cm K 2,

Cu,Sn; ,Ag,Ses i (1) #Adriz M 5e bl I B 1 AR
A3 2(d~e)Fizm. BT 2URI$ETH 1 R S Ry
KTHTRASENI G, BRERTERSES 5
FRBIEFER . T HBR R TR TR, v Ll
FH Wiedemann-Franz /€, «,, =LoT, E&EKH
HF G RI RN Hofh L oAEAe 25 %, LUl
A Seebeck REMIIGM A, B 2(e)F I
p ik R RRH B R FREMETRFREWNEME, 7]
UL Ag 7€ Sn {7 B (45 245K RS S R I M i
59, JATE SRR Ag B2 & CuySnSe; £ i IF SR %
WGEEA Y . PRI ZT WE 200
B, BT FIRE R4, CuaSnggsAgorSes 1
ZT AT KRB IR T T 32%, £ 773 K ik
F0.41,
2.2 CuyyAg,SnSe; RYFAHIE I RE

Cuy ,Ag,SnSe; (3=0, 0.01, 0.03, 0.05, 0.07, 0.09)
1) XRD ElEaniE 3 B, MBS T, B s
MIAT ST BT — e R i m e, (R T S RHAH
S, BT 0 Im e 0k 25 H A4 (1) 5l A 5
AR A, DR BT AT AT T A . THE
13 B S BT S AR R IR 1 R BT
Ag B T2£42(100 pm, 4 FLAr) KT Cu (B 724142

AJ\ Cu, 91Ago09SnSe;
A A
J Cu, 93Ag007SnSe;
= A A
8 JI A Cuy95sAgo0sSnSe;
g A J A Cu, 97Ag003SnSe;
: v R
ﬁ J Il Cu,.90Ag001SnSe;
J Cu,SnSe;
J A
20 30 40 50 60 70 80

20/ )

K3 Cu,,Ag,SnSe; (y=0~0.09) ] XRD Kl
Fig. 3 XRD patterns of Cu, ,Ag,SnSe; (y=0-0.09)

#1 Cu, ,Ag,SnSe; HIBIEE T E AR
Table 1 Lattice parameters and average volume of unit
cell of Cu,;_yAg,SnSe;

y a/nm b/nm chm BI°) Vinm®
0 0.69919 1.20763 0.69667 109.26  0.55533
0.0  0.69714 120586 0.69671 109.20 0.55310
0.03  0.69812 120641 0.69551 109.21 0.55314
0.05  0.69973 1.20578 0.69819 109.47 0.55539
0.07  0.70011 1.20749 0.70033  109.47  0.55817
0.09  0.70019 121247 0.69674 109.46 0.55772

(60 pm, 4 Bifr), AIFUHY Ag IR+ BN Cu fi
B, B A AR RN, 2 I K ) s . (BAE
1%F1 3% Ag VARG, 5 230 H 8N T
RS, Xt T DB Ag BRI, Ag RiEA
Cu fir, FIRAZAEES> Cu JR 5 AR 5 mh i B 5
T HH(CuAgSe B CuSe), F=AZSM Cu &AL FE UK.

Cus ,Ag,SnSes FF & I #4 of P B B 5 10 2 1k
A 4 Fin. ™ Ag & T BEVAE Cu B AL E R,
BT Ag FIHAUE.93) KT Cu(1.90), 524 5N
ZARI A SR BRI T BT (HEE 4(a)
HHRTEN, TE 7%A1 9% Ag B AR B RS, HS A
BT RBAFAE M RN E KBS, X&HT
Cu-Se 5 HL 28 %} Cu,SnSe; H HLUi IS K IEHE 3 S4E
H, 24 Ag BN EVESEN Cu AL B, 20000 11
TERE 2P RO B, AT (A & ) F 5 e S R
TP, 7E Cuj91AgoooSnSes AL, EIE T HIH § XK
N17.6 Sem™', UNKRBIFERE) 18%. 7EK 2(b)
R, 1%~7% Ag [EVEFE 5 1) Seebeck %02 21
R BE LR b T e B, AN ER B I — e
MIARMEBOR LS . 7% Ag [EHFE M Seebeck Z %L
BT KRB R TC I B AR, I RS 2R 10 BRI
BWREIT BRI, 9% Ag FVARE R Seebeck
RAYHE RN EAR] T 324 K, BAMEEALR
FE B 3 R, E B K BRI R S T R B A A T



%3 JAl—Ng, %5 Ag $54% Cu,SnSe; BUAH R # L gE R L2 G127t 305
@ —a— =0 v y005 400 ()
150 - —e— y=0.01 —— »=0.07 350 b M
—a—y=0.03 —«— »=0.09 =0 —v— y=0.05
o ~ 300 —e—3=0.01 —e— y=0.07
g 100 | M 250 | —4—y=0.03 —<— »=0.09
b >
e 2 200¢
© )
50+ W 150
M 100¢
0 50 +
300 400 500 600 700 800 300 400 500 600 700 800
Temperature / K Temperature / K
5@ —a—y=0 30t @ —=— y=0
—e—y=0.01 —e— 3=0.01
4} —4—y=0.03 25} —A—y=0.03
) —v—=0.05 ; —v— y=0.05
T o3l —e—»=0.07 T a0k —o— »=0.07
§ —<4—y=0.09 g - —<— y=0.09
S 27 g sl
& £
St 10}
0 1 1 1 1 1 1 0'5 1 ! ! 1 L L
300 400 500 600 700 800 300 400 500 600 700 800
Temperature / K Temperature / K
3.0 O] —a—y=0 04l ® _a yo
—e—3=0.01
25t —a—3=0.03
L 03 —v—y=0.05
¥ 20t “ —o—y=0.07
g N ol —4—y=0.09
?z 1.5
$
1.0 0.1
0-5 1 1 1 1 1 1 0
300 400 500 600 700 800

Temperature / K

300 400 500 600 700 800
Temperature / K

Kl 4 Cu, ,Ag,SnSes (y=0~0.09)F) HA i M i B il B 1 A2 4 it 2%
Fig. 4 Temperature dependence of thermoelectric properties of Cu,_,Ag,SnSe; (y=0-0.09)
(a) Electrical conductivity; (b) Seebeck coefficient; (c) Power factor; (d) Total thermal conductivity;
(e) Lattice thermal conductivity; (f) Thermoelectric figure of merit (Z7)
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