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Properties - Performances
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Figure of Merit - zT
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p — Electrical Resistivity
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K - Thermal Conductivity
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n — carrier concentration
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m’ - effective mass of carrier
M = carrier mobility
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Stopping/Scattering Phonons
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Complex Structures
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Synthetic tetranedrites evidence high 21 values: =

_ 1.5
5 l:—‘!:::"':“:":s: 2.0

Cu12Sb4S13

1-43m
ax=10.3A

‘T Cu 12e

S 24g
®|Cu 12d

S 2a

« 0.56 at 673 K for Cu,Sb,S5 [1]

+ 0.7 at 673 K for Cu,q5Zn, 5Sb,S 5 !
* 0.7 at 665 K for Cu,osNi, ;Sb,S,; [

-Large number of elements
-Anharmonic Rattling
-Mass fluctuations

Cu,Sb,S,; : A complex structure with low K
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[1]1 X.Lu et al.,Adv. Energy Mater. 3 (2013) 342-348.[2] K. Suekuni et al., ). Appl. Phys. | 13 (2013) 043712.
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Outline

P-type P-type
N-type Cu,Sn,;S,, colusite Cu,,V,Sn;S;, tetrahedrite Cu,Sb,S;



s 6o O [1]
S 18h Rhombohedral symmetry
s 16 +—{ CRRYAAGRY o Space group R-3m (n°166)
sect sl a=7.372 A and c = 36.010 A

Sn 3g

* Defect variant of the AB,X, spinel structure
Tetrahedral sites — 2 non equivalent sites
Octahedral sites — 3 non equivalent sites

Sn 18h

Cu 6c
(z= 0295)

Cu6bc.

(z=0.188)

(Cug7500.25) (SN, 75CUg 55)S,

Cu 3a
c

. (B

[1] Khanafer, M.; Rivet, J.; Flahaut, J. Bulletin de la Société Chimique de France, 1974, 12,2670-2676.



Cu,Sn,S,,

. ] a=7373(1)A

* Powder Synthesis ; c=36.026(1)A 7
. 5 : ¥?=6.29 E

-Sealed tube Synthesis (ST) 1 Rt g

- Mechanical Alloying (MA) ST TN
i:_,l*__‘__l_” NI ”_1___“' T T T O T O T g T _}

+ SPS Sintering (600-700°C/50 MPa) N
g - a=7.3741)A ]

g c=36.028(1)A 7

- l 1= 6.66 ]

- § Raragg = 3.94 ]

B ‘ Ri=7.24 ]
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- ST_SPS 700°C ) .

-Cell parameters (ST) < (MA) VIO
(wide non-stochiometry range) ! geas
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—Composition inhomogeneity e )
2 Theta (°)
— Structural defects
C. Bourges, et al.,Acta Mater. (2015)
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-Anisotropic cristallites
-Grain Boundaries: Twinning, Intergrowths
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| Mechanical alloying
| a) 700°C and b) 600°C
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Colusite :Cu,,V,Sn.S;,

Cubic symmetry

Space group P-4 3 n (n°218)
a= 107 A

66 atoms per unit cell

e Suekuni et al. APL 2014
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Colusite :Cu,,V,Sn.S;,
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Suekuni et al. JAP 2014
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Mechanical Alloying

-

Homogeneity & reproducibility
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C. Bourgés et al., J. Mater. Chem. C (2016)




Bulk Cu,, .Zn V,Sn.S;,

[001]* . OIS o - T

C. Bourgés et al., J. Mater. Chem. C (2016)
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Bulk Cu,, .Zn V,Sn.S;,

Cu, ZnVSnS 6 _

6 32
—m—x=0

)|
<
<
4
<
4

>
T
T

r >

P>

ab>

300 | 400 | 500 | 600 700
. Temperature (K)

. Controlled stoichiometry
SllEE I - 11F - g Large kappa (metallic behavior)
C. Bourgeés et al,, |. Mater. Chem. C (2016) CU22+C u42+V25+Sn64+S322'



Bulk Cu,, .Zn V,Sn.S;,

C u 26-xznxv2s n 6832
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C. Bourgés et al., J. Mater. Chem. C (2016)



French MA Powder densified in Japan & France

-

- AIST (Tsukuba): HP 750°C E . . .

" 2-10.8279 A HP Rf= 8.3 ; ng.h cristallinity &

- Rbragg=4,82 7 purity.

W@ 1 But XRD data and

g | 1 1 EDS analyses suggest
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- [ | [ O O N RN e e tre 1 e g e
e -Sulfur deficiency

CRISMAT (Caen): SPS 600°C J -Cu excess

% d= 1().7r7:155{2& S;IFJhE; F‘f =:'7 (IZ %

Rbragg = 3,82

g 1 \‘ | 1 High resolution neutron

_ diffraction is required.
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Transport Properties
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p (MQ.cm)
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-Sulfur deficiency =» Electron doping in Japanese HP sample.
-Cationic occupancy



Transport Properties
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French colusite is well ordered!!!!
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Japanese colusite is disordered
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Point defects

=» Cu/Sn mixed occupancy
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Transport Properties
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Mechanical Alloying of Cu,, ,Ni, ,Sb,S;
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T. Barbier et al. |].Am. Ceram. Soc (2016)
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Mechanical Alloying of Cu,, ,Ni, ;Sb,S; £ 2
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Up-scaled SPS Process
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Up-scaled SPS Process |r1mc)vteg
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Up-scaled SPS Process £ 2
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Ternary/Quaternary Sulfides

-

-N-type metallic Cu,Sn,S,
(£T7=0.2, Acta Mater. 2015)

-Metallic Cu,V,Sn.S;, colusite
(£T7=0.4, ). Mater. Chem.C 2016)
(£T7=0.9, soon submitted)

-Metallic Cu,,Sb,S,; tetrahedrite
(£T7=0.8,]).All. Comp. 2015, RSC Adv. 2016, JACerS 2016)

H‘;O%’.(a.o' e X
-Semicond. CugFe;Sn,S , Stannoidite ¥, ﬂ,‘.@& bq 1
(ZT=0.4, soon submitted) j @Qxﬁ{@ e
=04 0 - (B
-Semicond. CusFeS,_ Se bornite | .QC@@Q.. %

(ZT=0.6, Dalton Trans. 2017) %
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