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Introduction Processing Properties

Obijectives Systems Investigated

*Investigate ternary *Ternary systems studied with combination

skutterudite systems of solidification and powder processing
*Focus on finding a p-type techniques

skutterudite with improved ZT *Ni,BisGe,
*Study behavior of the *Shown below, skutterudite phase was

skutterudite Co,Ni, ,Sby, . Sn, not obtained

*Ni,Sb,Ge,
Skutterudite phase not obtained

Ternary SKD Systems
AB,Xy,

AB, XX,
A={La,Ce,Nb,Yb,Ca,...}
B={Fe,Co,Ni,Rh,Ir,...}
X={P,As,Sb,Bi}
X'={Ge,Sn}

Bauer et. al Acta Phys. Polon. B 34 (2003).
Co,Ni,,Sb,, ., Sn, Ternary Skutterudites




Introduction Processing

Properties

Obijectives Systems Investigated

*Investigate ternary *Ternary systems studied with combination
skutterudite systems of solidification and powder processing

*Focus on finding a p _
skutterudite with im Co,Ni,,Sb,,.,Sn,
*Study behavior of thl *Grytsiv et. al has reported a

skutterudite Co,Ni,_, Ni,SbgSn, skutterudite system
* Interested in obtaining p-type

behavior
e Parameters of study:
Ternary SKD Svyj *x={0,0.5,1,1.5,2}
AB,X,, °v|={4,5} »
AB4X8X'4 Samp es Ccreate roma

A={La,Ce,Nb,Yb,C{ melt/mill/hot press procedure

B={Fe,Co,Ni, Rh;lr Grytsiv et. al J. Phys.: Condens. Matter 14 (2002).
X={P,As,Sb,Bi} -
X'={Ge,Sn} L &

Bauer et. al Acta Phys. Polon. B 34 (2003).
Co,Ni, ,Sb,, . Sn, Ternary Skutterudites

terudite phase was

2 not obtained




Introduction Processing Properties

ICP analysis of an ingot EDS map of an ingot
2 Hr @ 1100°C (+20,-10°C /min)
*Silica crucible in He atmosphere
*<1% wt loss

NiSb (1147°C) Sh
NiSb, (630°C)
SbSn (425°C)

X X X
ok [ s Lo
Co 9.4 9.1 7.3 9.0
Ni 15.6 149 13.7 146
Sb  43.7 424 4377 441
Sn . 33.5 353 322

0 2e-4 Te-4 Te4

le-4 2e-4 2e-4

3e-3 4e-3 4e-3
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Milling Details Ni,Sb.Sn, Milling
*Ingots crushed by hand
*Planetary mill { [ Sterudte
*550 rpm 1 5o
*Ball to powder weight |
ratio 3.8

* Ar atmosphere
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Co,Ni,Sb,Sn. Milling Ni,Sb.Sn, Milling
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Introduction Processing Properties

SEM/EPMA on Hot Pressed Rietveld on Hot Pressed

25000 | - Measured |

Nominal Composition Ni,SbgSn, o000 — Saculated
] Ni,Sb,Sn, 95.7 wt%
15000 - NiSb 3.1 wt%

SbSn (242°C) _ {1 SbSn 1.2 wt%

10000

5000 &, g

(18 RN Eminass tpasre o oot “iecimscoseas st
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20 (Degrees)

Parameter Value

GOF 1.78

Lattice (A) 9.115

Y 0.158

VA 0.336

SNg3NigoSPg4SNas  Nish (1147°C) 2a Occ. (Sn) 0.27

Sb/(Sb+Sn)=0.65 24g Occ. (Sb+Sn) 0.99

Co,Ni, ,Sb,, . Sn, Ternary Skutterudites
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Rietveld on Hot Pressed

25000 1

o Measured
; —— Calculated

20000 - — Difference
] Ni,Sb,Sn, 90.2 wt%
15000 - NiSb 6.5 wt%
Ni,Sn, 1.9 wt%
SbSn 1.3 wt%

10000 -

5000 4

. . * AU
| P % e o Lol ke b
| | | biiid [ | |
e | O A (TR A R (T A
. . | ; I|| : 'II . 'I . ||I 'II 1
10 20 30 40 5 60 70 80
20 (Degrees)

GOF 1.67 1.78

Lattice (A) 9.130 9.115

Y 0.159 0.158

YA 0.336 0.336

2a Occ. (Sn) 0.39 0.27

24g Occ. (Sb+Sn) 0.95 0.99

Properties

SEM/EPMA on Hot Pressed

Nominal Composition Ni,Sb,Sn.
NiSb (1147°C)

SNg.aNig 0Sb;45N, Ni;Sn, (230°C)
Sb/(Sb+5n)=0.59

SnSb (242°C)

Co,Ni,,Sb,, ., Sn, Ternary Skutterudites
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Rietveld on HesDeaccas coaalconasan Hot Pressed
25000 Pnictogen Atomic Position
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> * This Work

9.
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Z 0.] N. Mandel et al. Acta Cryst. (1971)
0
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Ni,Sn, (230°C)

2a Occ. (Sn) A. Kjekshus et al. Acta Chem. Scand. (1974)
24g Occ. (Sb+Sn) C B (242°C)
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Intreduction

Pressed Co,Ni,Sb,Sn.

200°C Anneal 72 Hrs

Properties

400°C Anneal 72 Hrs

Density 7.64 g/cm?3

" onase | we

Co,Ni,Sb,Sn.  82.6
Ni;Sn, 8.7
Sn 6.2

Sng5Co, 4Niy ¢Sbg ,SN; 5

Density 7.25 g/cm3

" onase | we

Co,Ni,Sb,Sn,  80.0
NisSn, 11.9
Sn 7.6

Ni,Sn, (230°C)

-v 5 PR,

SNy 5Co, 4Niy ¢Sbg ;Sn; 5

Co,Ni,,Sb,, ., Sn, Ternary Skutterudites

Density 6.75 g/cm?3

" onase | woe

Co,Ni,Sb.,Sn.  73.6
Ni Sn, 14.7
Sn 10.0

Porosity ~ NiySn,(230°C)

Sng 5Co, 4Niy ¢Sbg ,SN; 5
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Sn0.5007244Ni1.GSb9.7sn5.7 COX N i4_XS b 7S n 5
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Mobility and Carrier Comparison S.P.B. Modeling

10000 * Applied a single parabolic band model
] oo o% to the system
pc':gb:'ﬁggzilrsm * Carrier mass (m/me)
> *N-Type: 5.48
*P-Type: 1.48
* Optimal carrier density
nCoSb, 4 &% *N-Type: 2.1E19 cm™3

nvo,Coss, o Fp CoNiShn *P-Type: 2.7E19 cm
n CoNiSbSn*t *

* o ——N-Type Ni,Sb_Sn,
—— P-Type Co_Ni_Sb_Sn

22 14 5
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** This Work

Yb,CoSb,: L. Fu et al. Intermetallics (2013)
Ce CoSb,: D. Morelli et al. Phys. Rev. B (1997) © Bl e
Rest: J.-P. Fleurial et al. Proc. XVI ICT (1997) wAlGEmer Chnsll (e )
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Conclusion

*The Co,Ni, ,Sb,, Sn, skutterudite can be
synthesized from a melt/mill/hot press
schedule

*Both n- and p-type conduction can be
achieved by Co doping

* System exhibits low thermal conductivity,
but also low Seebeck coefficient

* Thermoelectric performance of the system
is hindered by large carrier densities and
low carrier mobilities
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