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m
Selection of hiah performance thermoelectric materials -1
necessitates strikinq a balance between conflicting recmirements  ~
for the optimization of the various transpoti ~ro~erties J

3
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siide 7

Existence of Skutterudites

~ JPL Exploratory search identified skutterudite  family
Binary ~A~~ ! !*Wwlllpouilds

@ Nine semiconducting and two metallic compounds
n:.,
bo:!c! sdwens

z!!?, Y . .FQ!J!’ld  ~oii~’ ~Ql;J~!Qn~ ~yI~~ ~~*w~~a~ me~? %?-zY::, -= ..4-= . . . cqdr T++fivs ,/4:+i*- ------ f~
as in many other systems

--- -.. .-. j -.%%+ ::s, .a.~:~=~ ~> .fg~;~

i~ew phases are derived from binay compounds
@ =y vepiacing the Wmsitim metal m the pnicqen w MIT de,ments

* By mwerving the mmber d valence e!ectrms

e !’Wnerws related S@terudite phases exist

Wed skutterudites
@ Literature data show that fiHed skutterudites can be formed

@ By filling the two empty octants present in the 32 atoms unit cell
@ The number of valence electrons needs to remain constant to

conserve a serniconducting behavior
Novel Thermoelectric Materials



A% ~~enT-C)~Wtric  properties.$.
. See~eCk ~oeffick~~
,, Carrier mobility
A Lattice thermal conductivity
A Doping level

To obtain best compositions for maximum ZT

Alove\ Ther,~oe\ectric  Materials



Skutterudite Crystal Structure
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Binary Skutterudite Compounds

* JPL findings
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Binary Skutterudites: CoSb3
ectrical Resistivity3(IOK E
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slide 16

Binary Skutterudites: P-Type CoSb3
Electrical Resistivity VS, T
100 ~ f.
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Binary Skutterudites:  P-Type CoSb3
Hall Mobility vs. T
‘loo(x) -
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:,>;3  % ,,: “,,.ti  :

utterudites: N“Type CoSb3
Resistivity vs. T
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Binary Skutterudites: N=Type CoSb3
Seebeck Coefficient vs. T

n-type Cusb,

Novel Thermoelectric Materials

3

J



Binary Skutterudites: N-Type CoSb3
Hall Mobility vs. T
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Power factor values for n“ and p-type
CoSb3 at 300K
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Binary Skutterudites
Hal Mobility VS. T

10000 !i--

I v-

F’%J-OP conducfivify,  at various
I iI

cawier concertlmtionil

0.5

Novel  Therrnoeiectric  Materials

‘1.5 2 2.5 3 3.5



.

Summary on Binary Skutterudites

s Large n-type values (ZOO-600 :tiV. ‘K-’ J

.dwtivities we moderateThermal COn
~ BW too high for thermoelectric applications

Large family of isostructural  semiconductors
@ N-type skutterudites might result in higher T/E performance

‘~~$ NeeCj for reductions in lattice thermal conductivi~
Novel Thermoelectric Materials nun JJ Jam
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Ternary Compounds and Phases
Derived from Binary Skutterudites

slide 28

EIEIEI E5mimmmwtq
Novel Thermoelectric Materials



s

cm
S91m
al)
t--

1

1

I

.-

1

.-

- -

i

-(

c

[
I

-.

c
c0?
A

o
u
c
r
u

.-

L

b

;
P

I

“...

I

..-.

.,

i



Lattice thermal conductivity reduction
due to electron charge transfer in
ternary compounds: RuO.5Pd0.5Sb3

‘I(IC

j
------ lattice thermal conductivity iI

II1
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Skutterudite Solid Solut

Solid
sohltiom

Rh.sb?

I?e!?.m?.dm

FeSb2Te

RuSb2Te

ons

Partial Range of I Full Range of
Compositions ~ Compositions

I

,

I

CoAss, h5bS

CoSbq . RuSb2Te

FeSb2Te

*l@-ature results
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Results on Ternary Skutterudites,
Alloys and Filled Skutterudites

Ternarv  skutterudites  compoundsJ
$3

e.

.-..

-.

A Cannot  be explained from point defect scattering (compared to binaries)
~the~ ph~ncm s~~~ering  mechanisms at VW2rk

Such as va!e!?ce f!uctuahw, charge exchanges

Skzttertidite 2h~S

9 Both p-type  am! fi-type  can be obtained
@ Goal is to maximize mass and volume fluctuations

Filled skutterudites
~ Preliminary results indicate interesting thermoelectric properties

@ Metallic behavior, but low thermal conductivity and good Seebeck

Novel Thermoelectric Materiais
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Thermal Conductivity of Skutterudites
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Current Focus of JPL Programs

e Approach can be combined with alloys

/Vovel Thermoelectric Materials



>.
.=4-,.

. -,.

E
J-u-..

(1,)
. -,.‘Gp. .

a)

1-
Nu)

a)
■ -
%
a)
Q0
ii
c.-
(0

.=
c

Q
t/J
m
+.’

r-●  W

,tJj

EtJ
co
CD
u)

c
0
n-

(R)
al
w.-
“(3 0

0
■ -

h
0

.I.G!

.,...,

Sk
Q.
m

0
0

0
cm)

LLJ


