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Motivation

Radioisotope hermoeelectric Generators (RIGs) have ofiered
rieliable, long-livedl electricall pewer oni many. Impostant NASA
deep) Space missions.

Past RTGs used Pbile/TAGS and SiGe.

Skutterudite; based unicouples have; beemn under development
at JPIC since 1997.

s Materials to date arelimited te 975 K hot junction
OpEeration

= p-Ce;FesRu;Sby,; n-CoSh3

Drive te Improve thermogelectric efficiency andi SpeCfic power:
of RIIG’S up to a hot-junction temperature of 1275 K.



Nas Current Materials

JPL has developed skutterudite
thermogelectric uniceuples utilizing| p-
Ce, Fe,Ru;Sh,, and n-CoSb, which are
capable ol operating up o a~ 975 K
Not-junction temperature.

Skutterudite Crystal Structure

Substitute, Ru and Ir for Fe inian effort
to develop more refractory. skutterudite
: compoundsiand push het=junction

- temperature tor 1275 K

pei e Melting Point (K)
- unicouple 1808

I

New Composition;: Ce Ru,_ Ir,Sb;,




as Ce Ru,, Ir,Sby, SYRthesis

The Ce filling fractiom was selected and calculated according to
the Ce filling firaction' phase diagram establishedifor Ce Fe,.
0, Sby, compositions.

s CepgsRUS 511G 550150
= CegoRUZ 51ng 75515 ¢
= Cep Rz oIry 1SB55

Ce leces, Sbishots, Ru and Ir powders comblned in BN erucible

placed In quartz ampoule.  Evacuated tor 107 Torr and
sealed

IHeated to 1475 K for at least 12 hours, water quenched,
annealed at 1275 K for 48 hours.

Milled under Ar'for 10 minutes and powder pressed! in graphite
die at 975 K fior 90 minutes.



@aa Ce Ru,., Ir,Sby, - Composition

Composition and Geometric Density, d, of
p-type Skutterudite Materials

Samples’ geemetric

d (g/cm’ o
Ceg.g5RU3 5Ih I5DS|3120(NSKPZl) (3./41 ) densities are 95-98%
Ce0..9RU3.2.51ro..755b1.z.o (NSKP29) 8.46 off the anCUIated

o 1c theoretical values

JEOL JXA-733
MiCreprobe analysis revealed | Superprobe

that the samplesiwere =97%
Phase; pure.

Impurities were primarily
RUSD, and CeSb;




v Differential Thermal Analysis

Ce,Ru,,Ir,Sb,,
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No decompositioni wasi observed for Ce Ru,., I, Sby, up to 1275 K.

Decomposition onset temperature for p-type Ce fFe;Ru;Sb;, wasi~ 1040 K.



Nasa. Sublimation

Sublimation; is petentially: one of the main degradation mechanisms of
thermogelectric Unicouples for power' deneration, therefore allow,
sublimation rate;Is desirable; for thermoelectric materials:

Beginning of lifie; sublimation: rates are decreased by’ an| order of
magnitude withi Ce Ru,., Ir, Sby, compared to low-temperature p-type
Ce,Fe;Ru;Sh.

Withr aniadeduate insulating material (e.g) aeregel), the sublimation| rate
could be decreased to aniacceptable level (~107 g/cm?/hr) for long-term
OpPEration.

Sublimation: rates (g/cm?z/hr) for p-type skutteriidite: materials
at severall temperatures.

Cep.g5RU; sIry sSby, 545x10% | 1.52x103 | 8.00x 103

CegoRUs5:Ifg sSb;, | 3.09x10% | 1.64x103 | 9.27 x 103
Ceg oRU; Ir; oSby, 1.83x10%  9.13x10%  8.08 x 103




vasa - Thermal Transport Properties

Roem temperature; measurements shew: that
electrical resistivity: increases with increasing Lr
concentration, While the Seebeck Coefficient and
thermall conductivity: bethr decrease

Thermal transport properties off Ce Ru,,_, I, Sb, materials at 300 K. (S,
Seebeck coefficient; p, electrical re5|st|V|ty, K, thermal conductivity)

Sample
ID (uV/ K) (chm) (mW/ch)
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Thermal CondUuctivity:
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NSKP 23
NSKP 29
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Nass Summary. oft Results

The best Z1F valuewasi obtained; for the Ce, oRU5 =1y 75015 o
composition with: ai value ef*~ 0.7 at 1275 K

The thermal conductivity fior'the Ce Rul,_ I SB,, Compositions
are inherently: low up ter 1275 K

FUrther improvements in ZIf valuesican likely:be achieved by,
further increasing thie; Seebeck coefficient at: high-temperatures.

s I'he Ce filling firaction needs) te; be further established fer the
Ce, Ru,, I Sby, system toiallow: for the: preparation of single=
phase samples as the; I concentration s increased.



Conclusions

e RU,. I Sy st tnermally: stablertup to
12%5 K, 2 IMProvEMENt OVer Previous p-
Lype skutterudite material (Ce FesRuShL5):

May: be suitable for 1ong term: operation in
an advanced RTG envirenment when
segmented withHlow: temperature p-type
materialiand anrappropriate;nsulating
materiali(e.g. aerogel)
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