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Thermoelectric system

Thermoelectric
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¢ Seebeck Voltage -
TThermopower

— Charge carriers
move faster

— Net diffusion to

: cold side
The(r:mo;glectrlc — Produces, VVoltage
goliriy —V/ = o AT

— Propoxrtionalito
llemperacure Graad:

— BOWENR proporticnal
torHeathEIuX




Thermoelectric Materials and Sublimation

& Near Room lfemperature
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¢ Above Room Temperature ]
—Pbile, TAGS, CoSb;
semiconducting aIons Photograph showing the decomposition of a
(skutterudites) CoSb, sample annealed at 875K for 3 months
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Comparison ofi sublimation rates at the beginning
of life in vacuum

Beaginning of lifie
sublimation rate
at OpErating
tEMmpEratlie

TAGS) at 500/ °C ~ 1 g/cm2-hr

~ 9.4 x 102

PbTe at 500 °C o/ hr

~ 2,15 x 1072

n-SKD at 700 °C o/ cm2hr

~ D% 1053

p-SKD) at 700)°C o2 hr

~ 4.8 % 107

SiGe at 1000 °C o/ hr




Depletion layers of p-SKD (skutterudite) discs
after 700 °C heating (disc diameter : 6 mm, thickness : 2 mm)
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Ave. sublimation rate : ~ 1.7x10-3 g/cm?2hr
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Depletion layer after 10 hr Depletion layer after 24
sublimation at 700 °C sublimation at 700 °C

'i J ate : ~1.45x10 g/cINR S\A



Thermal stability ofi aerogels (TGA results)

Silica aerogel with alumina powder Opacified silica aerogel with graphite

—— Empty alumina crucible (baseline)
—— Silica aerogel with alumina powder

—— Empty alumina crucible (baseline)
Opacified silica aerogel (with graphite)
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¢ TJotal weight lessi & ~ 3.5 wWit% o Jotal weight lessi & ~ 4. 22 wit%
((-2.85 mg / 81.4 mg) ((-3.8mg / 92.6:mag)
¢ Mosti off weight: less befiore 7001 °C ¢ Mosti off weight: less befiore 7001 °C
ISOEhErm ISOLhErm

o \Weight'less rate at 700reC isetherms 4 ¢ Weight less rate at 700r°C isetherm)
~6, 11x10-1% g/sec (pressure :~2x10r ~ 2. 11%x10 g/sec| (pressure; : ~2%10:°
SN (may. belin the order ofi meastrement 1e)rn)

Error) (Imay/ berin: ther order off measureEment error)

e, NAS
After TGA (700°C) -t I+

As made After TGA (700 °C) = As made



Thermal stability of aerogels (shrinkage test)
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Thermal stability ofi aerogels (life time)
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FTIR spectra of aerogels

Pure SiO, aerogel 20 wt% Al,O, added SiO, aerogel
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Nn-SKD cube for the sublimation test
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n-skd cube before aerogel encapsulation




TGA results of sublimation test

TG of n-SKD cube (Ti at the bottom)

encapsulated

encapsulated
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Sublimation suppression

Sulslimeation raté at

Suplimation raté at

Sulimation raté at

350)0) 96 §0)0) 2€ 7.0)0) 9@
n-SKD cube 5.3x10+4 5.16x10-2 2.15%x102
g/cm?-hr g/cm?-hr g/cm?-hr
n-SKD cube encapsulated _ _ 2.98x10°
with aerogel (50 mg/cm?) g/cm?-hr
n-SKD cube encapsulated _ _ 9.3%x1.0*
withi aerogel (100 mg/cm?>) g/cm?2-lr

» No sublimation wasi detected
Withraeregel encapsulation) at
the temperature below: 600 °C

¢ hevalueroff stblimation rate
Was decreased by~ 708 % With
the use off dense aeredel (frem
50 maycme tor 100 mag/cm).




Skutterudite legs coated with titania opacified aerogel tested
In gradient (700 °C hot side and 25 °C cold side)

¢ Tested in gradient for several days, and no depletion layer
detected.




Post analysis of aerogel encapsulated n-type
skutterudite

Hot side cross-sections don't indicate significant condensation

This is where depletion would be
expected, but there is no apparent
depletion.




EDS results (machined aerogel (150mg/cc SiO, and < 4 mg/cc
T10,) after 5 day in-gradient test (n-type))

¢ Area represented as red color shows
antimony: trace.

¢ Ihe antimony amount is ~ 0.2 at %

¢ Penetration depth is very shallow
(< 1 mm after 5 day in-gradient
testing )

» Top and oeutside skin off aeregel is
pelieved ter snew: antimoeny: trace
frem laterall antimoeny: sublimation:

Element Weight%o Atomic%o
€ 5. 02 7..86
SI 577 25,5l
T 0.42 0),1L€

©) Ser74 66.67




Summary and Future work

Summary

v Accurate sublimation rate measurement with the use of TGA
system

v Promising result of sublimation suppression with aerogels

v Excellent thermal stability of aerogels

Future work

s Optimization ol acregel

— Eurther myvestigation o the stability, ofif aeregels and
transport mechanism off sublimed species threugh
aeroegels

— Developing eptimized epaciiied acregel with trcania
= Liifie time test
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