Synthesis and Thermoelectric Properties of Type I Ba-Al-Cu-Si Clathrates
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Thermoelectric (TE) Effect and Material Issues Powder metallurgy synthesis of clathrates Seebeck measurements of BaAlCuSi clathrates

« TE materials convert waste heat to electricity * Polycrystalline clathrate samples were synthesized from
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Clathrates as potential TE materials

* (age structure with guest atoms
surrounded by host atoms
* Type I clathrate unit cell: GgH,,

e (Guests: Ba, Na, K Hosts: Si, Ge, Sn
* Low k, high o and high S

» 7T =1.35 for BagGa, Ge,,!
» 7T = 0.4 for BagAl,.Si;,*

e S=-21.6 uW/K
* Expected to be p-type but measurements suggest n-type
* Possible deviation from target Al:Cu ratio or different valancy of Cu

resulted in >98 weight % phase pure samples
* (alculated X-ray pattern for BagAl;Cu;Si;c agrees with
experimental data
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Thermal conductivity of BaAlCuSi clathrates

* Netzsch LFA457 was used to measure thermal diffusivity
* Kk is the product of thermal diffusivity, specific heat, and density
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homogeneous distribution of Ba, Al, Si, Cu

. _ _ Accomplishments
* Minor secondary phases evident (d-Si, BaAl,0O,)
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* Large-scale synthesis of phase pure type I BaAlCuSi clathrate

BagSi, Ba (2) Si (4) 81Ba atoms donate 16 excess 16 electrons o Doped BaAlSi clathrates with Cu for the first time
electrons . - .
BacAlSiv, Ba (2) AL3)Si(4) |8 Ba- donate 16 clectrons . * BaAlCuSi clathrates showed promising TE performance
16 Al - 16 deficient electrons
BagAlg Cu;Sise Ba(2) Al(3) Cu(1) Si(4) | 8 Ba - donate 16 electrons 1 excess hole . .
8 Al - 8 deficient electrons BagAlyCu,Si,: Futul‘e dll‘ECthIlS
3 Cu- 9 deficient electrons

* Investigating different ratios of Al and Cu for efficient TE
performance

Al

* Exploring Zn as a host element

Backscattered electron images of polished polycrystalline
pellets of BagAl,Si;, (left) and BagAlgCu,Si;c (right)
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Develop synthesis technique for phase pure BagAl, Si;, and

Perform TE characterizations on clathrate pellets

Composition

Ba At %
(theoretical)

Al At %
(theoretical)

Si At %
(theoretical)

Cu At %
(theoretical)

g/cm3

BagAl,Cu,Si; - clathrates BagAl, S, 16.5 (14.8) 26.75(29.6) | 56.75 (55.5) 3.20 (97%) /, . I
* Identify parameters for hot pressing dense pellets Ba,Al,Cu,Si, 15.31 (14.8) 14.84 (14.8) | 6547 (64.8) | 4.36(5.55) 3.45 (96%) ’i‘;e”‘“""E"g'"“””gce”‘”
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