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Figure s1: Flowchart of process steps in bottom-up physical synthesis process for ZnSb nanomaterial showing its cost and energy effectiveness. 
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 Figure s2: Field effect scanning electron microscopy with energy dispersive spectroscopy (FESEM-EDS) of the spark plasma sintered pellet of ZnSb, (a-c) as seen from the direction of pressing and (d-f) as seen from perpendicular to the pressing direction. FESEM images show good solid densification. Quantitative analysis of EDS spectra (c) and (b) show that estimated ratios of Zn and Sb are within 7% of planned 1:1 molar ratio.
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Figure s3: Some low-resolution HR-TEM images of ZnSb grains. It seems that such small sizes of crystallites observed in HR-TEM have not been able make significant diffraction contribution to broaden the PXRD patterns and average crystallite sizes calculated by Scherrer equation are significantly higher (85 nm).
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Figure s4: (a) Seebeck coefficient, (b) electrical conductivity and (c) Power-factor values of ZnSb nanomaterial by bottom-up physical process repeated in the direction of pressing by producing second batch of the composition.












[image: ]
Figure s5: (a) Thermal diffusivity of ZnSb nanomaterial mostly remains below 1 mm2/s and (b) specific heat (about 58 J/mole-K) is somewhat higher than reported value of about 52 J/mole-K in ZnSb nanomaterial after SPS consolidation. 
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Stoichiometric mixing
Zn and Sb filled in cleaned and vacuum dried quartz ampoule in 1:1 molar ratio

Evacuation of ingredients
Quartz ampoule mounted on diffusion pump, purged with argon 5-6 times and sealed in vacuum
condition using Oxygen-LPG mixed flame
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Melting of ingredients
Evacuated quartz ampoule placed in rocking tube furnace and it is set at 923 K temperature, just above

higher of ingredient melting point
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Rocking of solid-solution of ingredients
Ampoule is rocked at 923 K to make solid-solution of Zn and Sb homogenous
Spontaneous reaction of ingredients

Thoroughly homogenous solid-solution in ampoule is quenched in ambient air at 300 K by withdrawing

from furnace working at 923 K
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Spark Plasma Consolidation of ZnSb nanomaterial
Nanocrystalline features have been retained even after >97% densification in this fast and direct
sintering process at 100 MPa pressure and sintering 623 K temperature

Confirmation of ZnSb nanomaterial
Single phase of ZnSb and nanomaterial formation confirmed by PXRD, SEM/EDS and HR-TEM/SAED





image2.png




image3.jpeg




image4.png




image5.jpeg




image5.png




image6.jpeg




image7.jpeg




image8.jpeg




image9.jpeg




image10.jpeg




image11.jpeg




image12.jpeg
<

550

500

450

400

350

3604 (a)

)
I
©

(M/AM) JuaIo1y09 Yo2q9ss

350
330

o o © ¥ N 9 ® ©
® © ® ® ©®© © ~ ~

(woayg) Ayaonpuo |eayoal3

.
C)

<

=

Aux.E.>>Ev Jojoe4-1amod

300

Temp (K)




image13.jpeg
1.14

1.0

0.9+

0.8+

0.7

Thermal Diffusivity (mm2/s)

0.6

-.— 1 to pressing direction

—Jl- || to pressing direction

0.324

0.314

Cp (JIg.K)

0.30

(b)

T T T

300

350 400 450

Temperature (K)

500

550




