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Elemental and structural analysis
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Element Energy (keV) Atom. (%) Error
Bi M 2.419 88.73 0.38
Sb L 3.603 11.27 0.42
Total 100

EDX spectra:

✓ No contamination.

✓ Expected composition (11% Sb).

XRD patterns:

✓ Single-phase polycrystalline Bi-Sb alloy for all samples.

✓ Dominant reflections from (110) planes after annealing.

✓ Enhanced (012) peak for the annealed 200 nm sample.
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As-prepared

30 35 40 45 50 55 60 65

 N
o

rm
a

li
z
e

d
 I

n
te

n
s
it
y
 (

a
. 
u

.)

 

 

2 ()

   50 nm

   80 nm

 200 nm

0
1
2

1
0
4

1
1
0

2
0
2

0
2
4

1
1
6

1
2
2

Annealed at 285C

Conclusions
➢ Demonstrated simplified process for fabricating temperature-resistant

cross-porous track-etched PI membranes.

➢ Seebeck coefficients close to those of bulk alloys for annealed Bi-Sb CNWs.

➢ Large magneto-Seebeck effect for Bi0.89Sb0.11 CNWs annealed at T = 285°C.
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Interconnected networks of Bi0.89Sb0.11 crossed nanowires (CNWs) with controlled diameters were fabricated by electrodeposition in track-etched polyimide

(PI) membranes. The high thermal stability of the membranes enabled annealing close to the alloy’s melting point, leading to a significant enhancement in

thermoelectric performance. For the 200 nm CNWs annealed at 285°C, the nanocomposite films exhibited bulk-like thermoelectric performance near and

below room temperature, together with a pronounced magneto-Seebeck effect.

Samples preparation and measuring setup

1 m

SEM image of 200 nm diameter CNWs,
replicating the PI porous structure

Bi0.89Sb0.11 crossed nanowires (CNWs):

✓ PI membranes fabricated via a single irradiation step followed by track-etching.

▪ PI membranes with pores diameter of 50 nm, 80 nm and 200 nm.

✓ Pulsed chronoamperometric growth of Bi-Sb in Cu-coated PI membranes.

✓ Localized electrochemical etching of the PI Cu coating.

✓ Controlled annealing process at 285C for 1 min.

Resistance measurements 

and Hall effect setup
Thermopower setup

5 mm

Flexible thermoelectric
nanocomposites

Electrical and thermoelectric characterization

Thermopower evaluation:

✓ Reducing the Bi-Sb nanowire diameter, decreases the Seebeck coefficient and modifies the

electronic mobility and band structure.

✓ The 200 nm sample annealed at 285°C presents the best near room-temperature performance,

exhibiting a Seebeck coefficient and magneto-Seebeck effect comparable to the bulk alloy.

Electrical measurements:

✓ Low-field magnetoresistance measurements reveal that the A coefficient, which is proportional

to the electron mobility, decreases for smaller nanowire diameters due to enhanced surface

and grain-boundary scattering.

✓ R(T) measurements confirm that annealed CNWs exhibit narrow-gap semiconductor behavior.
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