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Aims
This study analyzes and compares the thermoelectric properties of textile 

materials fabricated through techniques such as dip coating, screen printing, 
knife coating, and electrospinning, which induce structural modifications 
enabling the Seebeck effect. The output voltage generated by a temperature 
gradient is examined both under forced laboratory conditions and during 
actual wearing, where the gradient occurs naturally. The analysis focuses on 
identifying textile or flexible thermoelectric materials suited for future 
wearable sensing applications. Polymeric materials such as PEDOT:PSS are 
examined for their flexibility, often combined with carbon nanotubes (CNT) 
for added conductivity, while conventional materials like Bi₂Te₃ offer 
superior performance but greater rigidity, limiting their use to powder form in 
wearable applications.

Abstract
Smart textile materials are gaining attention for sensor systems, offering 

flexibility, lower cost, and better comfort than rigid conventional systems, 
making them suitable for biomechanical monitoring (joint angles, muscle 
activity, respiration, heart rate). Thermoelectric textiles exploit the Seebeck 
effect, where a temperature gradient generates an electrical voltage, and the 
Peltier effect, where an applied voltage produces heat transfer at material 
junctions. This paper compares the output voltage generated for a given 
temperature gradient across textile-based thermoelectric materials fabricated 
through techniques such as dip coating, screen printing, and electrospinning.

Methods and results
Twenty recent studies (2015–2026) on textile-based p-type/n-type 

thermoelectric materials were reviewed for body-integrated, non-invasive 
use, selected by title, keyword, and abstract screening. Seven representative 
material–technique combinations are highlighted in the Figure  1, chosen 
either for the recurrence of their material or fabrication approach across the 
reviewed studies, or for a particularly ingenious technique. PEDOT:PSS 
remains the most common p-type matrix, typically combined with CNT or 
n-type inorganics (Bi₂Te₃, doped ZnO, Ag₂Se). The comparison shows that: 
●  Inorganic materials give higher output voltages but are rigid, so they 

appear only as thin films on flexible substrates;

● PEDOT:PSS offers moderate performance with good flexibility and 
adhesion, used standalone or as a composite matrix;

● Substrate-free, stretchable configurations trade output voltage for 
flexibility, and device architecture can matter as much as material choice.

Conclusions
Choosing a thermoelectric material for wearables means trading electrical 

performance for flexibility: inorganic materials give higher voltages and 
Seebeck coefficients but need a flexible textile substrate, while polymers like 
PEDOT offer better flexibility with more modest performance. Screen 
printing, dip coating, and electrospinning enable uniform deposition with 
good mechanical durability under bending and washing, though long-term 
coating stability and manufacturing scalability remain key challenges for 
real-world wearable use.
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Figure 1.Thermoelectric materials, fabrication techniques, and voltage output per ΔT gradient 
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