
Electrical and Structural Characterization of Graphene-Polypyrrole 

Composite Thin Films for Flexible Wearable Electrodes
Alexandru Oprea 1, 2 *, Gavril-Ionel Giurgi1, Alin-Alexandru Andrei1, 3, Izabell Craciunescu1 , Cristian Sevcencu1,3

1 National Institute for Research and Development of Isotopic and Molecular Technologies Cluj-Napoca, Romania;
2 Doctoral School of Physics, Faculty of Physics, Babes-Bolyai University, 400084 Cluj-Napoca, Romania;

3 Doctoral School in Integrative Biology, Faculty of Biology and Geology, Babes-Bolyai University, 400084 Cluj-Napoca, Romania;

*alexandru.oprea@itim-cj.ro

https://sciforum.net/event/IOCC2026

RESULTS & DISCUSSION

INTRODUCTION & AIM 

CONCLUSIONS 

FUTURE WORK

PPy-TSA

PPy-TSA-PEG-GF

PPy-TSA-PEG 

PROBLEM OBJECTIVE

Poor signal stability
under mechanical  
deformation

Mechanical fragility
cracking and loss of 
structural integrity

Property trade-off
high conductivity but 
limited mechanical 
stability

Stable acquisition
signal integrity maintained 
during deformation

Mechanical Robustness
withstand mechanical strain 
while maintaining integrity

Reliable  performance
enabling long-term, gel-free 
flexible ECG electrodes

Polypyrrole (PPy) is a promising conductive polymer for wearable bioelectronics due 
to its electrical conductivity and flexibility; however, its mechanical stability under 
deformation remains a challenge.

The aim is to develop composites suitable for flexible, gel-free wearable ECG 
electrodes with balanced conductivity and mechanical robustness.

This work investigates PEG modification and graphene incorporation into PPy–TSA 
thin films to tailor their electrical and mechanical properties.
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Electrical conductivity
PPy-TSA shows the highest conductivity (~208 

S/cm). PEG reduces conductivity (~38 S/cm) due to 
network dilution, while graphene slightly increases 

it (~43 S/cm), indicating partial restoration of 
charge transport pathways.

Mechanical stability
All samples are stable between 25-

85 °C. PPy-TSA shows a slight 
thermally activated increase, while 

composites remain largely 
unchanged.

Temperature stability
Graphene increases stiffness 

(higher Young’s modulus), while 
PEG improves flexibility (lower 

modulus).

➢ Optimize graphene loading for enhanced conductivity
➢ Evaluate fatigue resistance under repeated bending
➢ Develop wearable ECG electrode prototypes
➢ Assess long-term physiological stability
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Sample name
Electrical 

Conductivity 
(S·cm−1) at 25 °C

PPY-TSA 208 ± 16
PPY-TSA-PEG-GF 43 ± 4

PPY-TSA-PEG 38 ± 3
PPy-TSA-GF 62 ± 3

PPy-TSA-PEG-GF

✓ PEG enhances flexibility, while graphene improves 
mechanical stability and partially preserves 
conductivity.

✓  PPy–TSA–PEG–GR offers the best balance of 
conductivity, flexibility, and robustness. 

✓ The hybrid composite is a promising material for 
flexible, gel-free wearable ECG electrodes capable 
of real-time signal monitoring.
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