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Electrical an Structural Charcterization of Graphene-Polypyrrole
Composite Thin Films for Flexible Wearable Electrodes
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INTRODUCTION & AIM METHODs

The aim is to develop composites suitable for flexible, gel-free wearable ECG PREPARATION

electrodes with balanced conductivity and mechanical robustness.

ELECTROCHEMICAL SYNTHESIS OF POLYPYRROLE (PPy) THIN FILMS
TSA as dopant | Graphene as filler | Hybrid: Graphene + PEG

Polypyrrole (PPy) is a promising conductive polymer for wearable bioelectronics due

to its electrical conductivity and flexibility; however, its mechanical stability under P el R I —
d eform ati On rem ain S 3 Ch allen ge Pyrrole (Py) p-Toluenesulfonic acid Graphene (Gr) PEG (Mn ~ 2k) » ? ?
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i A) PPy-TSA (neat) B) PPy-TSA / Graphene C) PPy-TSA / Graphene-PEG (hybrid)
Poor Signal Sta bi lity Sta b le acq u iSition Pyrrole + TSA Pyrrole + TSA + Graphene Pyrrole + TSA + Graphene + PEG
under mechanical signal integrity maintained l l l
deformation during deformation - -

PPy-TSA film PPy-TSA/Gr film PPy-TSA/Gr-PEG film

METHOD: PPy thin films are electrochemically synthesized on stainless steel (Inox) working electrodes GOAL: Obtain conductive and mechanically robust
from aqueous solutions containing pyrrole, TSA, and optional graphene and/or PEG. PPy-TSA based films for flexible, gel-free ECG electtrodes.
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Mechanical fragility

cracking and loss of
structural integrity

Property trade-off Reliable performance L J
high conductivity but enabling long-term, gel-free
limited mechanical flexible ECG electrodes : :
stability Electrical Thermal Mechanical Charge
Conductivity = Response Response Transport
at25°C  intherange 25 flexibility structural
to85 °C assessment  correlation

RESULTS & DISCUSSION
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CONCLUSIONS

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

v PPy-TSA-PEG-GR offers the best balance of

30 40 50 60 70 80
Temperature (°C)

Electrical conductivity Mechanical stability
PPy-TSA shows the highest conductivity (~208 All samples are stable between 25- Graphene increases stiffness conductivity, flexibility, and robustness.

S/cm). PEG reduces conductivity (~38 S/cm) due to 85 °C. PPy-TSA shows a slight (higher Young’s modulus), while v' The hybrid composite is a promising material for

net.Work dilutiOH,.Wh.ile g?raphen.e slightly ir!creases thermally acjcivated inc.:rease, while PEG improves flexibility (lower flexible, gel-free wearable ECG electrodes capable
it (~43 S/cm), indicating partial restoration of composites remain largely modulus) of real-time signal monitoring.

charge transport pathways. unchanged.
FUTURE WORK

» Optimize graphene loading for enhanced conductivity
» Evaluate fatigue resistance under repeated bending
» Develop wearable ECG electrode prototypes

» Assess long-term physiological stability

Temperature stability

ACKNOWLEDGMENT

This work was funded from the project "National Platform for Semiconductor Technologies" Contract no. G 2024-
85828/390008/27.11.2024- AAd 1/01.10.2025, SMIS Code 351364 (former 304244), funded by the European
Regional Development Fund under the Operational Program for Smart Growth, Digitization and Financial
Instruments (POCIDIF), Priority 4 — Development of Strategic Technologies for Europe -STEP

https://sciforum.net/event/IOCC2026


https://sciforum.net/event/IOCC2026

	Slide 1

