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Summary:
Nanocomposites based on graphene nanoplatelets (GNP) were developed using recycled cellulose ac-
etate from cigarette filters as the polymer matrix. Electrical conductivity measurements showed signifi-
cant improvement with increasing GNP content, peaking at the saturation of the electrical network. The 
electromechanical performance of the sensors demonstrated a gauge factor (GF) near 20 at 3 wt% GNP 
content in the 0-2% strain range due to the tunneling effect. The new matrix ensures sensor sustaina-
bility and stability through cyclic testing.
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Introduction
Strain sensors are essential for Structural Health 
Monitoring (SHM) in aerospace structures, 
providing real-time data on stress and defor-
mation to ensure safety and integrity [1,2]. Car-
bon-based nanocomposites, particularly those 
doped with graphene nanoplatelets (GNPs), 
have shown great potential due to their high sen-
sitivity and cost-effectiveness compared to tradi-
tional fiber optic sensors and strain gauges [3,4].
However, the increasing disposal of electronic 
sensors is leading to significant environmental 
problems due to the release of heavy metals and 
non-recyclable semiconductors, contributing to 
e-waste [5]. This issue has generated global in-
terest in developing electronic sensors with
longer lifespans and reduced e-waste. Numer-
ous examples of electronic sensors with self-
healing or recyclable properties have emerged in
response to these concerns [6]. This study fo-
cuses on using recycled cellulose acetate (CA),
derived from cigarette filters, as the polymer ma-
trix for developing strain sensors based on gra-
phene nanoplatelets (GNPs). The use of recy-
cled materials helps reduce the demand for new
raw materials and offers environmental benefits.
The developed sensors, while innovative in their
use of recycled polymer matrix, support green
manufacturing pathways in response to environ-
mental concerns.

Experimental Details
▪ Materials

The nanocomposites used GNPs incorporated 
into recycled cellulose acetate, which was pro-
cessed from discarded cigarette butts [7]. GNP 
powder was supplied by NANESA, Arezzo, Italy, 
with an average thickness of 14 nm, an average 
lateral size of 30 µm, and electrical resistivity of 
10‒5 Ω⋅m. Acetone was used as solvent for GNP 
dispersion. 

▪ Fabrication of Nanocomposites
Conductive mixtures of GNPs/CA with three dif-
ferent graphene contents (3, 6, and 15 wt%) 
were prepared as reported in Fig. 1: Graphene 
nanoplatelets were initially dispersed in acetone 
by magnetic stirring and sonication for 1 hour in 
an ice bath while being simultaneously stirred.

Fig. 1. Schematic illustration of the fabrication pro-
cess.
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The recycled CA was subsequently introduced 
into the solution under continuous stirring for 30 
minutes at a controlled low speed. The final mix-
tures were then cast into molds and left at room 
temperature to completely evaporate the ace-
tone and solidify.

Results and Discussion
▪ Electrical Properties

The electrical conductivity of GNP/CA nanocom-
posites was investigated using the two-point 
probe method. The 3 wt%, 6 wt%, and 15 wt% 
GNP/CA sheets had conductivities of 0.001, 
0.005, and 0.142 S/m, respectively. As pre-
dicted, being in the region between the percola-
tion threshold and saturation point [8], increasing 
the GNP content resulted in higher conductivity.

▪ Electromechanical properties
Tensile tests showed an increase in resistance 
with applied strain, confirming the piezoresistive 
nature of the sensors. Fig. 2 illustrates the rela-
tive resistance change over time as the sensor is 
stretched step by step and then released in the 
same increments. Each step corresponded to a 
0.1% strain, up to a total strain of nearly 1%. The 
gauge factor (GF) of the sensors peaked at a 
value of approximately 20 for the 3 wt% GNP/CA 
content, while the 15 wt% GNP/CA content ex-
hibited a GF of around 5 for strains up to nearly 
2%.

Fig. 2. Relative resistance changes of the sensor 
under strain for GNP/CA with 3 wt% graphene content 
(Each step: 0.1 % strain, totally 10 steps).

▪ Long-Term Stability
Cyclic tests (100 cycles, 1% strain) confirmed 
the robustness of the sensors, demonstrating 
high durability and stable electromechanical re-
sponses with minimal signal degradation. The 
use of recycled cellulose acetate as the matrix 
provided excellent stability and compatibility with 
the conductive GNP network and produced ro-
bust sensors suitable for long-term applications.

Conclusion
In summary, this study demonstrated the suc-
cessful fabrication of GNP/CA nanocomposites 
using recycled cellulose acetate from cigarette 
butts. The sensors exhibited piezoresistive prop-
erties with gauge factors peaking at 20 for 3 wt% 
GNP/CA content. Despite lower conductivity 
compared to other polymer matrices, the sen-
sors showed improved performance over previ-
ous work. Cyclic tests confirmed their robustness 
and long-term stability, highlighting the environ-
mental benefits and potential applications.

References
[1] Y. Zhang, N. Anderson, S. Bland, S. Nutt, G.

Jursich, S. Joshi, All-printed Strain Sensors: Build-
ing Blocks of the Aircraft Structural Health Moni-
toring System, Sens. Actuators A Phys. 253,
(2016); doi: 10.1016/j.sna.2016.10.007.

[2] F. Yin, D. Ye, C. Zhu, L. Qiu, Y. Huang, Stretcha-
ble, Highly Durable Ternary Nanocomposite Strain
Sensor for Structural Health Monitoring of Flexible
Aircraft, Sensors 17, 2677 (2017); doi:
10.3390/s17112677.

[3] A. S. Fiorillo, C. D. Critello, A. S. Pullano, Theory,
technology, and applications of piezoresistive sen-
sors: a review, Sens. Actuators A Phys. 281, 156–
175 (2018); doi: 10.1234/s10000.

[4] F. S. Irani, A. H. Shafaghi, M. C. Tasdelen, T.
Delipinar, C. E. Kaya, G. G. Yapici, M. K. Yapici,
Graphene as a Piezoresistive Material in Strain
Sensing Applications, Micromachines 13, 119
(2022); doi: 10.3390/mi13010119.

[5] A. del Bosque, X. Fernández, A. Gómez, M.
Sánchez, A. Ureña, Highly stretchable strain sen-
sors based on graphene nanoplatelet-doped Eco-
flex for biomedical purposes, Sens. Actuators A
Phys. 353, 114249 (2023); doi: 10.1234/s10000.

[6] X. Tao, S. Liao, Y. Wang, Polymer-assisted fully
recyclable flexible sensors, EcoMat 3, (2021); doi:
10.1002/eom2.12083.

[7] A. De Fenzo, M. Giordano, L. Sansone, A Clean
Process for Obtaining High-Quality Cellulose Ace-
tate from Cigarette Butts, Materials 13, 4710
(2020); doi: 10.3390/ma13214710.

[8] S. Lu, C. Tian, X. Wang, D. Chen, K. Ma, J. Leng,
L. Zhang, Health monitoring for composite materi-
als with high linear and sensitivity GnPs/epoxy
flexible strain sensors, Sens. Actuators A Phys.
267, (2017); doi: 10.1234/s10000.

DOI 10.5162/EUROSENSORS2025/MP64


