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Abstract: Sensors and transducers are essential components of measurement systems. The achieve-
ment of a sustainable economy requires environmentally friendly solutions and processes in order to
develop sensors and transducers that are capable of being recycled, disposed, and, degraded without
releasing pollutants into the environment. In this context, we propose a comparative analysis of
deformation sensors based on bacterial cellulose impregnated with choline malonate and EMIM-BF4

ionic liquids (ILs). Their features and performance will be compared while also considering the green
aspect of the proposed sensors.
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1. Introduction

Environmental pollution can harm human, animal, and plant lives. To mitigate the
negative effect of environmental degradation, tech conglomerates and educational and
research institutions have made relevant efforts to create biodegradable and eco-friendly
electronic devices. In recent years, bioderived polymers have gained popularity, and
the development of greener devices has been prioritized. Various solutions have been
addressed in the literature, including the use of bio-derived and natural materials such
as bacterial cellulose (BC) [1]. BC has been considered as an environmentally friendly
substitute to plant-derived cellulose. The authors of [2] have previously proposed using
BC impregnated with ILs and covered by poly (3,4-ethylenedioxythiophene) polystyrene
sulfonate (PEDOT:PSS) as conducting polymer-based electrodes to generate deformation
transducers. Here, we propose a comparative analysis of a BC-based device impregnated
with choline malonate and EMIM-BF4 as ILs.

2. Devices and Results

The BC-based sensors were ~5 cm in length, ~1 cm in width, and ~500 µm in thick-
ness. Each device was impregnated with a family of ILs and, in particular, 1-Ethyl-3-
methylimidazolium tetrafluoroborate (EMIM-BF4) and greener ILs, represented by choline
malonate (CH MAL). A cantilever configuration was considered to investigate the generat-
ing properties of the two devices. The following setup was used to characterize the sensing
elements as deformation sensors: A function generator was used to drive an electromechan-
ical shaker via an amplifier. The shaker’s base plate caused vibrations, which generated

Proceedings 2024, 97, 85. https://doi.org/10.3390/proceedings2024097085 https://www.mdpi.com/journal/proceedings

https://doi.org/10.3390/proceedings2024097085
https://doi.org/10.3390/proceedings2024097085
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/proceedings
https://www.mdpi.com
https://orcid.org/0000-0001-9625-6550
https://orcid.org/0000-0003-3079-9071
https://orcid.org/0000-0001-6814-9977
https://orcid.org/0000-0002-0183-1282
https://doi.org/10.3390/proceedings2024097085
https://www.mdpi.com/journal/proceedings
https://www.mdpi.com/article/10.3390/proceedings2024097085?type=check_update&version=1


Proceedings 2024, 97, 85 2 of 3

an output voltage across the two terminals of the BC. Two laser sensors were used to
measure the anchor and tip displacements of the BC, and the difference was assumed as
the composites’ deformation. The two laser sensor output voltages, the signals produced
by the BC-based sensors, and the output from the reference accelerometer were recorded
on an oscilloscope. The data were stored in a data storage device for post-processing in
MATLAB® R2021. The output voltages in the time domain for both green and non-green
BC-based composites are shown in Figure 1. The experimental analyses were carried out at
a resonant frequency of 10 Hz.
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MAL. 

From the graphs shown above, it is possible to conclude that CH MAL’s RMS defor-
mation is lower than that of EMIM-BF4, and this is the cost of performance for the greener 
device. The results evince that CH MAL has a lower sensitivity with respect to EMIM-BF4. 
Compared to CH MAL, EMIM-BF4’s output voltage exhibits a higher resolution. Never-
theless, the authors’ focus is on developing greener sensors so that these features are coun-
terbalanced by a greener aspect for CH MAL ILs. Their work is in progress, and they are 
conducting an exhaustive analysis on the materials’ biodegradability. 

Figure 1. The time domain graphs of the deformation and the output voltages for the BC-based
composites when the shaker is driven at 400 mV and 10 Hz. (a) EMIM-BF4; (b) CH MAL.

Figure 2 shows two calibration diagrams at 10 Hz. The deformation values were
obtained by varying the input amplitude, and the results show the relationship between
the peak-to-peak BC output voltage and RMS deformation.
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Figure 2. Characterization of RMS deformation for BC-based composites: (a) EMIM-BF4 and (b) CH
MAL.

From the graphs shown above, it is possible to conclude that CH MAL’s RMS defor-
mation is lower than that of EMIM-BF4, and this is the cost of performance for the greener
device. The results evince that CH MAL has a lower sensitivity with respect to EMIM-BF4.
Compared to CH MAL, EMIM-BF4’s output voltage exhibits a higher resolution. Nev-
ertheless, the authors’ focus is on developing greener sensors so that these features are
counterbalanced by a greener aspect for CH MAL ILs. Their work is in progress, and they
are conducting an exhaustive analysis on the materials’ biodegradability.
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