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Abstract— The current state of the art in telemedicine has increased the interest in long
term monitoring of physiological and bioelectric signals. This motivated the development
of materials and techniques for the fabrication of biocompatible, user and environmen-
tally friendly alternatives to conventional resistive wet electrodes. Here we report a
method for the fabrication of dry flexible and stretchable electrodes based on Coconut-Oil
and Carbon Black for the monitoring of electrophysiological signals without conductive
gels. The highly stretchable material shows a specific resistance ρ down to 33.2±12.3Ωm,
high conformability, and a stretchability up to 1500%. The epidermal electrodes were
used to record Electrocardiographic (ECG) signals and measure respiration in a 3-lead
configuration and compared to commercial wet electrodes. Even after being elongated
by 100% for 100 stretch/release cycles, a reliable recording of the QRS-complex is
demonstrated without the need for any contact enhancer or substances that cause skin
reaction, demonstrating the potential use of this material for long term ECG monitoring applications.

Index Terms— Biocompatible electrodes, Dry electrodes, ECG electrodes, Flexible electronics,health monitoring

I. INTRODUCTION

THE development of novel fabrication techniques and
advanced materials has fostered the creation of flexible

electronic systems [1]. This has promoted the establishment
of innovative applications such as wearable sensor arrays [2],
smart textiles [3], or artificial skins [4] to monitor e.g. mo-
tion [5], shape [6], or health [7], while being unobtrusive,
comfortable, and able to conform to the human body [8].
Such systems have to be flexible, elastic, and biocompatible
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to properly adapt to the skin’s movement and to provide
a long lasting interface [9]. These properties are of great
importance, specially for electrical measurements which rely
on electrodes that are in close contact with the skin [10] to
acquire e.g. electrophysiological signals. Electroencephalog-
raphy (EEG) [11] and Electrocardiography (ECG) are the
most well known examples. These signals can be used to
diagnose heart diseases, monitor health [12] and physical
activity, or for human identification [13], [14]. Biopoten-
tials are traditionally acquired with adhesive wet silver-silver
chloride (Ag/AgCl) electrodes, but these can not be used
continuously for more than 48 hours [15]. This is because
the traditional contact enhancing conductive gel tends to
dry, causing contact problems and skin irritation [16]. To
prevent the use of material that dries after a specific period,
metal dry electrodes have been developed that do not require
electrolyte on the skin-electrode interface. However, the skin
interface present potential variations in the millivolts range
as a result of skin movements [17]. This has encouraged
the development of new techniques and alternative materials
for the fabrication of dry electrodes; some examples are the
networks of flexible resistive ECG with silver nanowires [18],
Carbon nanotubes or AgNPs in a PDMS matrix [19], [20],
organohydrogels synthesised with ammonium persulfate, acry-
lamide, and acrylic acid [21], or hydrophilic textiles, clad with
reduced Graphene oxide (rGO), obtained by mixing graphite
powder with sulfuric acid, potassium permanganate [22]. The
fabrication of these electrodes requires the use of low viscosity
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