Journal of Physics: Conference
Series

PAPER « OPEN ACCESS You may also like

. . . - Waterwheel-inspired high-performance
Electrically conductive fabric based stretchable hybrd elecomaanelic-bseiesrs

. . nanogenerators based on fluid pipeline
triboelectric energy harvester energy harvesting for power supply
systems and data monitoring
Mengying Lian, Jiaxin Sun, Dawei Jiang et
l.
To cite this article: Rubaiyet |. Haque et al 2016 J. Phys.: Conf. Ser. 773 012005 @
- Erom contact electrification to triboelectric

nanogenerators
Zhong Lin Wang

- Output characteristics of series-parallel
triboelectric nanogenerators
Xinsheng He, Huaiyi Zhang, Jiajie Jiang et
al.

View the article online for updates and enhancements.

c S| DISCOVER
i - how sustainability
The Vi : intersects with
Electrochemical & |
Society

Advancing solid state &
electrochemical science & technology

This content was downloaded from IP address 3.144.238.20 on 04/05/2024 at 01:11


https://doi.org/10.1088/1742-6596/773/1/012005
https://iopscience.iop.org/article/10.1088/1361-6528/ac97f1
https://iopscience.iop.org/article/10.1088/1361-6528/ac97f1
https://iopscience.iop.org/article/10.1088/1361-6528/ac97f1
https://iopscience.iop.org/article/10.1088/1361-6528/ac97f1
https://iopscience.iop.org/article/10.1088/1361-6528/ac97f1
https://iopscience.iop.org/article/10.1088/1361-6633/ac0a50
https://iopscience.iop.org/article/10.1088/1361-6633/ac0a50
https://iopscience.iop.org/article/10.1088/1361-6528/aca599
https://iopscience.iop.org/article/10.1088/1361-6528/aca599
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjssfbllLilX9h-L6jJgZyCt77GAZheUFtyzK0rdXgdYP1nHFvcA6U447Xr0lIqqAsdrI-2YJK3J-wtCi-l3dh9TYOvSBLQokZqgCakX31rSg1o0pkB-91K-Moor2zr55vsI7KvZO2Iu3VsclGDbn4Ku1StrO4l_e8MiKQRSYCle6qm66c_eYowwSXQl7W4fSaDOU3XM5zFsYZu3GWBjP2HTQQ1upJVHi4vJ8Zl0UN8BrGtCWbkLXN_7fZZh_6T7LvjWRvdf2UTSH32iTwd5tYyF_kmujId0yvdYFHAK-kG4hhw5W-auVV18CDN-aP-efkfe0k_dTjjx3vnJA2M2JOdSIxRJx-A&sig=Cg0ArKJSzGSwKQnR9iWY&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://iopscience.iop.org/partner/ecs%3Futm_source%3DIOP%26utm_medium%3Ddigital%26utm_campaign%3DIOP_tia%26utm_id%3DIOP%2BTIA

PowerMEMS 2016 IOP Publishing
Journal of Physics: Conference Series 773 (2016) 012005 doi:10.1088/1742-6596/773/1/012005

Electrically conductive fabric based stretchable triboelectric
energy harvester

Rubaiyet I. Haque'?, Pierre-André Farine? and Danick Briand'

"Microsystems for Space Technologies Laboratory, Ecole Polytechnique Fédérale de
Lausanne, Neuchatel, Switzerland

2 Electronics and Signal Processing Laboratory, Ecole Polytechnique Fédérale de
Lausanne, Neuchatel, Switzerland

E-mail: rubaiyet.haque@epfl.ch

Abstract. Stretchable conductive fabric-based triboelectric generator (TENG), to develop
breathing/chest band for harvesting energy at low frequency has been developed. Stretchable
conductive nylon-fabric and carbon-based elastomer composites were used as electrodes.
During this work, film casting technique was implemented and combination of different
materials, such as, polydimethylsiloxane (PDMS) and polytetrafluoroethylene (PTFE)/
polyurethane (PU) were tested as triboelectric layers. The process was compatible with large
scale fabrication. At low operation frequency of 1.0+0.1 Hz for the strain of 13+1.5%,
developed TENGs provide output power densities of 0.06 uW/cm? and 0.11 pW/cm? for the
load resistance of 100 MQ, and energy density of 0.19+0.03 nJ/cm?/cycle and 0.08+0.01
nJ/cm?/cycle for the use of capacitor of 2.2 uF, for PDMS-PTFE and PDMS-PU based TENGs
respectively.

1. Introduction
Triboelectric effect is known for long time mainly for its negative effects in electronics industries. In
recent time, triboelectric energy harvesting, which uses the contact electrification effect and
electrostatic induction method [1], have attracted extensive attention to harvest energy from
mechanical movements or vibrations. In addition, with the fast development of wearable electronics,
there is a strong need for fully compliant wearable, stretchable energy harvesters for users’ comfort.

Several advanced next generation applications, such as smart textiles, wearable biomedical
systems, and smart sensory skin for robotics, require energy harvester with adaptability to different
surface topology and mechanical durability to be highly sustainable and to have capability to
withstand high deformations, various movements, twisting and stretching. Flexibility and stretchability
provide conformability and great deformability without compromising device performance and higher
thus the reliability. Such triboelectric generators (TENGs) can be used to harness energy from human
elbow, knee and breathing movements. Working principle of stretchable TENG is mainly based on
sliding mode, whose output depends heavily on operational frequency and change in overlapping areas
of two dielectric surfaces during sliding. Different stretchable TENGs have been reported [2]-[5], but
their geometry and fabrication processes were relatively complex and not scalable, as in most cases
individual fibre structures are fabricated, nanotextured and then weaved to obtain TENGs.

Here, we are presenting stretchable lateral-sliding mode TENGs manufactured using a film casting
approach and having simpler design. Stretchable conductive composite fabric, dielectric elastomers
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and conductive elastomer composites were implemented during this work to develop the stretchable
TENGs with an easier process compatible with large scale fabrication techniques.

2. Experimental procedure

2.1. Materials and design

h d desi f th hable 1 1 ¥ Conductive textile PTFE /PU
5151 Ifgro}zl)l(q) (s)fie ';Sélg\]n G(S) itS ecs(glel;cosae de Ozfltes;g PDMS [ Carbon based clastomeric layer
triboelectric layers, assembled in contact, facing
each other, as illustrated in Figure 1. Outer layer < » <<=>
is stretchable, whereas the inner layer is flexible
but non-stretchable. Stretchable conductive (@) . . (b)
fabric and carbon-based elastomer composites Figure 1. Schematic diagram of stretchable

triboelectric generator along the (a) length and (b)

were used as electrodes. In this work, : N
width directions.

Polydimethylsiloxane (PDMS), polyurethane
(PU) and polytetrafluoroethylene (PTFE) were used as triboelectric layers. The geometrical
dimensions of the sliding mode TENG-bands are mentioned in Table 1.

Table 1. Dimensions of the stretchable TENG-band

Active area ;72 cm?
Thickness of PDMS layer : 80 um
Thickness of PU/PTFE layer : 50 pm

Conductive silver-plated nylon fabric (MedTex180) was supplied by Shieldex productions &
Vertriebs GmbH. PDMS (Sylgard 186) and PU (MM4520) were purchased from DowCorning and
SMP Technology Inc respectively, and PTFE film having thickness of 50 um was collected from
online supplier (Angst+Pfister). Carbon black pellets (Ketjenblack EC-300J] & Ketjenblack EC-
600JD) that has been used to prepare electrodes were purchased from Akzo-Nobel. Solvents were
purchased from Sigma-Aldrich. All products were used as received. Film casting of elastomers were
performed on commercially available polyethylene terephthalate (PET) film.

2.2. Process flow

The fabrication process of stretchable TENG-
bands was comprised of preparation of two
triboelectric layers, one was stretchable and other |
was flexible, along with electrodes and then |
assembly. Starting with the casting and curing of
PDMS layer on PET substrate along with
sacrificial layer; the PDMS layer was then
transferred to electrically conductive fabric using
elastomeric  adhesive to form stretchable
triboelectric layer with electrode. ‘

In addition, two different flexible but non- Figure 2. Stretchable triboelectric generator.
stretchable second triboelectric layers were prepared using PTFE and PU materials. In case of PTFE,
conductive carbon-based PDMS layer was film casted on PTFE film and cured. Triboelectric PU layer
is produced by film casting of dissolved PU layer on casted and cured carbon-based conductive PU
layer. At the final stage, layers were assembled by placing triboelectric layers facing each other in
surface contact, to form two different stretchable sliding-mode based TENGs with PDMS-PFTE and
PDMS-PU triboelectric layer combinations (Figure 2).

The electrical responses of the stretchable TENG-bands were performed via oscilloscope through
electronics circuit presented in Figure 3(a). Amount of generated energy of the TENGs were also
measured using electronics circuit (Figure 3(b)), where a capacitor (Cr) of 2.2 uF was used. All the
tests were performed for the strain of 13+£1.5% and the frequency of 1.0+0.1 Hz.




PowerMEMS 2016 IOP Publishing
Journal of Physics: Conference Series 773 (2016) 012005 doi:10.1088/1742-6596/773/1/012005

3. Results and discussion

Lateral sliding-mode based stretchable
TENGs were fabricated, where PDMS, PU
and PTFE were tested as triboelectric
layers and stretchable conductive fabric
and carbon-elastomer composites were
used as electrodes. During stretching, :
PDMS layer elongated and sliding between ) T
PDMS and other triboelectric layer take (a) (b)
place. The change of overlapping surface
area generates the electrical energy due to
triboelectric effect. The performances of
PDMS-PTFE and PDMS-PU based
TENGs were tested using electronics
mentioned in Figure 3(a) and 3(b).

150

Figure 3. Schematic diagram of the measurement technique
(a) to characterize the electrical response and (b) circuit used
to store energy/charge generated by TENG based shoe
insole during walking.
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Figure 4. Electrical response of the PDMS-PTFE based stretchable TENGs. (a) open circuit voltage; (b)
closed circuit current for the load resistance of 100 MQ; (c) power generated for closed circuit measurement
for the load resistance of 100 MQ.
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Figure 5. Electrical response of the PDMS-PU based stretchable TENGs. (a) open circuit voltage; (b) closed
circuit current for the load resistance of 100 MQ; (c) power generated for closed circuit measurement for the
load resistance of 100 MQ.
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Figures 4 and 5 present the electrical response due to cyclic stretching and relaxing by PDMS-
PTFE and PDMS-PU TENG-bands at 1.0+£0.1 Hz. According to the observation, for the load
resistance of 100 MQ, PDMS-PTFE based TENG generated open circuit voltage (Voc, rms value) of
43.5 V and closed circuit current (/cc, rms value) of 0.16 uA, which corresponded to the power and
power density of 4.5 pW and 0.06 pW/cm? respectively. Whereas, PDMS-PU based TENG provided
Voc (rms value) of 55 V and [cc (rms value) of 0.19 pA for the load resistance of 100 MQ, that
represented, respectively, the power generation and power density of 8.1 pyW and 0.11 pW/cm?.

Moreover, the amount of charge transfer that occurred during stretching and amount of energy of
TENGs were measured using capacitor of 2.2 pF. For PDMS-PTFE based TENG, the achieved
amount of electrons transfer in a single charge-transfer process was 0.24+0.02 uC, that corresponded
to the surface charge density of 3.35+0.31 nC/cm? and energy density of 0.19+0.03 nJ/cm?. Regarding
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the other typology, PDMS-PU based TENG provided the surface charge density of 1.65+0.15 nC/cm?
and energy density of 0.08+0.01 nJ/cm? per cycle.

It has been observed that, PDMS-PTFE based TENG provided better performance as lateral-sliding
mode based triboelectric energy harvester. The high surface stickiness between PDMS and PU
triboelectric layers induced higher friction between layers and thus performing sliding-mode of
PDMS-PU based TENG was relatively difficult, which might have led to the reduced performance of
PDMS-PU based TENG in comparison with PDMS-PTFE based TENG.

4. Conclusions

In summary, the stretchable sliding-mode based TENGs, with simple design, have been reported.
These TENGs can be used to generate energy due to stretching while breathing, keen and elbow
movements, and can be developed using simple, economic and scalable fabrication method, like, film
casting method. As demonstrated, the developed TENGs were capable of generating energy at low
stretching frequency of 1+0.1 Hz for the strain of 13+1.5%.

In comparison to the PDMS-PU based TENG, PDMS-PTFE based TENG perform smoothly due to
less friction between triboelectric layers, and provided power density of 0.06 uW/cm? for load
resistance of 100 MQ, and charge density of 3.35+0.31 nC/cm? and energy density of 0.19+0.03
nJ/cm? for capacitor of 2.2 uF during single stretching operation. On the contrary, PDMS-PU based
TENG delivered power density of 0.11 pW/cm? for load resistance of 100 M, and charge density of
1.65+0.15 nC/cm?/cycle and energy density of 0.0.8+0.01 nJ/cm*/cycle for the use of capacitor of 2.2
pF in the circuit during stretching.

However, further investigating is required to explore suitable materials and designs to reduce the
friction among the triboelectric layers to ease the sliding mechanism, and in the process, improve the
capability and fabrication method. In addition, to protect the TENG from humidity and dust,
encapsulation procedures will be studied.
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