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Output Performance of Triboelectric Nanogenerator Under Oil Lubricating Conditions
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1. Introduction

With the advent of the Internet of Things (IoT) era, the demand for small sensors and electronic devices has increased
exponentially, and the number of these is expected to increase further in the future. However, covering the power of sensors and
devices with conventional batteries is expected to bring out excessive consumption due to the high cost of battery replacement and
environmental problems from the disposal of waste [1]. Triboelectric Nanogenerator (TENG) has been drawing huge attention as
an energy harvesting technology to solve the power issue [2]. TENG was newly developed by Wang’s group in 2012, and it has
various modes such as contact separation mode, lateral sliding mode, contact separation single electrode mode, lateral sliding single
electrode, freestanding mode, etc. Its operation principle is based on the combination of the triboelectric effect and electrostatic
induction [3]. Therefore, the magnitude of the output depends on the triboelectric properties of the dielectric material used. TENG
stands out in various points, such as small-scale, lightweight, low cost, and high power density [4]. Moreover, because contact
electrification is common in daily life, TENG has great accessibility and wide applicability to energy harvesting. TENG has shown
potential applications such as self-power sensors, wearable sensors that harvest energy from human daily movements, and blue
energy harvesting devices [5-7]. However, since contact electrification involves friction, and as a result wear inevitably occurs,
which can adversely affect the stability and durability. To compensate for the limitations, various research papers have been
reported: TENG deposited with diamond-like carbon (DLC) films, lubricated-TENG, and liquid-liquid interface TENG using
ferrofluid [8,2,9]. In this study, lubrication was introduced to overcome the limitation. Fundamental research was conducted to
investigate the output performance of TENG under lubricating conditions. In order to identify the effect of applying lubricants,
various lubricants are used such as hydrocarbons, alcohols, carboxylic acids, and base oils with different dynamic viscosity and
functional groups between the interfaces of a lateral sliding single electrode mode TENG. Also, the change of electrical output
concerning normal load and sliding velocity in the TENG with Hexadecane was investigated.
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lubricants were dropped between the two sliding interfaces such as

hydrocarbons, alcohols, carboxylic acids, and base oils. Most of the Fig. 1 Working principle of lateral sliding single

experiments were performed with a stroke of 30 mm, a frequency of 1 Hz, electrode mode TENG Sample of figure

and a normal load of 1 N. To investigate the difference in the output according to normal load and sliding velocity, experiments
were conducted under the normal loads of 5 N and 10 N and the sliding velocities of 0.5 Hz, 2 Hz and 3.5 Hz with Hexadecane as
a lubricant liquid. Open-circuit average pk-pk voltage, which is the average value of the difference between the maximum and

minimum voltages obtained in the last 10 cycles out of 100 cycles, is used as a representative value of electrical output.

3. Results and discussion

The results depending on the type of lubricants, normal loads, sliding velocities, and dynamic viscosities are illustrated in Figure
2. The results demonstrated that TENG with hydrocarbons composed only of carbon and hydrogen, showed higher output than
other groups. Carboxylic acids produced lower output than dry. Alcohols recorded the lowest output. Also, as the normal load
increased, the outputs of both lubricated-TENG with Hexadecane and dry-TENG increased and saturated. This is because the
effective contact area increases with a high normal load [3]. In dry-TENG, there was only a little difference in output with increasing
sliding velocity, but in lubricated-TENG, the output increased significantly. Since the corresponding range of sliding velocity is
considered as a boundary lubrication regime due to the low velocity, it suggests that the output increases with increasing sliding
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velocity in this regime. This could be the reason why the lubricant with higher viscosity yields a higher output at the same sliding
velocity.
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Fig. 2 Electrical output of TENG according to various (a) types of lubricant, (b) normal loads, (c) sliding velocities, and
(d) dynamic viscosities

4. Summary

The change of electrical output according to various lubricants, normal loads and sliding velocities was observed using sliding-
mode lubricated-TENG. As a result, the electrical output tends to increase with saturation as the normal load increases in both
dry-TENG and lubricated-TENG due to the effective contact area. The output in dry-TENG is independent of the sliding velocity,
whereas the output of lubricated-TENG in the boundary lubrication regime increases as rising velocity. Finally, between lubricants
with functional groups, the higher the viscosity, the higher the output under the same sliding velocity condition. It is believed to
be due to the difference in lubricant behavior with viscosity. This fundamental study suggests that for lubricated-TENG based on
sliding motion, the lubricant behavior should be considered when predicting output or setting conditions.

Acknowledgment
This work was partially supported by JKA and its promotional funds from KEIRIN RACE.

References

1) Wang, Z. L., and Wu, W.: Nanotechnology-Enabled Energy Harvesting for Self-Powered Micro-/Nanosystems, Angewandte
Chemie International Edition, 51 (2012) 11700.

2)  Wu, C., Wang, A. C., Ding, W., Guo, H., and Wang, Z. L.: Triboelectric nanogenerator: a foundation of the energy for the new
era, Advanced Energy Materials 9.1 (2019): 1802906.

3)  Wang, Z. L., Lin, L., Chen, J., Niu, S., and Zi, Y.: Triboelectric nanogenerators, Springer International Publishing, (2016).

4)  Liu, W,, Wang, Z., Wang, G., Liu, G., Chen, J., Pu, X., Xi, Y., Wang, X., Guo, H., Hu, C., and Wang, Z. L., Nature
communications, 10:1 (2019).

5) Wang, Z. L., Chen, J., and Lin, L.: Progress in triboelectric nanogenerators as a new energy technology and self-powered
sensors, Energy & Environmental Science, 8.8 (2015) 2250-2282.

6) Pu,X.,Li L. Song, H., Du, C, Zhao, Z., Jiang, C., Cao, G., Hu, W., and Wang, Z. L.: A self-charging power unit by integration
of a textile triboelectric nanogenerator and a flexible lithium-ion battery for wearable electronics, Advanced Materials, 27.15
(2015) 2472-2478.

7)  Chen, J., Yang, J., Li, Z., Fan, X., Zi, Y., Jing, Q., Guo, H., Wen, Z., Pradel, K. C., Niu, S., and Wang, Z. L.: Networks of
triboelectric nanogenerators for harvesting water wave energy: a potential approach toward blue energy, ACS nano, 9, (2015)
3324-3331.

8) Ramaswamy, S. H., Shimizu, J., Chen, W., Kondo, R., and Choi, J.: Investigation of diamond-like carbon films as a promising
dielectric material for triboelectric nanogenerator, Nano Energy, 60 (2019) 875-885.

9) Wang, P, Zhang, S., Zhang, L., Wang, L., Xue, H., and Wang, Z. L.: Non-contact and liquid-liquid interfacing triboelectric
nanogenerator for self-powered water/liquid level sensing, Nano Energy, 72 (2020) 104703.

FIA AR U2 2022 B @I TS 474





