Author’s Accepted Manuscript

Towards Kilohertz Electrochemical Capacitors for 4
Filtering and Pulse Energy Harvesting nano energy

Editor in Chief: Zhong Lin Wang

Zhaoyang Fan, Nazifah Islam, Stephen B. Bayne

www.elsevier.comvlocate/nanoenergy

PIIL: S2211-2855(17)30402-0
DOI: http://dx.doi.org/10.1016/j.nanoen.2017.06.048
Reference: NANOEN2054

To appear in:  Nano Energy

Received date: 22 May 2017
Revised date: 26 June 2017
Accepted date: 29 June 2017

Cite this article as: Zhaoyang Fan, Nazifah Islam and Stephen B. Bayne
Towards Kilohertz Electrochemical Capacitors for Filtering and Pulse Energ
Harvesting, Nano Energy, http://dx.doi.org/10.1016/j.nanoen.2017.06.048

This is a PDF file of an unedited manuscript that has been accepted fo
publication. As a service to our customers we are providing this early version o
the manuscript. The manuscript will undergo copyediting, typesetting, an
review of the resulting galley proof before it is published in its final citable forn
Please note that during the production process errors may be discovered whic
could affect the content, and all legal disclaimers that apply to the journal pertain


http://www.elsevier.com/locate/nanoenergy
http://dx.doi.org/10.1016/j.nanoen.2017.06.048
http://dx.doi.org/10.1016/j.nanoen.2017.06.048

Towards Kilohertz Electrochemical Capacitors for Filtering and Pulse Energy Harvesting
Zhaoyang Fan"?", Nazifah Islam"?, Stephen B. Bayne'®
'Department of Electrical and Computer Engineering; Texas Tech University, Lubbock, TX 79409-
3102, United States.
Nano Tech Center; Texas Tech University, Lubbock, TX 79409-3102, United States
3Center for Pulsed Power & Power Electronics; Texas Tech University, Lubbock, TX 79409-3102,
United States
Zhaoyang.Fan@ttu.edu

Abstract

Electrochemical capacitors (ECs) are slow devices with charging and discharging rates limited below 1
Hz. They run at direct current and function as power source, but cannot afford the role of a conventional
capacitor for current ripple filtering or pulse energy harvesting. Recently, developing ultrafast ECs that
work at hundreds to kilohertz (kHz) frequency scope have attracted great interests, with the aim to
replace the traditional aluminum electrolytic capacitors (AECs) that have bulky size and large
equivalent series resistance. Compact kHz ECs would produce huge impacts on power design, power
electronics and environmental pulse energy harvesting. Towards such a goal, the electrode material and
its nanostructure are the keys to boost the response frequency of an EC from below 1 Hz to above 1
kHz. In this Review, we summarize guidelines on the electrode nanostructure design for kHz response,
discuss the various carbonaceous materials and other highly conductive materials based electrode
structures for kHz ECs. The configurations of higher voltage kHz ECs, and their dimension advantage
over AECs are critically evaluated, followed with the outlook on the further study and development in

this promising area.

Graphical abstract

Compact kilohertz electrochemical capacitors will produce huge impacts on power design, power
electronics and environmental pulse energy harvesting. In this Review, we summarize guidelines on the
electrode nanostructure design for kHz response, discuss the various carbonaceous materials and other
highly conductive materials based electrode structures for kHz ECs. The configurations of higher
voltage kHz ECs are critically evaluated. Further study and development in this promising area are
suggested.
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