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A B S T R A C T

Nitrogen doped biocarbon materials were effectively synthesised from distiller's dried grains with solubles
(DDGS) using urea as the nitrogen source. The use of urea in the pre-treatment of DDGS on the fixation of
elemental nitrogen in the biocarbon materials was investigated. Urea addition increases the nitrogen content in
the obtained biocarbon, which is found to have 9.28 ± 0.67% for the DDGS:Urea weight ratio of 1:3.
Physicochemical properties of the intrinsic and nitrogen doped biocarbon material were investigated by em-
ploying Raman and BET surface area analysis. Nitrogen rich biocarbon obtained using the DDGS:Urea weight
ratio of 1:3 was taken for the fabrication of an electrochemical double layer capacitor. The fabricated symmetric
supercapacitor with 2-electrode configuration showed the specific capacitance of 49.7 F·g−1 and 100.7 F·g−1

respectively for the intrinsic and nitrogen doped carbon materials at a current density of 0.5 A·g−1.

1. Introduction

Supercapacitors receive progressively more attention due to their
large energy-storage densities, rapid charge/discharge rates and long
cyclability (Li et al., 2015). Hence, they have been widely used for
many applications, which include flexible and wearable electronics
(Dubal et al., 2018), automotive (Kouchachvili et al., 2018), and elec-
trical grid systems (Argyrou et al., 2018). A niche in which super-
capacitors show promise is in the automotive sector, where super-
capacitors display properties necessary for regenerative braking
systems such as quick charge-discharge and good energy capacities
(Frenzel et al., 2011). The electrochemical performances of the super-
capacitors are mainly dependent on the physicochemical and morpho-
logical features of the electrode materials, which can be classified into
three major categories such as carbon-based materials, transition metal
compounds and conducting polymers (Deng et al., 2018). In particular
carbonaceous materials that include activated carbons, carbon aero-
gels/xerogels, carbon nanofibers, carbon nanotubes and graphene have

been extensively explored for the fabrication of supercapacitor elec-
trodes (Q. Wang et al., 2016). Carbon materials exhibit many ad-
vantages for energy storage applications including, their eco friendli-
ness, structural/morphological diversity, chemical stability against
strong acids and bases, and relatively low cost (Frackowiak and Béguin,
2001). In addition to that, the amphoteric feature of the carbon mate-
rials leads to having inherent rich electrochemical properties at donor
and acceptor levels (Frackowiak and Béguin, 2001). An effective ca-
pacitive and cycling performance of the supercapacitor can be attained
through the high surface area and pores of the carbon materials and
hence activated carbons are found to be the most promising
(Frackowiak, 2007). Conventionally, the activated carbons are pre-
pared from fossil resources. With the increasing concern over un-
sustainable production methods for high demand materials such as
activated carbon, the production of environmentally-friendly alter-
natives to existing carbon-based technologies is a modern imperative
(Snowdon et al., 2014).

As a result, the biocarbons (BioCs), which are the solid carbon

https://doi.org/10.1016/j.biteb.2019.100375
Received 29 August 2019; Received in revised form 6 December 2019; Accepted 25 December 2019

⁎ Corresponding author at: Bioproducts Discovery and Development Centre (BDDC), Department of Plant Agriculture, University of Guelph, Crop Science Building,
117 Reynolds Walk, Guelph, Ontario N1G 1Y4, Canada.

E-mail address: mmisra@uoguelph.ca (M. Misra).

Bioresource Technology Reports 9 (2020) 100375

Available online 27 December 2019
2589-014X/ © 2019 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/BY-NC-ND/4.0/).

T

http://www.sciencedirect.com/science/journal/2589014X
https://www.journals.elsevier.com/bioresource-technology-reports
https://doi.org/10.1016/j.biteb.2019.100375
https://doi.org/10.1016/j.biteb.2019.100375
mailto:mmisra@uoguelph.ca
https://doi.org/10.1016/j.biteb.2019.100375
http://crossmark.crossref.org/dialog/?doi=10.1016/j.biteb.2019.100375&domain=pdf

	Synthesis and characterization of novel nitrogen doped biocarbons from distillers dried grains with solubles (DDGS) for supercapacitor applications
	Introduction
	Materials and methods
	Materials
	Methods
	Synthesis of biocarbon
	Characterization of biocarbon
	Fabrication and characterization of symmetric supercapacitors


	Results and discussion
	Characterization of the intrinsic and nitrogen doped biocarbon
	Raman analysis
	BET surface area analysis

	Electrochemical characterization of the supercapacitors

	Conclusions
	CRediT authorship contribution statement
	mk:H1_15
	Acknowledgements
	mk:H1_18
	Data availability
	mk:H1_20
	Supplementary data
	References




