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In this paper, the two-step activation Eucommia wood tar-based activated carbon (ETAC), cellulose nanofibers
(CNF) and reduced graphene oxide (rGO) were assembled to form composite aerogel in mild condition.
Impressively, the doping of optimizing ETAC greatly improved the overall specific surface area (SSA) of the
aerogel, and the CNF extracted from Eucommia ulmoides wood was used to enhance the mechanical properties of
graphene aerogel. Besides, the composite aerogels with high content of ETAC (67% of mass ratio) possessed

efficient MnOx deposition capability (1540 mg/g), which could assemble an asymmetric free-binder super-
capacitor, exhibiting an ultrahigh specific capacitance and prominent cycling stability. This work offered a
feasible method to fabricate free-binder composite aerogels with excellent electrochemical property for broad

applications in supercapacitors.

1. Introduction

With the development of global industry, the requirement for energy
storage increased unprecedentedly. The gap of traditional capacitors
and batteries was narrowed by supercapacitors, which were considered
as the promising energy storing devices due to the high power density
and prominent cycle stability. Unfortunately, the energy density of
supercapacitor was nowhere near as the high properties of batteries,
which impeded its practical application (Dai et al., 2019). Besides, there
are the other challenges like high-cost and poor rate performance for
supercapacitors need to be addressed. Therefore, strenuous efforts had
been carried out to develop novel electrodes materials with low-cost,
excellent mechanical and electrochemistry properties.

As one type of material with sp® hybridized carbon atoms, graphene
was agminated closely to form a single two-dimensional honeycomb
lattice structure, applying as a promising supercapacitor electrode ma-
terial on account of the excellent electroconductibility (Castro, Neto, &
Guinea, 2009). Many researchers utilized the supercritical drying (Wang
et al., 2017a), freeze-drying and hydrothermal methods (M. Yang et al.,
2017) to transform the two-dimensional graphene into three-
dimensional aerogel in the field of energy storage. Unfortunately, the
specific surface area (SSA) of most graphene aerogels was lower than
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500 m?/g, which is likely to impede the energy storage requiring high
SSA (Sun, Gao, Du, Zhang, & Wu, 2018; Wang et al., 2017b). In order to
solve this situation, the graphene aerogel doped with functional mate-
rials (carbon nanotubes, metal nanoparticles, etc.) can effectively in-
crease its SSA (Zhang et al., 2017). This composite graphene aerogel not
only possesses additional properties of functional materials, but also
reduces the agglomeration of graphene sheets (Cossutta, Vretenar,
Kotrusz, Mckechnie, & Pickering, 2020). However, from the economic
and environmental considerations, the low-cost biomass-based carbon
material was an ideal choice (Zhu et al., 2018).

In recent years, some literatures recorded the preparation methods of
porous carbon/graphene composite aerogel (Chen et al., 2021), which
was applied as active substance for supercapacitor electrode with a
particle form (Xu, Wang, Xiang, & Niu, 2021). Although these composite
aerogels demonstrated good performance in electrochemistry, the weak
mechanical strength still limited its further applications.

Cellulose is considered inexhaustible on account of widespread
presence in plants and organisms, the global production of cellulose
reached 75-100 billion tons (Liu et al., 2020). Cellulose fibers generally
contain cellulose nanocrystals, elementary fibers and nanofibers, which
could be extracted by mechanical/chemical methods. Among them, the
cellulose nanofibers (CNF) possess excellent mechanical properties
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