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Sieving carbons reconfigure non-graphitic carbons for practical

sodium batteries

Xueliang Sun

For alkali metal-ion batteries, carbon
materials are always regarded as the most
promising anodes for commercialization,
as is seen in the history of lithium-ion
batteries (LIBs). The success of graphite
anodes in LIBs indicates the impor-
tance of low-potential charge/discharge
plateaus (LPPs) for achieving high
energy density [1]. As the counterpart
to LIBs, sodium-ion batteries (SIBs) are
showing great potential for large-scale
energy-storage applications, owing to
the natural abundance and low cost of
sodium resources. In SIBs, some types
of non-graphitic carbons are reported to
deliver LPPs similar to those of graphite
in LIBs [2]. However, challenged by the
variable and complicated microstructure
of non-graphitic carbons, strategies to
produce and reversibly extend their LPPs
remain unclear and this inevitably im-
pedes the rational design of non-graphitic
carbon anodes for practical SIBs.

Li et al. recently represented a con-
ceptual advance for designing sieving
carbons (SCs) by reconfiguring non-
graphitic carbons, and achieved extensi-
ble and reversible LPPs of SC anodes in
SIBs [3]. Similar to the lessons learned
from the graphite anode in LIBs, the ra-
tional design of SCs have taken both
the interfacial electrochemistry and elec-
trode chemistry into careful considera-
tion. Closed nanopores of non-graphitic
carbons are believed to be crucial to the
emergence of LPPs [4-9]. As vividly de-
picted in Fig. 1, if the specific surface area
obtained by N, adsorption is large, the
capacity originating from the LPP is neg-
ligible. In contrast, if the specific surface
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Figure 1. The correlation between the specific
surface area obtained by N, adsorption and the
capacity from the LPP. Inset: the relative loca-
tion of SEl to the nanopores. SEl is drawn as a
laurel-green irregular shape.

area obtained by N, adsorption is very
low, indicating that its pore entrance di-
ameter is <0.4 nm, a large portion of
the reversible capacity comes from the
LPP. Li et al. provided the scientifically
important understanding on this interest-
ing trend and revealed that the solid elec-
trolyte interphase (SEI) hardly forms in-
side nanopores when the pore entrance
is tightened (<0.4 nm), as evidenced by
the ex situ small-angle X-ray scattering.
In addition, with detailed studies, they
explained the reason why the tightened
pore entrance contributed to not only
the significantly increased initial coulom-
bic efficiency but also the production of
LPPs.

With unprecedented theoretical and
spectroscopic results of SCs as the model
anodes, Li et al. have systemically clarified
the electrode chemistry, especially re-
garding the sodium-storage mechanism

related to the LPPs. This has been a
hotly debated topic for years. Li et al.
have shown that bare sodium ions first
adsorbed on the defective pore surface
and aggregated to finally form the quasi-
metallic sodium clusters inside closed
nanopores. Since the LPP originates from
the formation of sodium clusters, the ca-
pacity from LPP is proposed to be pro-
portional to the total transferred charges
of the sodium-clustering process—that
is, the product of average transferred
charge per clustered sodium atom and
the number of clustered sodium ions in a
unit mass of the SC. This can be obtained
from 2>Na ssNMR results, as shown in
Fig. 2a and b. An approximately linear
correlation between the specific surface
area in SCs and the plateau capacity
was revealed, leading to a record-high
plateau capacity of 400 mAh g~'. How-
ever, a relatively small pore body diame-
ter (<2.0 nm) was needed to avoid the
formation of metallic sodium and guar-
antee the reversibility of the LPPs, which
increases the cycling life of sieving car-
bon anodes. It is worth noting that soft
carbons can also be used to prepare SCs
with long and reversible LPPs; this is not
limited to hard carbons as tradition-
ally believed. It is the sieving pore en-
trance, together with highly developed
nanopores, that produce and reversibly
extend the LPPs of SC anodes. This is an
innovative and fundamental understand-
ing for non-graphitic carbon anodes,
which could inspire more rational carbon
designs for high-performance SIBs.

The tunable nanostructure of SCs in-
dicates the possibility to further increase
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Figure 2. (a) Ex situ?*Na ssNMR spectra of different SCs at 0.005 V for the first discharge. (b) The
approximately quantitative relationship between the capacity from the LPP and the product of the
ZNa chemical shift and integral signal area of the sodium cluster.

the capacity originating from the LPPs.
Therefore, it is worthwhile to explore
whether there is an upper limit of the re-
versible capacity for SC anodes in SIBs
(must be <1166 mAh g, the theo-
retical capacity of sodium metal). Both
careful theoretical simulations and pore
structure designs are needed to provide
a plausible explanation. Moreover, what
if SC anodes are matched with solid
electrolytes? Will the sodium-clustering

process still occur and how will it be
different from that in the liquid elec-
trolytes? How will the nanoporous struc-
ture of SCs determine the physicochemi-
cal properties of sodium clusters?

To some extent, SCs represent the
future of non-graphitic carbons in alkali
metal-ion batteries. SCs are not only
critical for accelerating the commercial-
ization of SIBs as practical anodes, but
also offering a tunable and ideal model

Page 2 of 2

carbon to understand the interactions
between alkali metal ions and non-
graphitic carbons.
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