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a b s t r a c t

The rising demand for high-performance energy storage devices calls for cost-effective electrode ma-
terials with large working potential windows, high specific capacities, and rapid rate capability. Herein,
we propose a facile molten-salt-mediated production of ultrathin carbon nanosheets with tunable ni-
trogen doping using low-cost precursors including asphalt and melamine. The as-obtained nitrogen
doped slim carbon nanosheets (NSCN) constructed through this easy and effective in-situ method offer
both high specific capacity and excellent cycling stability. Specifically, a specific capacity of 848 mAh g�1

after 800 cycles at 1 A g�1 and 214 mAh g�1 after 1500 cycles at 1 A g�1 were achieved for lithium and
potassium storage, respectively. The excellent electrochemical performances benefit from the synergistic
effect of structural merits including ultra-thin nanosheet, nitrogen doping, high disorder degree and
large specific surface area. Meanwhile, it also provides an avenue for realizing the value-added utilization
of heavy oil in an alternative field.

© 2020 Elsevier Ltd. All rights reserved.
1. Introduction

With the rapid development of economy and the large con-
sumption of limited fossil fuels, the high-performance and low-cost
energy storage devices are urgently needed to promote the prac-
tical utilization of renewable energy. Due to the advantages of high
energy density and long cycle life, lithium ion batteries (LIBs) have
become one of the most promising power sources and have
aroused wide public attention in academia and industry[1e3]. In
addition, another kind of alkali metal, potassium, has attracted
extensive attention due to its similar redox potential to lithium
(Liþ/Li ¼ 3.04 V vs SHE, Kþ/K ¼ 2.93 V vs SHE) [4,5]. While many
materials are difficult to meet the requirements of Kþ intercalation
and deintercalation derived from its exaggerated atomic radius
(1.38 Å) [6], the search for applicable materials of K-ion storage
gradually becomes a significant part of the research of potassium
ion batteries.

Recently, carbonaceous electrode materials have been widely
studied to promote their practical applications [7e10]. Graphite
that is currently commercially available has a low theoretical spe-
cific capacity (372 mAh g�1) for lithium storage, which restricts its
use in high-power and large-scale energy storage and fails to meet
the growing demand [11,12]. In order to improve the situation, it is
necessary to develop and design an alternative kind of high-
performance carbon material. As a result, various carbon mate-
rials including carbon nanotubes [13], graphene [14] and carbon
nanofibers and their composite materials [15e17] were studied,
especially heteroatom doped carbon materials [18]. Heteroatoms
like B, N, P, O or S doped and co-doped into the carbon skeleton can
adjust the electronic structure [19e21], and increase the reactivity,
as well as modulate the microstructure for enhanced electro-
chemical performance for Li-ion and K-ion storage [22e24].

Among these heteroatoms, nitrogen is reasonably attractive
owing to its relatively higher electronegativity (nitrogen 3.0, carbon
2.5) [25e27], smaller atomic diameter, and additional free electrons
that can play an important role in the carbon conductive band.
Moreover, the nitrogen doping will also adjust electronic structure
and bring more vacancy defects, which generates more active sites
between interaction process of alkali metals and nitrogen-rich
carbon to improve ion storage performance [28,29]. Especially,
the two-dimensional (2D) carbon nanostructures, like nitrogen-
doped graphene and carbon nanoflakes, have arouse wide
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attention worldwide due to open structure, adequate interface
contract with electrolytes, and rapid electron transport [30e34]. In
addition, the dominant capacitance surface drive mechanism
revealed by kinetic analysis further emphasizes the enhancement
of electron/ionic conductivity by nitrogen doping[35]. Although
remarkable progress has been made in nitrogen doped high-
performance carbon anodes in recent years, it is still necessary to
explore a green and scalable route for preparing nitrogen-doped
carbon anodes for pseudocapacitive lithium and potassium stor-
age [36e38].

Therefore, in this paper, a simple and convenient molten salt
method was developed to generate ultra-thin nitrogen-doped
carbon nanosheets with melamine and asphalt as the nitrogen
source and carbon precursor, respectively. It is worth mentioning
that the use of KCl-CaCl2 molten salt with a melting point of 600 �C
can provide stable and uniform reactive liquid environment. The
unique reaction media as well as the deliberately introduced ni-
trogen source can effectively enhance amorphous degree of
asphalt-derived carbon, thus enlarging its interlayer spacing and
providing more active sites and defects. The nitrogen doped slim
carbon nanosheets (NSCN) were electrochemically tested as anode
materials in LIBs and KIBs, and the results showed that it has the
expected ultra-high reversible capacity and rate capability, which
can be attributed to its unique microstructure. This work provides
insights into the role of nitrogen doping in enhancing both ultra-
high specific capacity and stability of carbon materials for high-
performance lithium and potassium storage.

2. Experimental

2.1. Materials

Petroleum asphalt was obtained from China Petrochemical
Corporation (SINOPEC) as a precursor. Melamine (C3H6N6, AR),
Potassium chloride (KCl, AR) and Calcium chloride (CaCl2, AR) were
purchased from MACKLIN.

2.2. General procedure for synthesis of NSCN

Typically, petroleum asphalt (0.5 g), melamine (0.25, 0.5 and
1 g), and the eutectic molten salt (10 g) of KCl/CaCl2 (mass ratio 2:1)
were premixed in an agate mortar. The above mixture was ball-
milled for 30 min by planetary ball mill at a rotation speed of 800
r min�1, and the uniform brown powder was collected. Then, the
mixture was calcinated under N2 to 800 �C (5 �C min�1) for 2 h.
After cooling to ambient temperature, the resultant simples were
soaked totally in 1 M HCl solution to remove salts, and then filtered
by the deionized water and desiccated under 60 �C for 12 h. The
purposed products were labeled as NSCN-x at the mass ratio of
melamine to petroleum asphalt (x ¼ 0.5, 1, 2).

To verify the synergistic effect of melamine and molten salts,
samples without the molten salts were named as the petroleum
asphalt-base nitrogen-doped carbon material (PANC), samples
without melamine were named as the molten salt template-
obtained carbon material (MSC), and samples without the molten
salts and melamine were named as the petroleum asphalt-base
carbon material (PAC), respectively.

2.3. Materials characterization

The Hitachi S-4800 was used to present by scanning electron
microscopy (SEM) for the morphologies of the carbon samples. The
JEM-2010 system was used to measure the Transmission electron
microscopy (TEM). The Shimadzu SPM-9700 was used to charac-
terize atomic force microscopy (AFM) for the topographic data. The
X’Pert PRO MPD diffractometer using Cu Ka radiation was used to
characterize the X-ray diffraction (XRD) and the Renishaw RM2000
(512 nm laser) was used to investigate Raman for the crystallinity.
The Micromeritics 3 Flex analyzer was used to measure specific
surface area (SSA) and pore properties by the adsorption/desorp-
tion of N2 of the Brunauer-Emmet-Teller (BET)method. The Thermo
Scientific ESCALAB 250XI spectrometer (Al Ka radiation) was used
to detect X-ray photoelectron spectroscopy (XPS) for chemical
composition.

2.4. Electrochemical measurements

In a typical process, active materials, super-P, and poly-
vinylidene difluoride (PVDF) (8:1:1 wt%) were mixed evenly. Next,
the mixture was coated onto Cu foil and desiccated in a vacuum
oven at 80 �C for 12 h. The areal loading amount of carbon was
0.9e1.4 mg cm�2. To assemble the Li-ion and K-ion half cells in an
argon-filled glovebox, polypropylene film and lithium metal piece
were used as the diaphragm and the counter electrode for LIBs,
respectively. Similarly, the glass fiber and potassium foil were used
for KIBs. The electrolyte was comprised of 1 M LiPF6 and 0.5 M KPF6
in ethylene carbonate (EC) and dimethyl carbonate (DMC) (1:1 vol
%) for LIBs and KIBs. The Land CT2001A battery tester was used to
performed the galvanostatic charge/discharge cycles and rate per-
formances in the voltage range of 0.01e3 V. The CHI760D electro-
chemical workstation was used to measured cyclic voltammetry
(CV) and electrochemical impedance spectroscopy (EIS) measure-
ments, which the CV curves were scanned at 0.2 mV s�1 between
0.01 and 3 V and the EIS plots were recorded at 0.01 Hz to100 kHz
frequency range.

3. Result and discussion

The synthetic process of the nitrogen-doped hierarchical carbon
nanosheets is presented in Scheme 1 using a facile, adjustable and
cost-effective approach. First, petroleum asphalt, melamine, and
mixed salt of KCl and CaCl2 were fully grounded in the planetary
ball mill. Subsequently, the mixture was directly pyrolyzed in an
inert atmosphere. In this process, the resulting carbonmaterial was
laminated due to the role of molten salt and nitrogen atoms from
the pyrolysis of melamine were incorporated into the carbon
skeleton. After a simple washing step for salt removing, the final
product was received. During the process of pyrolysis, the mel-
amine was first condensed into to g-C3N4, then the g-C3N4 was
further pyrolyzed into provide active species for nitrogen doping.
As shown in Table S1, the NSCN show a higher carbon yield than
that of other products so the carbon in g-C3N4 may partially enter
the final products. In addition, the molten salt reduces the g-C3N4
synthesis temperature and shortens the reaction time. More spe-
cifically, g-C3N4 can be formed at a temperature as low as 400 �C (as
shown in Fig. S1). As a consequence, we believe that this two-
dimensional ultra-thin defect-rich carbon nanosheets were pro-
duced during the carbonization process due to the synergistic effect
of melamine and molten salt.

The SEM and TEM images of the NSCN were displayed in Fig. 1.
Compared to the blocky structure of PAC (Fig. S2), the SEM
(Fig. 1aec) and TEM (Fig. 1def) images of the NSCN clearly exhibit a
unique sheet-like nanostructure with the wave-like morphology
and wrinkle. However, there are some differences between them
caused by the added amount of melamine. More specifically, NSCN-
0.5 shows the interlinked and disordered sheets full of bumps and
hollows. With the nitrogen content increasing, both NSCN-1 and
NSCN-2 possess the stacking of ultra-thin nanosheet structure, and
NSCN-1 shows smooth and light as a crumpled silk (Figs. 1b, 2a-c).
By contrast, NSCN-2 displays a thicker sheet-type morphology, and



Scheme 1. Illustration of the preparation process of NSCN.

Fig. 1. (a-c) SEM and (d-f) TEM images of NSCN-0.5 (a, d), NSCN-1 (b, e) and NSCN-2 (c, f).
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these nanosheets are slightly clustered. Meanwhile, it also offers
the microporous structure. This will be verified in subsequent ni-
trogen adsorption and desorption tests.

Fig. 2aec reveals the microcosmic appearance of NSCN-1 by the
SEM and TEM in detail, there are hierarchical graphene-like lamella
folded into various shapes with numerous defects in NSCN-1. In
addition, the high-resolution transmission electron microscope
(HRTEM) image (Fig. 2d) further indicates the lamellar thickness of
NSCN-1 is about 4 nm, which is consistent with the result charac-
terized by AFM of ~3.8 nm (Fig. 2e). The selected area electron
diffraction (SAED) pattern (the insert in Fig. 2d) exhibits the (100)
and (002) diffraction rings of amorphous nanostructure. Mean-
while, the EDS analyses (Fig. 2f) reveal the existence of C, O and N
elements and the even distribution of N element throughout the
carbon skeleton.

Futhermore, the elemental composition and relative content of
the NSCN are proved by the full scan XPS (Fig. 3a) [39], which shows
three peaks centered at binding energies of ca. 284.6 eV, 401.0 eV
and 532.0 eV are assigned to C 1s, N 1s and O 1s, respectively [40].
With the addition of melamine content, the peak intensity of ni-
trogen is increased significantly. The nitrogen content of NSCN is
listed in Table S2 which depends on the amount of melamine, and
the nitrogen content of NSCN-1 is 3.74 wt%. Moreover, on the basis
of chemical state of doped N atoms, the N 1s peak of NSCN-1 could
be divided into three main peaks, i.e. in Fig. 3b, including pyridinic
N (397.9 eV), pyrrolic N (400.1 eV), and quaternary N (403.8 eV)
[41,42]. In detail, the percentage of the nitrogen bonding configu-
rations can be obtained from the integral area and the calculated
content of pyrrolic N is 61.1%, much higher than that for pyridinic N
(18.8%) and graphitic N (20.1%). The N 1s peaks of NSCN-0.5 and
NSCN-2 are shown in Fig. S3. Pyridinic N and pyrrolic N can
improve the surface charge distribution of carbon lamella and bring



Fig. 2. (a-d) SEM, TEM and HRTEM images of NSCN-1, (e) AFM image of NSCN-1 and inset is the height distribution of the selected area, (f) SEM image of NSCN-1 and the cor-
responding energy dispersive spectroscopy (EDS) element mapping of (f1) C, (f2) O and (f3) N elements. (A colour version of this figure can be viewed online.)

Fig. 3. (a) XPS spectra of the NSCN, (b) high-resolution XPS spectrum of N 1s in the NSCN-1. (A colour version of this figure can be viewed online.)
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local electron deficiency, which are reasonably conducive in ion
diffusion kinetics and lithium/potassium storage by surface
adsorption [43].

The physical microstructures of NSCN are further confirmed by
XRD and Raman spectroscopy. Fig. 4a shows awide diffraction peak
at ~25�and a less dramatic peak at ~43� in NSCN, which can
correspond to the (002) and (100) planes of graphitic carbon
[44,45]. The weak and broad peaks of NSCN reveal a disordered
structure. Furthermore, the interplanar spacings (d002) can be
calculated by the Bragg’s law, of which NSCN-0.5, NSCN-1 and
NSCN-2 are 0.364 nm, 0.372 nm and 0.356 nm, respectively. All d002
values of NSCN are much larger than that (0.349 nm) of bulk



Fig. 4. (a) XRD patterns, (b) Raman spectra, (c) N2 adsorption and desorption isotherms and (d) pore size distribution of NSCN. (A colour version of this figure can be viewed online.)
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petroleum asphalt, accounting that melamine and molten salt have
obvious intercalation effect on the graphite layer spacing, which is
in favor of the lithium/potassium ion reversible diffusion. G-band
around 1590 cm�1 and D-band around 1346 cm�1 shown in the
Raman spectra (Fig. 4b) correspond to the sp2 carbon and sp3 car-
bon [46]. Therefore, the intensity ratio (ID/IG) is a credible indicator
of the carbon defect and disorder degree. The ID/IG values of the
NSCN-0.5 (1.26), NSCN-1 (1.21) and NSCN-2 (1.34) are evenly
higher than those of MSC (0.87) and PAC (0.81) (Fig. S4), confirming
the considerably disordered carbon microstructure of the NSCN.
The data elucidates that the enhancement of melamine can sub-
stantially increase the defect degree of the material. Additionally,
the intensity of the two peaks in NSCN-0.5 and NSCN-2 are stronger
than that in NSCN-1, illustrating that NSCN-1 exists a lower degree
of disorder. Generally, a appropriate amorphous features favor the
insertion/extraction of lithium ions, however, excessive amorphous
characteristics weaken the bonding with lithium ions, resulting in
lower specific capacity [47]. The data of d002 and ID/IG of all samples
are shown in Table S1.

As stated, nitrogen-doped carbon nanostructure can generate a
large amount of defects and vacancies which can elevate the active
sites [26]. In order to further characterize the porosity changes of
NSCN, N2 adsorption-desorption analysis was performed. Fig. 4c
describes the nitrogen adsorption and desorption isotherms with a
type IV features [48]. The SSA and pore volume of NSCN are sum-
marized in Table S1. Furthermore, there is a marked growth trend
about the SSA for NSCN-0.5, -1 and -2 (38, 126 and 984 m2 g�1)
originated from nitrogen-doped system, much larger than that of
PAC (4 m2 g�1), confirming that the increase of nitrogen dopants
facilitates the formation of porous structure. Such hierarchical
porous structure of NSCN-1 with micropores and mesopores can
provide abundant active sites and improve the diffusion of Liþ/Kþ

[49]. The pore size distribution curves in Fig. 4d demonstrate that
there are a large amount of micropores in NSCN-0.5 and NSCN-1
(0.5-2 nm). In addition, more mesopores are emerged in NSCN-2.
During the charging/discharging process, Liþ/Kþ preferably
residing in the pores rather than on the layers relatively decreases
the volume change [50]. Nevertheless, the existence of over-
abundant porous structure and excessively largemicropore volume
(0.98 cm3 g�1) in NSCN-2 would cause the lengthened ion diffusion
path and consume more Liþ/Kþ in the electrolyte during the for-
mation of a stable solid electrolyte interphase (SEI) [51].

The as-made materials were evaluated for lithium storage in a
half-cell configuration. The electrochemical performances of these
carbons are presented in Fig. 5. Fig. 5a measures the initial three
cycles of the NSCN electrode in LIBs. The CV curves exhibit that the
reduction peaks around 0.8-1 and 1.5 V at first cycling disappear at
subsequent cycles, which is attributed to the formation of SEI film
resulting in irreversible capacity loss [21]. The two broad oxidation
peaks at ~0.2 and ~1.2 V for all these samples are related to the
lithium ion reversible insertion/deintercalation. Furthermore,
subsequent CV curves coincide perfectly, indicating a good
reversibility of electrodes. However, an irregular anodic peak noted
at ~2.3 V in the first anodic scan curves of NSCN-0.5 and NSCN-2
may be related with the Liþ deintercalation from the interface
active sites [52]. In the following cycles, the small peak at ~2.3 V
vanishes and almost completely reversible charge and discharge
process is established from the second lap. The charge-discharge



Fig. 5. (a) CV curves, (b) galvanostatic discharge-charge profiles of NSCN-1 at a current density of 100 mA g�1, (c) Nyquist plots, (d)rate performance and (e) cycling performance at
a current density of 1 A g�1 of NSCN. (A colour version of this figure can be viewed online.)
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profiles of NSCN are as shown in Fig. S5b, d and Fig. 5b, the as-
obtained NSCN-1 delivers an initial discharge and charge specific
capacity of 1653 and 964 mAh g�1, indicating the highest initial
Coulombic efficiency (ICE) of 58% among the samples, followed by
NSCN-0.5 (48%) and NSCN-2 (50%). Although relatively low ICE and
large irreversible capacity are common phenomena for carbon-
based materials due to the existence of SEI film, the fact that
NSCN-1 shows a higher ICE may be due to that the unique structure
of N functionalities acting on nanosheet restrict the formation of
the SEI film (as shown Table S3) [53].

EIS measurements between the frequency of 100 kHz and
0.01 Hz are conducted to demonstrate enhancement of the elec-
trode conductivity. As shown in Fig. 5c, the smaller semicircle re-
flects higher conductivity of NSCN-1 on account of a lower charge
transfer resistance compared to NSCN-0.5 and NSCN-2, indicating a
faster Li-ion insertion kinetics. Moreover, the steeper long tail of
low frequency is related to the lower resistance of the SEI film. The
result further signifies that the 2D carbon nanosheets with disor-
dered structure and high SSA are beneficial to lithium-ion insertion
or extraction and the charge transfer reaction.

Furthermore, the NSCN exhibit excellent rate performances. As
shown in Fig. 5d, electrochemical cycling performances of NSCN at
various current densities (0.1-10 A g�1) were investigated. The
NSCN-1 anode also delivers the highest specific capacity among the
as-prepared samples with 807, 702, 593, 507, 405, 306, and
231 mAh g�1 at current densities of 0.1, 0.2, 0.5, 1, 2, 5, and 10 A g�1,
respectively. However, NSCN-1 has higher capacity decay rate than
NSCN-0.5 at high current densities. It may be due to that the larger
SSA causes a faster electrode chemical reaction speed and a lower
active material utilization rate [24]. Moreover, the capacity returns
to 780 mAh g�1 after the current density drops to 0.1 A g�1, giving a
high capacity retention (96.8%). Fig. 5e displays the cycling stability
of NSCN-1, which exhibits excellent specific capacity of 848 mAh
g�1 after 800 cycles at 1 A g�1. By contrast, PAC, MSC (Fig. S6),
NSCN-0.5 and NSCN-2 retain lower specific capacities of 237, 631,
687 and 442 mAh g�1 after 800 cycles at 1 A g�1, indicating that the
reasonable degree of nitrogen doping can effectively increase
electrochemical performance. A remarkable characteristic of the
NSCN electrodes occur that the capacities gradually increase with
further cycling. And this phenomenon is much common for carbon
material anodes, which may be due to that the excellent nano-
structure with relatively large SSA and reasonable porosity is highly
accessible for lithium ions to thus provide extra Liþ storage capacity
[54e56]. Such an excellent cyclability of heteroatom-doped carbon
anodes is superior to many previously reported carbonaceous
electrodes (Table S3), and the overall results well demonstrate that
the choreographed nitrogen-doped ultrathin carbon nanosheets
have extraordinary potential with enhanced lithium storage.

Furthermore, the electrochemical performance of NSCN-1 as the
anodes of KIBs is tested. Fig. 6a shows the CV curves of first three
cycles at 0.2 mV s-1. Apparently, two small peaks were observed at
0.5 and 2.3 V during the first cycle, which correspond to Kþ inter-
calation/deintercalation position [57]. Moreover, a strong redox
peak occurs on 0.5-0.7 V, which is principally attributed to the
formation of SEI film and the reactions of surface functional groups
with potassium, and this peak disappears in the following cycling
[58]. Similar to LIBs, NSCN-1 reveals a relatively stable SEI film and
favourable cycle performance for KIBs. Fig. 6b shows the voltage/
capacity curves of NSCN-1 electrode for initial three cycles at 0.1 A
g-1. NSCN-1 delivers a higher inital discharge specific capacity
(2158 mAh g-1) but unsatisfied initial Coulomb efficiency (16.7%),
which due to the intercalation reaction of Kþ during the first
charge/discharge process [59]. Besides, a gentle slope appears
around 1 V but disappears in the subsequent loop. As indicated, the
irreversible decomposition of the electrolyte is gradually alleviated
and inhibited, which is essential to ensure subsequent stable
cycling [60]. In addition, the long cycling performances of NSCN-1
is shown in Fig. 6c. As described above, NSCN-1 has quite good



Fig. 6. (a) CV curves and (b) galvanostatic discharge-charge profiles at a current density of 100 mA g�1;,(c) cycling performance at a current density of 1 A g�1 and (d) rate
performance of NSCN-1. (A colour version of this figure can be viewed online.)
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retention rate at high current densities, even the discharge specific
capacity keeps 214 mAh g-1 at 1 A g-1 after 1500 cycles, indicating
NSCN-1 anode achieves reasonably excellent cycling stability for
KIBs. Fig. 6d demonstrates that the rate capacity of NSCN-1 at the
different current densities, the electrode obtains the reversible
capacities of 318, 232, 201, 185, 165, 144 and 128 mAh g�1 at 0.1, 0.2,
0.5, 1, 2, 5 and 10 A g�1, respectively. Beyond that, the capacity
returns to 231 mAh g�1 after the current density drops to 0.1 A g�1.
Therefore, NSCN-1 exhibits enormous potential as the anode of
high-performance KIBs.

To further investigate the charge storage mechanism for the
NSCN-1 electrodes, CV measurements were conducted at unequal
sweep rates from 0.2 mV s�1 to 2.0 mV s�1 in LIBs (Fig. 7a) and KIBs
(Fig. 7e). It is a remarkable fact that the peak current (i) at a spec-
ified potential is not proportional to the square root of the scan rate
(v), revealing that the redox process of the electrodes is not merely
the ion-diffusion control process [61,62]. Generally, the corre-
sponding peak current varies with the sweep rate following the
equation:

i (v) ¼ avb (1)

log i (v) ¼ log a þ blog v (2)

According to reported researches, the parameter b can be ob-
tained by means of linearly fitted from log (i) versus log (v), which
determines whether existence of pseudocapacitive behavior during
the during charge and discharge cycles [63,64]. A b value of 0.5
means that the electrode materials behave as battery property;
while the b value is greater than or equal to 1, illustrating that i (v)¼
av and the response peak current varies linearly with the scan rate,
which represents the ideal capacitive behaviour [65]. As shown in
Fig. 7b and f by drawing the appropriate lines of log (i) and log (v) at
varies potentials of the reduction process, a range of b values cor-
responding to different voltages larger than 0.75 are obtained for Li/
K storage, confirming an evident pseudocapacitive contribution for
the NSCN-1 electrode. Moreover, charge storage contribution rate
can be calculated via Dunn’s method as follows:

i (V) ¼ icap þ idiff ¼ k1 v þ k2 v
1/2 (3)

By rearranging eq (3) to:

i (V)/ v1/2 ¼ k1 v
1/2 þ k2 (4)

the k1 and k2 values can be determined from fitting the linear of
i(V)/v1/2 and v1/2 easily. In consequence, the capacitive current can
be calculated through the formula of icap(V) ¼ k1v, which could
obtain the percentage in total current. As shown in Fig. 7c and g, it is
discovered that approximately 78% capacity in LIBs and 74% ca-
pacity in KIBs derive from pseudocapacitance contribution at a scan
rate of 1 mV s�1 for the NSCN-1. Moreover, the pseudocapacitive
contributionwas indicated to be related to scan rate and raises with
increased sweep rates in both LIBs and in KIBs (Fig. 7d and h). The
obvious pseudocapacitive behavior is generally due to the large SSA
caused by ultra-thin nanostructure which facilitates the adsorption



Fig. 7. CV curves of NSCN-1 at different scan rates in (a) LIBs and (e) KIBs; b values plotted against battery potential of NSCN-1 for cathodic scans in (b) LIBs and (f) KIBs. The insets
are the current responses plotted against scan rates of NSCN-1 at various potentials; Capacitive contribution to the reduction process at the scan rates of 1 mV s�1 marked by the
shaded region in (c) LIBs and (g) KIBs; Percentage of capacitive contributions at different scan rates for the NSCN-1 electrode in (d) LIBs and (h) KIBs. (A colour version of this figure
can be viewed online.)
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of more charge on the carbon surface.
According to the aforementioned discussions, the excellent

electrochemical performances of the choreographed ultrathin car-
bon nanosheets, including the outstanding cycling stability, large
specific capacity and rate capability, can be attributed to the com-
bined effects of the following factors. Firstly, the ultrathin 2D car-
bon nanosheets possess large interlayer space, expose abundant
active sites and provide short ionic diffusion path, which are
conductive to the insertion and extraction of ions [24,66]. Secondly,
the outer nitrogen-riched nanostructures play a key role in
enhancing the substantial defects and exposing large quantities of
active sites. The reason is that the highly wrinkle surface could
prevent the restacking of these nanosheets when aggregated into
electrode architecture [67,68], which will permit the active sites to
be effective in practical applications. In addition, the charge is more
likely to gather around vacancy defects in NSCN, thereby improving
Liþ and Kþ adsorption capacity and increasing electronic conduc-
tivity [69]. Moreover, the pseudocapacitance effect also contributes
significantly to the improvement of the extra Liþ/Kþ storage as
previously mentioned.
4. Conclusions

In summary, we demonstrated a facile molten-salt-mediated
production of ultrathin carbon nanosheets with tunable nitrogen
doping using low-cost precursors including asphalt and melamine.
In this process, melamine was used as both nitrogen source and in-
situ template, which would react with the molten salt and simul-
taneously generate the ultrathin 2D amorphous carbon nanosheets
during carbonization. The N-doped 2D carbon structure with
increased interlayer distance, high disordered degree and effective
active surface results in significant improvement for Liþ/Kþ storage
and migration. When applied as negative electrodes for LIBs and
KIBs, NSCN-1 offers superior rate capability and ultra-long cycling
life and high specific reversible capacity of 848 mAh g�1 after 800
cycles and 214 mAh g�1 after 1500 cycles at 1 A g�1, respectively.
Moreover, this work not only provides a universal and well-
designed route for the synthesis of hierarchical carbon
nanosheets, but also achieves the construction of the
pseudocapacitive-capable Liþ/Kþ anodes with outstanding specific
capability, rate capability and cycling stability.
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