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In this contribution, we present a novel and rational strategy for preparing hierarchical porous 

CNTs@NCS@MnO2 core-shell composite via a facile in situ chemical polymerization coating 

method, followed by a hydrothermal process. The intermediate nitrogen-doped carbon shell 

(NCS) with mesoporous structure and favorable chemical durability is obtained by utilizing 

resorcinol-formaldehyde resin as carbon source and L-cysteine as nitrogen source, 

respectively. Benefiting from unique structure and considerable combination, the composites 

possess high comprehensive electrochemical performance: high specific capacitance (312.5 F/g 

at a current density of 1 A/g), good rate capability (76.8 % retention with charge-discharge rate 

increasing from 1 A/g to 10 A/g), superior reversibility and cycling stability (92.7% 

capacitance retention after 4000 cycles at 8 A/g). In order to increase the energy density and 

voltage window, an asymmetric supercapacitor (ASC) was assembled using 

CNTs@NCS@MnO2 and activated carbon (AC) as the positive and negative electrodes, 

respectively. The as-fabricated asymmetric supercapacitor achieved a high specific capacitance 

with a stable operational voltage of 1.8 V and a maximum energy density of 27.3 Wh/kg. Such 

a synthetic route to prepare the capacitor materials can thoroughly motivate the synergistic 

effect between electrical double layer capacitors and pseudocapacitors for obtaining high 

comprehensive performance electrode in energy storage fields. 

1. Introduction 

Supercapacitors, possessing a range of favorable characteristics 

such as high power density, fast delivery rate and long cycle 

life, are emerging as one of the most promising energy storage 

to meet the tremendous increase in resource consumption in 

modern society.1–5 Typically, supercapacitors can be classified 

into two major types depending on the charge-discharge 

mechanism: electrical double layer capacitors (EDLCs), whose 

charges are adsorbed electrostatically on the 

electrode/electrolyte accessible surface, are typically based on 

carbon materials; pseudocapacitors, such as conducting 

polymers and transition metal oxides, stores energy by utilizing 

fast and reversible faradaic reaction at the electrode interface. 6–

8 Today, with the large proliferation of consumer electronics, 

advanced supercapacitors with higher energy density and 

operating voltage are urgently required for practical 

applications.9–12 Among the recent energy storage technologies, 

developing and fabricating asymmetric supercapacitors, which 

can integrate appropriate electrode materials in complementary 

windows to increase the cell voltage, is an effective approach to 

meet the current demands.13–17 

As one of the most attractive pseudocapacitive materials, 

MnO2 has been extensively studied due to its significant 

superiorities such as reasonable cost, low toxicity and high 

theoretical specific capacitance (1370 F/g).18–22 However, its 

poor electrical conductivity cannot support fast electron 

transport towards high rate capability, thus limiting the wide 

application. In order to improve the performance of MnO2 

electrode, two major strategies have been proposed to enhance 

its conductivity and capacitance. The first one is to synthesize 

nanostructured MnO2 electrode with desirable architecture and 

high surface area.23,24 The second method is to hybridize MnO2 

with conductive carbon-based materials.25–28 In general, this 

kind of MnO2/conductor composites exhibit better 

electrochemical performance compared to the pristine MnO2 

material owning to the positive effect of carbon-based materials, 

which can efficiently minimize the equivalent series resistance 

and further improve the power density of the composites.21,29–31 

With regard to carbon material, CNTs, with inspired features of 

excellent electrical conductivity, high mechanical strength and 

chemical stability, are often selected as a suitable substrate for 

MnO2 deposition.32–35 In addition, it is feasible and cheap to 

obtain hybrid materials by combining MnO2 and CNTs based 

on the redox reaction: 4KMnO4 + 3C + H2O = 4MnO2 + 

2KHCO3 + K2CO3.
36–38 By this procedure, MnO2 

nanostructures can be well incorporated into carbon matrix, 

which can remarkably enhance its electrical conductivity.39–41 
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However, the limited accessible surface and micro-size pores of 

CNTs restrict the direct usage and the maximum mass loading 

of MnO2 in a given area.42,43 Moreover, it is difficult to prepare 

a highly conductive CNTs network due to the presence of a 

pseudo material layer between CNTs.44,45 To solve this problem, 

a facile combination of CNTs and porous carbon has been 

presented to develop thick free-standing and 

mechanically/chemically stable conductive networks for MnO2 

deposition. In addition, it has been revealed that electrical 

properties of carbon-based supercapacitors could be improved 

through internal or surface doping of heteroatoms (such as N or 

S), resulting in enhanced specific capacitance. This it because 

carbon-based materials are beneficial due to their high surface-

to-volume ratios and reduced transport lengths for both mass 

and charge transport in the field of electrochemical energy 

storage.46–48 

Herein, with the aim of designing and assembling highly-

efficient asymmetric supercapacitors (based on MnO2 and 

CNTs), we developed a new and facile process to synthesize 

porous hierarchical CNTs@NCS@MnO2 composites, which 

can make full use of the electrical conductivity of the CNTs and 

also motivate a synergistic effect from a combination of NCS 

and MnO2 pseudo materials with tailored structure. The thick 

NCS shells, allowing highly areal density loading of MnO2, 

were obtained by a simple and low-cost in situ chemical 

polymerization coating method, utilizing resorcinol-

formaldehyde resin and L-cysteine as carbon and nitrogen 

source, respectively. With the aid of redox reaction between 

KMnO4 and carbon, MnO2 was coated uniformly with ultra-

thin nanopetals under hydrothermal conditions. This unique 

double-core-shell structure can provide high microporosity and 

good electrical conductivity and create a short diffusion path, 

which is responsible for fast charge and discharge process and 

long life time. Furthermore, we also developed a novel ASC 

device based on CNTs/NCSs/MnO2 as positive electrode and 

AC as the negative electrode in a Na2SO4 aqueous electrolyte. 

The electrochemical performance of this as-prepared ASC 

device has been systematically tested to confirm the practical 

applications in the fields of energy storage and conversion 

systems. 

2. Experimental Section 

2.1. Synthesis of the samples 

Synthesis of CNTs@NCS composites. In a typical procedure, 

0.1 g of CNTs were homogenously dispersed into 80 mL 

deionized water with the help of sonication for 6 h, followed by 

the addition of 0.25 g of L-cysteine, 0.553 g of resorcinol and 

0.25 mL ammonia. After stirring at 40 °C for 0.5 h, 0.6 mL of 

formaldehyde was added slowly into the suspension and 

maintained for another 6 h. The black product was then 

collected, purified and dried overnight. The CNTs@NCS 

nanotubes were obtained by the carbonization under high pure 

nitrogen atmosphere at 650 °C for 3 h. 

Synthesis of CNTs@NCS@MnO2 composites. The 

uniform growing of MnO2 nanosheets on the surface of NCS 

was conducted by dispersing certain amount of the 

CNTs@NCS into a Teflon-lined stainless autoclave containing 

a 0.01 M KMnO4 solution, which was subsequently maintained 

at 160 °C for 1 h. After cooling to room temperature, the 

precipitate was collected by centrifugation, washed with 

deionized water, and dried at 60 °C to obtain the final 

CNTs@NCS@MnO2 composites. For comparison, 

CNTs@MnO2 composite was prepared by directly putting 

certain amount of CNTs into KMnO4 solution under the same 

condition.  

Electrode preparation and electrochemical measurement. 
In single-electrode tests, a three-electrode system was used to 

measure electrochemical performance of CNTs@NCS@MnO2 

composites, where the CNTs@NCS@MnO2 electrode served as 

the working electrode, while a Pt wire and an Ag/AgCl 

electrode were used as the counter and a reference electrode, 

respectively. The working electrode was prepared by mixing 

CNTs@NCS@MnO2 with acetylene black and polyvinylidene 

fluoride (5 wt.% in N-methyl-2-pyrrolidone solvent) with a 

weight ratio of 8:1:1. After thoroughly mixing, the slurry was 

pressed into thin Ni foam by a rolling method and then dried at 

60 °C in a vacuum for 12 h. For the construction of an 

asymmetric supercapacitor device, CNTs@NCS@MnO2 

composites and activated carbon (AC) were respectively used 

as positive electrode and negative electrode (the preparation of 

the AC negative electrode was similar to that of 

CNTs@NCS@MnO2 electrode), and a porous polymer 

membrane separator was employed as the supercapacitor 

separator. In order to obtain the mass balance, the mass ratio 

between the AC and CNTs@NCS@MnO2 needs to follow: 

m+/m-=C-·V-/ C+·V+ . According to the capacitance values 

(164 F/g for AC and 280 F/g for CNTs@NCS@MnO2) 

calculated from the CV curves (Fig. S3) and the potential 

windows found for AC and CNTs@NCS@MnO2, the mass 

ration should be 1.8, which can make full use of positive 

material. All the tests were carried out at room temperature 

with a 1 M Na2SO4 aqueous solution as the electrolyte. The 

specific capacitance values of the electrode were calculated 

from galvanostatic charge-discharge curves according to the 

following equation: C = I∆t/m∆V, where I is the response 

current density, ∆t is the discharge time, m is the mass of the 

active materials on single electrode and total mass of the active 

materials on both the positive and negative electrode, ∆V is the 

potential range during the charge-discharge measurement. The 

energy density and power density of the asymmetric 

supercapacitor were calculated by following equations: E = 

Cm∆V2/2, P = E/∆t, where Cm is the specific capacitance of the 

asymmetric supercapacitor, ∆V is the maximum voltage 

applied during the charge-discharge measurement, and ∆t is the 

discharge time. 

2.2. Characterization 

Powder X-ray diffraction (XRD) measurements were 

performed on a Rigaku D/max TTR-III diffractometer at a 

scanning rate of 15° per min in the 2θ range from 10° to 80°, 

with graphite monochromatized Cu Kα radiation (λ = 0.15405 

nm). Images were obtained digitally on scanning electron 

microscope (SEM, JSM-6480A), transmission electron 

microscopy (TEM, FEI Tecnai G2 S-Twin) and high-resolution 

transmission electron microscopy (HRTEM). The X-ray 

photoelectron spectra (XPS) were recording on a VG 

ESCALAB MK II electron energy spectrometer using Mg KR 

(1253.6 eV) as the X-ray excitation source. N2 

adsorption/desorption isotherms were obtained on a 

Micromeritics ASAP Tristar II 3020 apparatus. Pore size 

distribution was calculated by the Barrete-Jonere-Halenda (BJH) 

method. The electrochemical properties was carried out by a 

CHI 666D electrochemical workstation. All of the 

measurements were performed at room temperature. 
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3. Results and discussion 

3.1. Phase, structure, composition and morphology 

 

Scheme 1 Schematic illustration for the preparation of 

CNTs@NCS@MnO2 composite.  

The synthetic strategy of CNTs@NCS@MnO2 nanohybrids is 

illustrated in Scheme 1. First, a thick layer of resins is 

uniformly coated on the surface of CNTs by in situ chemical 

polymerization of resorcinol-formaldehyde. In this process, the 

self-assembly of L-cysteine and RF, which were served as 

nitrogen and carbon source, can proceed in solution at 40°C. 

Afterwards, the carbonization from CNTs@NRF to 

CNTs@NCS was operated by annealing treatment in flowing 

N2. To this end, the CNTs@NCS was immersed into KMnO4 

solution with a temperature of 160°C under hydrothermal 

conditions for the uniform growth of MnO2 nanosheets, 

resulting in the ternary CNTs@NCS@MnO2 composites with 

increased hierarchy. Due to consumption of the carbon source 

in the redox reaction between NCS and KMnO4, an obvious 

cavity appears between the CNTs core and NCS@MnO2 layer.  

To understand the evolution process and identify the crystal 

structure of the samples, XRD patterns of the CNTs@NCS, 

CNTs@NCS@MnO2 composite are shown in Fig. 1. It can be 

seen that the CNTs@NCS composite exhibits a sharp peak at 

around 26° and broad weak peak at 44°, which can be assigned 

to the (002) and (101) planes of graphite carbon.49,50 For the 

CNTs@NCS@MnO2 sample, obvious three peaks at about 13°, 

38° and 68° can be indexed to the monoclinic structure of 

birnessite-type MnO2 (JCPDS 42-1317, δ-MnO2).
51,52 Notably, 

the intensity of the characteristic peak for graphic carbon at 26° 

become weak and the peak at 44° has disappeared 

simultaneously, which demonstrate that the MnO2 nanosheets 

are uniformly grown on the surface of the NCS, resulting in the 

overwhelming of the signal of the graphite carbon. 

The morphology and structure of CNTs@NCS composite 

were characterized by SEM and TEM images. As shown in Fig. 

2A, CNT@NCS well preserves the one dimensional tubular  

 

Fig. 1 XRD patterns of CNTs@NCS and CNTs@NCS@MnO2 composite. 

 

Fig. 2 SEM (A, B) and TEM (C, D) images of CNT@NCS composite. 

structure of the CNTs and the average outer diameter has 

increased from 25 nm (pure CNTs) to 55 nm. The surface of 

CNTs is wrapped by NCS while protruding nanotubes ends are 

frequently exposed, clearly showing the core-shell structure 

(Fig. 2B). TEM images of the CNTs@NCS reveal that there is 

a uniform layer about 15 nm coated on the surface of the CNTs 

(Fig. 2C and D), indicating the strong shape and structure-

directing role of the CNTs during the formation process. Due to 

the close integration between CNTs and NCS, the outer shell 

can be qualified to be an intermediate layer for anchoring MnO2, 

which can prevent the detaching of the MnO2 nanosheets from 

the smooth CNTs surface. 

The SEM image of CNTs@NCS@MnO2 composite is 

displayed in Fig. 3A. Clearly, the whole surface of the 

CNTs@NCS is almost covered by the nanoflakes of MnO2, 

which provide interstitial space in the composites. The TEM 

image (Fig. 3B) shows that the outer layer of obtained 

CNTs@NCS@MnO2 material is gradually substituted by MnO2 

during the redox reaction, manifesting that the NCS shell is 

applied as both reducing agents and substrates for MnO2 

growth. Closer observation (Fig. 3C) demonstrates that the 

cross-linked abundant, randomly assembled MnO2 nanosheets 

grow upon the sidewalls of the middle NCS shell uniformly, 

and the interfacial profiles between the nanosheets and the tube 

can be well identified. It is worth noting that even after a long 

sonication time during preparation of the TEM specimen, 

MnO2 nanosheets remain attached to the surface of the NCS 
shell and are not peeled off, implying that a strong interaction 

between MnO2 and CNTs@NCS. Clear lattice fringes of the 

CNTs@NCS@MnO2 composites are observed in the HRTEM 

image (Fig. 3D) and measured to be 0.7 nm, which can be 

assigned to (001) plane of the monoclinic δ-MnO2.
53 

In Fig. 3E, a typical CNTs@NCS@MnO2 nanotube is shown 

in high-angle annular dark field (HAADF) scanning 

transmission electron microscopy (STEM) image, confirming 

that MnO2 nanosheets are evenly dispersed throughout the 

CNTs@NCS matrix. As shown in Fig. 3F, EDS line scanning 

(indicated by a line in Fig. 3E) of C, Mn and N across the 

nanotube can better illustrate that configuration: the profile of C 

shows a broad peak, which was mainly located at the center of 

the profile, while the profiles of Mn and N show higher 

intensity on both sides. The line clearly indicates the core-shell 

structure of the composite. The elemental composition of the 

CNTs@NCS@MnO2 sample was analyzed using scanning 
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transmission electron microscopy energy-dispersive X-ray 

spectroscopy (STEM-EDS), which show the presence of C, Mn,  

 

Fig. 3 SEM image (A), low- (B) and high-magnified (C) TEM images, 

HRTEM image (D), HAADF-STEM image (E) and elemental mapping 
images (G) of CNTs@NCS@MnO2 composite. Panel F is the compositional 

line profile across the CNTs@NCS@MnO2. 

N and O. From the mapping result, we can clearly distinguish 

the uniformly distributed MnO2 and core-shell structure of the 

composite. The unique structure can not only provide more 

electrochemically active sites of MnO2 to be assessed by 

electrolyte, but increase the effective liquid-solid interfacial 

area, promoting the surface redox reaction and EDLC 

formation. The nitrogen content detected can be ascribed to the 

successful doping of N element into carbon matrix.  

XPS analysis is employed in order to provide further 

evidence for the structural information of the 

CNTs@NCS@MnO2 hybrid (Fig. 4A). reveals the existence of 

C, Mn, N and O, which is agreement with the EDS analysis. 

The high-resolution of C 1s spectrum (Fig. 4B) displays a 

dominant peak at 284.6 eV, accompanied with a shoulder peak 

at 285.7 eV and a minor foot peak at 287.8 eV, which are 

attributed to C=C, C-O and C-N groups, respectively. Thus, it 

can be concluded that the amorphous carbon originating from 

RFs is completely formed during the calcination process and 

nitrogen from L-cysteine was successfully introduced into 

carbon lattice. Previous reports demonstrate that the presence of 

nitrogen element in carbon-based materials can enhance the 

wettability of the carbon skeleton by the electrolyte and thus 

improve the mass-transfer efficiency.46,48 The XPS pattern of N 

1s is shown in Fig. 4C, where the three component peaks are 

assigned to graphitic N (401.3 eV), pyrrolic N (399.5 eV) and 

pyridinic N (398.6 eV).36 According to the theoretical 

investigations, graphitic N can significantly increase the 

conductivity of carbon materials, while pyrrolic N and pyridinic 

N can crease numerous extrinsic defects and active sites, which  

 

Fig. 4 XPS spectra of CNTs@NCS@MnO2 composite: survey spectrum (A), 
C 1s (B), N 1s (C) and Mn 2p (D). 

are beneficial for the fast diffusion of transporting ions and thus 

give rise to pseudocapacitance.46,47 The Mn 2p spectrum in Fig. 

4D shows the Mn 2p3/2 and Mn 2p1/2 binding energies are 

centered at 642.1 eV and 653.7 eV, respectively. The spin-

energy separation between these two peaks is 11.6 eV, which is 

well consistent with the typical values of Mn (IV).54,55 

Specific surface area and pore size are the two important 

parameters for the performance of a supercapacitor.56,57 The N2 

adsorption-desorption isotherms and the corresponding pore 

size (inset) of CNTs@NCS@MnO2 are shown in Fig. 5. The 

isotherm can be classified as type IV according to the profile of 

a hysteresis loop in relative pressure (P/P0) range of 0.5–1.0, 

revealing that the CNTs@NCS@MnO2 composite owns a 
typical mesoporous structure. The specific surface area and 

average pore size are calculated to be 180 m2/g and 4.21 nm, 

respectively. The high surface area and moderate pore size (2–5 

nm) of CNTs@NCS@MnO2 enable the possibility of efficient 
transport of the electrons and ions in the electrode, hence 
leading to enhanced electrochemical property.  

 

 

Fig. 5 N2 adsorption/desorption isotherm and the corresponding pore size 

distribution (inset) of the CNTs@NCS@MnO2 composite. 
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3.2. Electrochemical properties 

Cyclic voltammetry (CV) was conducted to study the 

electrochemical performance of the as-prepared composite in a 

three-electrode cell in 1 M Na2SO4 electrolytes using Ag/AgCl 

electrode as reference electrode and a Pt as counter electrode. 

Fig. 6A compares the CV curves of CNT, CNTs@NCS, 

CNT@MnO2 and CNTs@NCS@MnO2 electrodes collected 

from 0 to 1.0 V at a the same scan rate of 30 mV/s. (the CV 

curves of CNTs@NCS and CNTs@MnO2 are provided in Fig. 

S1 in electronic supporting information). Significantly, 

theCNTs@NCS@MnO2 electrode exhibits substantially higher 

capacitive current density than those of CNTs@NCS and 

CNTs@MnO2, suggesting the superior electrochemical 

performance and demonstrating the conductive NCS is good 

support for depositing MnO2 nanosheets. Moreover, it can be 

seen that the CNTs@NCS@MnO2 shows a relatively 

rectangular and symmetric shapes, indicating the ideal 

supercapacitor behavior.58,59 In Fig. 6B, the CV curves of the 

CNTs@NCS@MnO2 composite are quasi-rectangular shaped 

up to a 100 mV/s scan rate, and the distortion of them is 

inconspicuous, implying that the system of the electrodes has 

low contact resistance and good rate performance.  

In order to evaluate the power application of as-prepared 

CNTs@NCS@MnO2, charge-discharge test was performed at 

various current densities from 0 to 1 V as shown in Fig. 6C. All 

the galvanostatic charge-discharge curves are nearly liner and 

the discharge curves are almost symmetrical to the 

corresponding charge curves with negligible IR drop, indicating  

 

Fig. 6 Cyclic voltammograms at 30 mV/s for pure CNTs, CNTs@NCS, 

CNTs@MnO2 and CNTs@NCS@MnO2 (A). CV curves  at scan rates from 

5~100 mV/s (B) and galvanostatic charge-discharge curves measured at 
various discharge current (C) of CNTs@NCS@MnO2 composite. Current 

density dependence of the specific capacitance (D), Nyquist plots of the EIS 

(E), and cycling performance (F) for CNTs, CNTs@NCS, CNTs@MnO2 and 
CNTs@NCS@MnO2. 

a low internal resistance, excellent reversibility and high 

Coulombic efficiency. The correlation between the specific 

capacitance and current densities from 1 to 10 A/g for different 

electrodes is presented in Fig. 6D. The specific capacitance of 

each sample is calculated based on galvanostatic discharge time 

(the galvanostatic charge-discharge curves of CNTs, 

CNTs@NCS and CNTs@MnO2are provided in Fig. S1 and Fig. 

S2 in electronic supporting information). Obviously, the 

CNTs@NCS@MnO2 possesses the highest specific capacitance 

among all electrodes at the same current densities, which is 

consistent with the CV tests. Furthermore, the specific 

capacitance of CNTs@NCS@MnO2 is as high as 312.5 F/g at a 

current density of 1 A/g and maintains at 240.2 F/g with a 

retention ratio of 76.8 % at 10 A/g, suggesting that the 

composite has a good rate capability, which is indispensable for 

the practical applications. The enhancement in specific 

capacitance and rate capability can be ascribed to the 

interconnected porous NCS. On one hand, the unique 

structureof NCS can provide unimpeded diffusion channel and 

facile accessibility of active sites for electrolyte ions. On the 

other hand, the NCS with large surface area can act as substrate 

and guarantee the fine dispersion of MnO2 nanosheet, leading 

to the positive synergistic effect between the conductive carbon 

material and pseudocapacitive MnO2. 

Electrochemical impedance spectroscopy (EIS) was carried 

out to further understand the kinetics of the electrode process, 

that is, the interaction between electrode and electrolyte. As 

shown in Fig. 6E, each Nyquist plot displays a semicircle in 

high-frequency and a straight line in the low-frequency region, 

which signify light electrochemical polarization and good 

capacitive property.39,60 The intercept on the real axis reveals 

the equivalent series resistance (Rs), and the diameter of the 

semicircle corresponds to the charge transfer resistance (Rct) at 

the electrode/electrolyte interface. Except for the pure CNTs, 

the Rs of the hybrid CNTs electrodes are approximate. 

However, the CNTs@NCS@MnO2 electrode exhibits smaller 

Rct than CNTs@MnO2 composite in high-frequency region, 

which demonstrates that unique structure of the 

CNTs@NCS@MnO2 can facilitate the penetration of the 

electrolyte into the electrode and greatly increases the interface 

between the electrode and electrolyte. Also, it can be seen that 

the CNTs@NCS@MnO2 has a vertical straight line than that of 

CNTs@MnO2, suggesting that the CNTs@NCS@MnO2 has 

lower diffusive resistance to electrolyte and faster ion transport 

speed than the CNTs@MnO2. The EIS result confirms that the 

conductivity of CNTs@NCS@MnO2 can be significantly 

improved by the introduction of NCS, which will favor rate 

capability for high power performance and enhance the 

utilization of the electrode. 

Cycle stability is an important requirement in practical 

applications, which was investigated with a charge-discharge 

current density of 8 A/g for 4000 repetitive cycles, as shown in 

Fig. 6F. The CNTs@NCS@MnO2 electrode exhibits a 

capacitive retention of 92.70 %, which is much better than that 

of the CNTs@NCS (87%) and CNTs@MnO2 (65%), implying 

that the CNTs@NCS@MnO2 composite possesses ideal long-

term electrochemical stability even at high current density. 

Such an excellent stability coupled with the low resistance and 

unique porous structure ensures the CNTs@NCS@MnO2 

material to be a qualified electrode candidate for energy storage 

applications.  

To further evaluate the CNTs@NCS@MnO2 electrode for 

practical applications, an asymmetric supercapacitor device was 

fabricated by employing CNTs@NCS@MnO2 and AC 
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composites as positive and negative electrodes, respectively, in 

1 M Na2SO4 aqueous solution, as shown in Fig. 7A. Taking  

 

Fig. 7 Schematic structure of as-made asymmetric supercapacitor consisting 
of CNTs@NCS@MnO2 and AC electrodes, a separator, and two current 

collectors (A), CV curves of the as-assembled ASC at different scan rates (B), 

Galvanostatic charge/discharge curves of ASC device collected at different 
current densities (C), Ragone plot of the ASC device (D), inset is the photo 

image of four red LEDs powered by the ASC device. Cycling performance of 

ASC device at 5 A/g, inset is the charge/discharge curve at 5 A/g (E). 

advantages of different potential windows of the two materials, 

the ASC device promises a wide operating voltage and thus 

provides increased energy densities. As shown in Fig. 7B, the 

CV curves of the ASC have been measured between 0 and 1.8 

V at scan rates range from 5 to 100 mV/s, which exhibit good 

symmetrical and approximately rectangular without obvious 

redox peaks. This result suggests that both the surface and 

electrosorption of ions and the redox reaction of anions are well 

matched in this device, which can be ascribed to fast 

electrosorption of Na+ cations and the subsequent quick 

reversible faradaic process proceeding from Na+ cations and 

MnO2. 

Galvanostatic charge-discharge curves of the ASC at various 

current densities in a voltage window from 0 to 1.8 V are given 

in Fig. 7C. Good linear profiles of the curves, the charge curves 

are symmetrical to their corresponding discharge counterparts, 

can further confirm the perfect electrochemical behavior of the 

as-fabricated ASC in the whole potential range. On the basis of 

galvanostatic charge-discharge curves, Ragone plot of the 

device depicting the relation between energy density and power 

density is obtained, which is depicted in Fig. 7D. The 

maximum energy density and power density of 27.3 Wh/kg and 

4500 W/kg can be achieved at an operating voltage of 1.8 V, 

which can easily light up the light–emitting diodes (LEDs). 

Significantly, the energy density in our work is higher than 

many previously reported devices.20,27,38,42,45,61,62  

To test the long-term cycling performance of this ASC, 

consecutive charge-discharge cycles were performed at a 

considerable current density of 5 A/g. As shown in Fig. 7E, 

78.8 % of the specific capacitance is maintained after repetitive 

2000 cycles and the charge-discharge curves (inset in Fig. 7E) 

remain linear and symmetrical shape, demonstrating excellent 

cycling stability and high Coulombic efficiency.  

Conclusions 

In summary, we have demonstrated the design and synthesis of 

a new type of high-performance capacitor material 

CNTs@NCS@MnO2 composite, and explored its practical 

application as positive electrode in asymmetric supercapacitor. 

Owing to the synergy effect from a combination of NCS and 

MnO2 with tailored structure, the CNTs@NCS@MnO2 

electrode exhibits high comprehensive electrochemical 

performance: high specific capacitances, good rate capability, 

excellent reversibility and superior cycling stability. Moreover, 

a two-electrode asymmetric supercapacitor based on 

CNTs@NCS@MnO2 and AC was fabricated and it delivers a 

high specific energy density and a good rate capability, as well 

as an excellent cycling stability. Therefore, we envision this 

ternary hybrid to be a promising electrode material for practical 

applications in the field of energy storage and conversion 

systems. 
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Hierarchical porous CNTs@NCS@MnO2 composite was synthesized by a 

facile in situ chemical polymerization coating method, followed by a 

hydrothermal process, which exhibits high asymmetric performance. 
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