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A B S T R A C T   

Contriving ingenious and stable carbon structures is critical but of great challenge to improve the electro-
chemical kinetics in Zn-ion storage devices. In this study, nitrogen-enriched carbon nanofragments confined in a 
three-dimensional honeycomb-like hierarchical porous matrix are designed and constructed with a simple in situ 
confined thermal polymerization and carbonization strategy. By employing the as-prepared hierarchical carbon 
nanostructures for an advanced Zn-ion hybrid supercapacitor, a record high-rate capability has been obtained, 
manifested as a high specific capacity of 101.3 mAh g− 1 at an extraordinary fast discharge rate of 100 A g− 1. 
Additionally, a maximum energy density of 130.2 Wh kg− 1 at a power density of 185 W kg− 1, and a peerless 
power density of 92500 W kg− 1 at the corresponding energy density of 93.7 Wh kg− 1 are achieved, demon-
strating the feasibility for high-power Zn-ion storage devices. Further kinetics and mechanism studies reveal that 
the fast Zn2+ storage kinetics originates from the N-enriched chemistry and the multiscale pore network which 
provide a hydrophilic surface, boost charge transfer, and expedite the ion diffusion.   

1. Introduction 

Carbon-based nanomaterials have attracted extensive attention in 
renewable energy technologies such as Zn-ion hybrid supercapacitors 
(ZHSCs) due to their abundance, low cost, and excellent electric con-
ductivity as well as tunable structures [1–4]. To date, substantial efforts 
are going into increasing the specific surface areas (SSAs) and adjusting 
the surface functionalities, expecting to improve their Zn-ion storage 
properties [5,6]. Unfortunately, it is often accompanied by a lack of high 
capacity, particularly during fast charging, limited power supply, and 
short cyclic life [6,7]. Therefore, the construction of innovative and 
sophisticated architecture to improve electrochemical kinetics is 
significant. 

Hierarchical nanostructures have become a hotspot in the fields of 
biomedical science, heterogeneous catalysis, and electrochemical de-
vices [8–15]. Generally, the holistic hierarchical structure can perfectly 
inherit the favorable characteristics of the simple building blocks and 

even acquire more fascinating properties [16,17]. Among them, hier-
archical carbon built of low-dimensional carbon fragments such as 
nanospheres, nanorods, nanowires, graphene, and nanosheets, are of 
particular interest [18–21]. To date, substantial advances in building 
hierarchically structured carbon with sophisticated morphologies such 
as spherical, hydrangea, and bivalve-like structures, have been achieved 
by reasonably selecting the building blocks [22–24]. As a representative, 
three-dimensional (3D) carbon with interconnected pores can provide a 
confined environment to tailor the electronic structure and modulate the 
energy barrier for ion diffusion [24,25]. Besides, the 3D carbon struc-
tures usually offer more robust structural stability in contrast to the 
anisotropic one/two-dimensional (1D/2D) carbon nanomaterials 
[26,27]. Impressively, the accelerated electron and ion transfer kinetics 
and the strengthened structure thus can significantly boost the charge 
storage and improve the cycling performance, which highlights the su-
periority of 3D interconnected porous carbon in renewable energy 
technologies [28,29]. Unfortunately, the investigation of 3D carbon 
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structures especially with controllable pore structures and surface 
functionalities for Zn-ion storage is rather lacking. Due to the strong π–π 
stacking effect of the building blocks, it remains a daunting challenge to 
control the nanoscale force at disparate dimensions. More importantly, 
the kinetics study that can shed some light on the electrochemical 
behavior deserves much effort to be devoted. 

In this contribution, nitrogen-enriched carbon nanofragments 
confined in a 3D honeycomb-like hierarchical porous matrix (N-HHPC) 
are rationally designed and robustly constructed through a simple in situ 
confined thermal polymerization and carbonization strategy, as an 
advanced cathode of ZHSC. Furthermore, kinetics and mechanism 
studies have revealed that this unique hierarchical nanostructure with 
high-content N and a multiscale pore network can improve the hydro-
philicity, provide sufficient electrochemical sites for ion adsorption, and 
facilitate electron/ion transmission. Consequently, the N-HHPC acquire 
unprecedented high-rate capability with a high specific capacity of 
101.3 mAh g− 1 at an extraordinary fast discharge rate of 100 A g− 1, 
corresponding to 72% of the value measured at 0.2 A g− 1 and surpassing 
the state-of-the-art carbon-based ZHSCs. Meanwhile, the N-HHPC 
deliver a peerless power density of 92500 W kg− 1 with an energy density 
of 93.7 Wh kg− 1, and a long-term cycling life, further supporting the 
validity of heteroatom-enriched hierarchically porous carbon structures 
for ultra-fast Zn-ion storage. 

2. Experimental section 

2.1. Synthesis of SiO2 nanospheres 

Typically, absolute ethanol (55 mL), deionized (DI) water (15 mL) 
and tetraethyl orthosilicate (3 mL) were mixed homogeneously. 4 mL of 

aqueous ammonia was then dropwise added into the above solution. The 
mixture was further centrifugated at 700 rpm, washed and dried to 
obtain SiO2 nanospheres. 

2.2. Synthesis of N-HHPC 

0.6 g of SiO2 nanospheres, 1.5 g of glucose, 3.7 g of K2C2O4⋅H2O, and 
3 g of melamine were dispersed in a beaker containing 20 mL of DI 
water. The mixture was stirred evenly at 80 ◦C until the water was 
evaporated. Furthermore, the solid powder was heated to 450 ◦C for 1 h 
and then 800 ◦C for 1 h in an inert N2 atmosphere. The residual alkali 
and SiO2 were removed by washing with 3 M HCl at room temperature 
and 3 M KOH solution at 80 ◦C, respectively. Finally, the black sample 
was centrifugated and dried at 60 ◦C to obtain N-HHPC. 1 g and 5 g of 
melamine were also used for preparing N-HHPC samples, which were 
denoted as N-HHPC-1 and N-HHPC-5, respectively. To evaluate the ef-
fect of pyrolysis temperature on the electrochemical performance of N- 
HHPC, the solid powders were carbonized at 700 ◦C and 900 ◦C to 
prepare N-HHPC-700 and N-HHPC-900 samples, respectively. 

2.3. Synthesis of N-PAC 

The preparation of N-enriched porous activated carbon (denoted as 
N-PAC) was similar to that of N-HHPC but without the addition of SiO2 
nanospheres. 

2.4. Synthesis of N-HC 

The preparation of honeycomb-like N-enriched carbon (denoted as 
N-HC) was similar to that of N-HHPC but without the addition of the 

Fig. 1. Schematic illustration of the construction of the N-HHPC.  
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activating agent of K2C2O4⋅H2O. 

2.5. Synthesis of HHPC 

The preparation of honeycomb-like hierarchical porous carbon 
(denoted as HHPC) was similar to that of N-HHPC but without the 
addition of a nitrogen source of melamine. 

2.6. Synthesis of PC 

The preparation of porous carbon (denoted as PC) was similar to that 
of N-HHPC but without the addition of SiO2 nanospheres, K2C2O4⋅H2O, 
and melamine. 

Materials characterization, electrochemical measurements, assembly 
procedure of ZHSCs and formulas were included in the Supporting 
Information. 

3. Results and discussion 

3.1. Fabrication and characterizations 

Fig. 1 depicts the synthetic procedure of N-HHPC using in situ 
confined thermal polymerization and carbonization strategy. SiO2 
nanospheres (~170 nm) are first synthesized and used as the hard 
template to allow the homogeneous assembly of the composited micelles 
containing glucose, melamine, and K2C2O4⋅H2O into their interspaces 
(Fig. S1). The subsequent pyrolysis in an inert N2 flow would induce the 
in situ confined thermal polymerization and carbonization of the 
composited micelles, resulting in the N-HHPC/SiO2 composites. During 
the in situ confined thermal polymerization and carbonization process, 
glucose is in situ polymerized and carbonized in the interspaces of SiO2 
assembly firstly. Then melamine polymerization occurs on carbon layer 
covering the surface of SiO2 derived from glucose, which is further 
carbonized when the temperature rises much higher [30]. Finally, after 
the removal of the residual alkali and SiO2 templates with HCl and KOH, 
respectively, the 3D honeycomb-like structure of N-HHPC is eventually 
achieved. 

The morphology of the as-prepared N-HHPC was first examined 

Fig. 2. (a, b) SEM images, (c) TEM image with an inset of HRTEM image, and (d) magnified TEM image of the N-HHPC. (e-f) STEM image and elemental mapping 
images of N-HHPC. 
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using scanning electron microscopy (SEM). As shown in Fig. 2a and b, 
the N-HHPC display a honeycomb-like structure composed of wall- 
sharing carbon cages that have a semi-open structure and a rough sur-
face. The interconnected honeycomb-like structure is also verified by 
transmission electron microscopy (TEM) image, in which numerous 
macropores are well interconnected with each other (Fig. 2c). The sizes 
of these macropores correspond to the diameters of SiO2 nanoparticles. 
A magnified TEM image further demonstrates that the carbon cages are 
built of thin carbon nanofragments, which contain a lot of mesopores 
and micropores (Fig. 2d). The high-resolution TEM (HRTEM) image 
reveals an amorphous structure with numerous micropores and meso-
pores, supporting the multiscale pore network in the N-HHPC (inset of 
Fig. 2c). In addition, C, N, and O elements are dispersed homogeneously 
within the N-HHPC, as demonstrated with high-angle annular dark-field 
scanning transmission electron microscopy (HAADF-STEM) and 
elemental mapping images (Fig. 2e-h). 

To manifest the superiority of the 3D hierarchical architecture and 
the rich N-dopant chemistry in the N-HHPC, several samples were 
fabricated for comparison. As shown in Fig. S2a, N-PAC with a bulk 
morphology is obtained without the addition of SiO2 nanospheres. When 
K2C2O4 and melamine are not in use, N-HC and HHPC can be prepared, 
respectively (Figs. S2b and c). In addition, PC is synthesized by pyrolysis 
of glucose alone (Fig. S2d). 

The X-ray diffraction (XRD) patterns of the five samples display a 
weak diffraction peak at 45◦, indicating the disordered carbon structure 
(Fig. 3a) [31]. A bulge at around 23◦ corresponds to the carbon lattice 
plane (002). Its broad peak width also indicates an amorphous struc-
ture. The (002) peaks of the N-HHPC, N-PAC, and N-HC show positive 
shifts relative to those of PC and HHPC, which can be ascribed to the 
successful introduction of nitrogen. The degree of defect in these ma-
terials is then evaluated using Raman spectroscopy (Fig. 3b). The D band 
at 1348 cm− 1 is associated with the structural defect, while the G band at 

Fig. 3. (a) XRD patterns, (b) Raman spectra, (c) N 1s and (d) C 1s XPS spectra of the N-HHPC. (e) N2 adsorption–desorption curves and (f) pore size distributions of 
the as-prepared N-HHPC, N-PAC, N-HC, HHPC and PC. 
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1590 cm− 1 is attributed to the sp2 hybrid carbon [32]. Notably, the N- 
HHPC exhibit the largest ID/IG ratio of 1.10, demonstrative of the 
highest degree of disorder [33]. The larger ID/IG ratio arises from the 
reduction of sp2 microdomains and the increased defective sites with N- 
doping. Elemental analyses indicate that the content of N element in the 
N-HHPC is as high as 14.1 at.%, while none of N element is found in the 
HHPC and PC samples (Fig. S3). The contact angle (0◦) of N-HHPC is 
significantly smaller than that (113◦) of HHPC, indicating that N- 
enriched surface improves the hydrophilicity of N-HHPC (Fig. S4). X-ray 
photoelectron spectroscopy (XPS) survey spectrum of the N-HHPC 
sample reveals the C, N, and O signals, further confirming the N-doped 
hierarchical carbon structure (Fig. S5). Based on the XPS analysis, the 
surface of N-HHPC contains 13.5 at.% N, 72.8 at.% C and 13.7 at.% O. In 
the high-resolution N 1s spectrum, four types of nitrogen species that are 
pyridinic-N (398.2 eV), pyrrolic-N (399.9 eV), graphitic-N (401.2 eV), 
and oxidized-N (402.3 eV) can be observed (Fig. 3c) [34]. The high- 
resolution C 1s spectrum with the peak centered at 285.9 eV also in-
dicates the presence of C–N band, manifesting the N-doped feature 
(Fig. 3d) [35]. 

Further to analyze the pore structures and SSAs of the samples, N2 
adsorption and desorption curves were collected. Fig. 3e illustrates that 
the N2 adsorption and desorption isotherms of N-HHPC exhibit a hybrid 
Type I/IV isotherms with an obvious hysteresis loop of a capillary 
condensation step (0.4 < P/P0 < 1.0), illustrating the existence of 
mesopores [36]. Besides, the increased adsorption of N-HHPC at low 
temperature (P/Po < 0.1) indicates the existence of micropores. The 
pore size distribution of N-HHPC with two peaks focused at 1.9 nm and 

4.7 nm also demonstrate the abundant micropores and mesopores 
(Fig. 3f). In combination with the results of N2 adsorption and desorp-
tion isotherms, pore size distribution curves, and SEM images, the hi-
erarchical pore structure with micro-, meso- and macropores in the N- 
HHPC is confirmed [37]. The BET surface area is calculated to be 685.3 
m2 g− 1, which is higher than those of N-PAC, N-HC, and PC but slightly 
lower than that of HHPC (Table S1). Besides, in comparison to the N- 
PAC and the HHPC samples, the N-HHPC obtain a higher pore volume of 
0.74 cm3 g− 1 which is due to the existence of more mesopores and 
macropores. While the larger SSA and pore volume of N-HHPC 
compared to that of N-HC, are because of K2C2O4 activation (Eqs. (1) 
and (2)) [38]. The large SSA and abundant meso-/macropores are 
conducive to the full contact of electrolytes and can provide short- 
distance and high-speed transmission channels to accelerate ion trans-
port, thus contributing to excellent rate performance [39,40]. 

K2C2O4→K2CO3 +CO (1)  

K2CO3 + 2C→2K+ 3CO (2)  

3.2. Electrochemical performances 

The electrochemical behavior of the N-enriched hierarchical carbon 
structure was investigated with a CR2025 coin cell. The cyclic voltam-
metry (CV) profiles of N-HHPC exhibit a pair of evident redox couples, 
which are linked to a pseudocapacitive behavior (Fig. 4a). Besides, the 
quasi-rectangular shape is perfectly preserved upon increasing the scan 
rate from 5 to 100 mV s− 1, indicating the robust electrochemical 

Fig. 4. Electrochemical performances of the N-HHPC, N-PAC, N-HC, HHPC, and PC-based ZHSCs. (a) CV curves of the N-HHPC at 5–100 mV s− 1. (b) CV profiles at 
100 mV s− 1. (c) GCD curves of the N-HHPC from 0.2 to 100 A g− 1. (d) GCD curves at 0.2 A g− 1. (e) Specific capacities at 0.2 to 100 A g− 1. (f) Ragone plot of the Zn// 
N-HHPC device in comparison with the state-of-the-art ZHSCs. (g) Cycling performances and Coulombic efficiency at 5 A g− 1. 
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reversibility and fast electrochemical kinetics. The superior charge 
storage and accelerated electron/ion transfer dynamics of N-HHPC can 
also be verified by the larger enclosed CV area even at a large scan rate of 
100 mV s− 1 (Fig. 4b). Meanwhile, galvanostatic charge/discharge (GCD) 
curves exhibit favorable symmetry, further signifying the excellent 
reversibility for Zn-ion storage (Fig. 4c). Profiting from the hierarchical 
porous structure, large SSA, and N-enriched chemistry, the N-HHPC 
deliver a maximum capacity of 140.7 mAh g− 1 at 0.2 A g− 1 (Fig. 4d). 
This value is significantly higher than those contrast samples including 
N-PAC, N-HC, and HHPC, N-HHPC-1, N-HHPC-5, N-PPC-700 and N- 
HHPC-900 (Fig. S6-S8). Moreover, a remarkable capacity of 101.3 mAh 
g− 1 with 72.0% of capacity retention is acquired when the current 
density rises 500-fold to an extraordinarily fast rate of 100 A g− 1. The 
value surpasses those of N-PAC (56.5%), N-HC (37.2%), and HHPC 
(37.1%) and other contrast N-HHPC samples, further substantiating its 
supreme large current tolerance (Fig. 4e and Fig. S6-S8). To our 
knowledge, the superb rate capability is among the best for the carbon- 
based ZHSCs (Table S2). By virtue of the boosted charge storage kinetics, 
the as-assembled Zn//N-HHPC device achieves an optimal energy den-
sity of 130.2 Wh kg− 1 at a power density of 185 W kg− 1, and an un-
precedented power density of 92500 W kg− 1 at the corresponding 
energy density of 93.7 Wh kg− 1 (Fig. 4f). Remarkably, the overall per-
formances of the N-HHPC-based device outperform those ZHSCs 
assembled with N-PAC, N-HC and HHPC as well as most of the ZHSCs 
reported recently (Fig. 4f, Fig. S9 and Table S3). In addition, the device 

manifests excellent stability with 82.4% capacity retention over 40,000 
cycles, superior to those of the assembled ZHSCs with N-PAC, N-HC, and 
HHPC as the cathodes (Fig. 4g). Besides, all the samples exhibit 100% 
Coulombic efficiency during the cycling (Fig. S10). Two Zn//N-HHPC 
devices in series can also light up the ‘ZJNU’ LEDs, demonstrating 
their great potential (Fig. S11). 

3.3. Charge storage kinetics 

Impressed by the outstanding rate performance of N-HHPC, the ef-
fects of hierarchical porous structure and N-doping on the detailed 
charge storage kinetics were further investigated. Fig. S12 displays the 
CV curves of the different samples including N-HHPC, HHPC, N-PAC, 
and N-HC at 5–100 mV s− 1. Reaction kinetics can be studied by the peak 
current of the CV profiles and the sweep rate according to a power-law 
relationship (Eq. (3)) [41,42]: 

i = avb (3)  

where a and b are the adjustable values. b value of 1 represents a surface- 
controlled capacitive effect and 0.5 describes a diffusion-controlled 
process. The b values of the cathodic and peaks for the N-HHPC are 
0.98 and 0.93, respectively, while the b values are calculated to be 0.98 
(cathodic peak) and 0.90 (anodic peak) for the N-PAC, 0.91 (cathodic 
peak) and 0.80 (anodic peak) for the N-HC, as well as 0.88 (cathodic 
peak) and 0.83 (anodic peak) for the HHPC (Fig. 5a and 5b). This 

Fig. 5. Relationship of the (a) cathodic and (b) anodic peak currents with scan rates for N-HHPC, N-PAC, N-HC, and HHPC. Normalized capacity contributions of 
diffusion-controlled and capacitive processes in (c) N-HHPC, (d) N-PAC, (e) N-HC and (f) HHPC at 5–100 mV s− 1. (g) EIS spectra. (h) The relationship between the 
impedance in the real part and low frequencies. (i) Plots of ln(RCT

− 1) vs. 1000/T. 
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indicates that surface-controlled capacitive behavior dominates the 
charge storage process. Note that the N-HHPC obtain a b value closest to 
1, which means complete capacitive behavior and thus contributes to 
the ultra-fast electrochemical reaction kinetics. The contributions of the 
capacitive and diffusion-controlled processes are then evaluated based 
on the following formula [43]: 

i(V) = k1v + k2v1/2 (4)  

where k1v is the capacitive contribution and k2v1/2 denotes the contri-
butions of diffusion-controlled processes. Among the four cathodes, N- 
HHPC achieve the highest capacitive contribution of 74% at 5 mV s− 1, 
illustrating the enhanced capacitive performance (Fig. 5c-5f). In addi-
tion, the capacitive contribution provides 93% of the total capacity as 
the scan rate increases to 100 mV s− 1, contributing to the outstanding 
rate capability of N-HHPC. 

Alternatively, electrochemical impedance spectroscopy (EIS) mea-
surement was conducted to study the charge transfer kinetics of Zn//N- 
HHPC and Nyquist plots were fitted with the equivalent circuit 
(Fig. S13). Compared to the N-PAC, N-HC, HHPC, and PC electrodes, the 
N-HHPC exhibit a semicircle with a smaller radius in a high frequency 
area, indicating a lower charge transfer resistance (Rct, Fig. 5g and 
Table S4) [44]. This result suggests that the hierarchical porous struc-
ture and N-enriched chemistry cooperatively accelerate the ion 
adsorption/desorption process in N-HHPC. The Zn2+ diffusion kinetics 
can be qualitatively analyzed by the linear relationship between ω− 1/2 

and Z’ in low frequency [45]. Thanks to the unique structural and sur-
face properties, the N-HHPC electrode exhibits the minimal Warburg 
coefficient (σ), indicating its fast ion diffusion ability (Fig. 5h). 

To decipher the interfacial charge transfer behavior, EIS experiments 
were carried out under different temperatures ranging from 20 to 70 ◦C. 
As shown in Fig. S14, the ohmic impedance and polarization impedance 

decrease significantly with the increase in temperature. Fig. 5i illustrates 
the relationship between ln RCT

− 1 and 1000/T, in which the oblique line 
indicates that the Rct of the ZHSCs follows Arrhenius law [46,47]. The 
slope of the line has a linear relationship with the activation energy (Ea) 
[48]. Based on the plot, it is obvious that the N-HHPC obtain a lower Ea 
of 19.49 kJ mol− 1 in comparison with other samples. Combining these 
results show that the N-HHPC electrode featuring a hierarchical pore 
structure and rich N can facilitate the ion diffusion and accelerate the 
interfacial charge transfer, leading to the excellent rate performance. 

3.4. Energy storage mechanism 

To better comprehend the Zn-ion storage mechanism of the N-HHPC- 
based ZHSC, the structural and morphological evolutions were investi-
gated by the means of ex situ XRD and SEM. Fig. 6a presents the GCD 
profiles, in which the device is first discharged from 1.9 to 0.05 V, fol-
lowed by the charging process. The XRD patterns of Zn anode at 
different GCD states only show the characteristic peaks of Zn metal, 
along with the variations in strength, verifying that the main reaction of 
the anode still is the deposition/stripping of metallic Zn (Fig. 6b). From 
the ex situ SEM images, a small number of nanosheets emerge at a fully 
discharged state and further disappear as the 

charge proceeds, which is associated with the Zn deposition/strip-
ping behavior (Fig. 6c). For the N-HHPC cathode, except for the strong 
peaks of carbon paper, other peaks assigned to Zn4(OH)6SO4⋅5H2O 
(JCPDS No. 39–0688) can also be found during the GCD procedure 
(Fig. 6d), manifesting a proton-involved process [49]. Meanwhile, the 
peak at 16.2◦ gradually increases during discharge and weakens upon 
charging, suggesting the reversible formation and dissolution of basic 
zinc sulfate. These dynamic changes can further be substantiated with ex 
situ SEM. As shown in Fig. 6e, some byproducts of basic zinc sulfate with 

Fig. 6. (a) GCD curve of the Zn//N-HHPC at 1 A g− 1. (b) Ex situ XRD patterns and (c) SEM images of Zn anode at states A, C, and E. (d) Ex situ XRD patterns and (e) 
SEM images of the N-HHPC cathode at states A, C, and E. 
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a nanosheet morphology are observed when discharged to 0.05 V, and 
the surface of the cathode recovers back to the initial state, revealing its 
good reversibility. Consequently, the electrochemically active sites on 
the N-HHPC surface remain stable during cycling, which is conducive to 
long-term cycle life. Therefore, based on the previous works, it is 
inferred that N-HHPC store energy mainly based on physical and 
chemical adsorption and desorption reactions, accompanied by the 
precipitation and dissolution of a small amount of Zn4(OH)6SO4⋅5H2O 
which also contributes to a small fraction of capacity [32].  

(1) Faradaic pseudocapacitance 

− N+ = +Zn2 + /H+ + 4e− ↔ Zn − N+ − NH2/− NH− (5)    

(2) Double-layer capacitance 

C//SO2 -
4 ↔ C + SO2 -

4 (6)    

(3) Precipitation/dissolution 

H2O ↔ H + + OH - (7)  

4Zn2+ + 6OH- + SO2−
4 + 5H2O ↔ Zn4(OH)6SO4⋅5H2O (8)  

4. Conclusion 

In summary, we demonstrate a novel hierarchical carbon structure, 
N-HHPC, as an advanced cathode to enable fast Zn-ion storage kinetics 
for ZHSCs. A remarkable rate capability with the capacity of 101.3 mAh 
g− 1, corresponding to a high capacity retention of 72.0%, is achieved 
when the current density rises 500-fold to an extraordinarily fast rate of 
100 A g− 1. Meanwhile, the Zn//N-HHPC device acquires a competitive 
energy density of 130.2 Wh kg− 1 at a power density of 185 W kg− 1, and 
an impressive power density of 92500 W kg− 1 at an energy density of 
93.7 Wh kg− 1. Kinetics and mechanism study further offer detailed in-
formation for a deeper insight into the Zn-ion storage behavior. Two 
factors are responsible for the outstanding rate performance. First, rich 
N-dopants feature hydrophilic surface and enhance electrode/electro-
lyte two-phase interface; Second, multiscale pore network and N-doping 
chemistry jointly boost ion adsorption and offering expedite migration 
pathways for ion diffusion. Therefore, this work could pave the way for 
improving Zn-ion storage capability by pore engineering and surface 
chemistry regulation of hierarchical carbon nanostructures. 
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