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Supercapacitors have attracted plenty of academic and practical interests due to the fast 

charge/discharge rate, ultrahigh power density, simple mode of operation, superior durability, 

and low-maintenance cost. Owing to the high specific surface area (SSA), good conductivity, 

various structures, tunable surface properties, and low cost, porous carbon materials (PCMs) 

have been demonstrated as one of most promising supercapacitor electrode materials. However, 

the relatively low capacitance and energy density of carbon-based supercapacitors restrict their 

widespread applications. Since the performance of a supercapacitor is mainly determined by 

physical and chemical properties of the used electrode materials of PCMs, it is highly desirable 

to improve the accessible SSA, electrical conductivity, pore size distribution (PSD), and surface 

elemental composition of PCMs so that the corresponding devices can give high energy density 

and capacitance. In this thesis, several kinds of PCMs were prepared and their supercapacitive 

performances were assessed. The details were graphically abstracted and summarized as 

follows: 

 

Graphical abstract 1). A schematic illustration for the formation of hierarchical porous carbon 

sheets derived from pyrrole. 

1) Hierarchical porous carbon sheets (HPCSs) were synthesized from pyrrole through a 

combination of MgO template carbonization and KOH activation. At the appropriate activated 

temperature of 700 °C, the resulted HPCS-700 possessed a high SSA of 2733 m2 g-1 and a well-

balanced PSD. The HPCS-700 based electrode showed a high gravimetric specific capacitance 

of 226.4 F g-1 at a scan rate of 1 mV s-1 in a two-electrode configuration with an electrolyte of 

1 M H2SO4. It also exhibited high stability of 97.3% capacitance retention after 10000 cycles 

at 10 A g-1. 
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Graphical abstract 2). A scheme for the synthesis of porous carbon sheets from polystyrene. 

2) Porous carbon sheets (PCSs) derived from polystyrene (PS) were prepared through 

the MgO template coupled with KOH activation. The influence of the ratio of KOH to carbon 

material on morphology, SSA, and pore structure of PCSs has been studied in detail. 

Benefitting from KOH activation, the best sample of PCS-3 delivered capacitances of 135 and 

97 F g−1 at the scan rate of 1 mV s−1 and current density of 1 A g−1 in a two-electrode system 

with 1M H2SO4. A high energy density of 3.4 W h kg−1 was achieved at the corresponding 

high-power density of 250 W kg−1 in the aqueous electrolyte. After 10000 charge/discharge 

cycles, the capacitance retention remained at 92.41%, demonstrating outstanding stability. 

 

Graphical abstract 3). A scheme showing the synthesis of porous carbon nanosheet from 

waste poly(ethylene terephthalate). 

3) Waste poly(ethylene terephthalate) (PET) beverage bottles were efficiently converted 

into porous carbon nanosheet (PCNS) by a combined process of catalytic 

carbonization/template and KOH activation. PCNS featured an ultrahigh SSA (2236 m2 g-1) 

and a hierarchically porous architecture. It can exhibit high performance of 169 F g-1 in 6 M 

KOH and 135 F g-1 in 1 M Na2SO4 in supercapacitors. In an organic electrolyte, PCNS 

displayed a high capacitance of 121 F g-1 and a correspondingly high energy density of 30.6 

Wh kg-1. 
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Graphical abstract 4). A schematic illustration for the preparation of PCNS from waste five-

component mixed waste plastics. 

4) PCNS was produced by catalytic carbonization of five-component “real-world” mixed 

waste plastics on organically modified montmorillonite with the subsequent KOH activation. 

PCNS displayed a hierarchical structure with partially exfoliated graphitic layers, a high SSA 

of 2198 m2 g-1, and a large pore volume of 3.026 cm3 g-1. The PCNS electrode showed high 

performance in supercapacitors: 207 and 120 F g-1 at a current density of 0.2 A g-1 in aqueous 

and organic electrolytes, respectively. Importantly, an outstanding rate capability was 

demonstrated by the high specific capacitance retention of 150 F g-1 (72.5%) and 95 F g-1 

(79.2%) when the current density increased to 10 A g-1. It not only provided a potential way to 

recycle mixed waste plastics but also put forward a facile sustainable approach for the large-

scale production of PCNS as promising electrode materials for supercapacitors. 

 

Graphical abstract 5). A schematic illustration for the fabrication of eucalyptus derived 

heteroatoms-doped hierarchical porous carbons. 

5) Eucalyptus-derived nitrogen/oxygen doped hierarchical porous carbons (NHPCs) 

were prepared by the synergistic action of the ZnCl2 activation and the NH4Cl blowing. 

Attributing to the high SSA, rational porosity, and sufficient N/O doping, the resulted materials 

manifested high gravimetric specific capacitance of 359 and 234 F g-1 at 0.5 A g-1 in three- and 

two-electrode systems with aqueous electrolytes. Meanwhile, high durability of 92% 
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capacitance retention through 10000 cycles test at 10 A g-1 and a high energy density of 48 Wh 

kg-1 at a power density of 750 W kg−1 were accomplished in a organic electrolyte. The low-

cost and facile strategy provided a novel route to transform biomass into high value-added 

electrode materials in energy storage fields. 

 

Graphical abstract 6). A schematic illustration displaying the formation of hierarchical porous 

carbons from peanut shells. 

6) N/O co-doped hierarchical porous peanut-shell derived carbons (NOHPPCs) were 

fabricated by a combined strategy of CoCl2 catalytic graphitization and ZnCl2 activation. The 

high SSA (1745-2257 m2 g-1), naturally N/O co-doping, and hierarchical porous structure 

jointly endowed the NOHPPCs-based electrodes excellent supercapacitor performances: high 

capacitance of 343 F g-1 and enduring long-cycle performance of 90.9% capacitance retention 

after 10000 cycles in a 3-electrode system with 6M KOH as well as the superior energy density 

of 42 Wh kg-1 at a power density of 375 W kg-1 in an organic electrolyte. 

 

Graphical abstract 7). A schematically synthetic process of the N/O/P-doped hierarchical 

porous carbon from egg white. 

7) Nano-CaCO3 was used as both template and activation agent to synthesize N/O/P co-

doped 3D hierarchical porous carbons. Na3PO4 solution served as the phosphorous source and 

auxiliary dispersant facilitating the formation of a homogeneous dispersion system composed 

of the not easy dispersed nano-CaCO3 and the carbon precursor of egg white. The as-prepared 
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carbon material exhibited high SSA (2576 m2 g-1), well-balanced PSD with a large microporous 

volume (0.65 cm3 g-1) and multi-heteroatoms doping (3.9% of N, 12.2% of O and 4.1% of P). 

They were synergistically beneficial to the excellent performance in supercapacitors: an 

ultrahigh capacitance of 452 F g-1 at 0.5 A g-1 and excellent cycling stability of 92.4% 

capacitance retention after 10000 cycles at 10 A g-1 in 6M KOH electrolyte. The energy density 

was 22.6 Wh kg-1 at the power density of 225.0 W kg-1 in the neutral electrolyte of 1M Li2SO4. 

Especially, the carbon material fabricated flexible symmetric solid-state supercapacitor 

delivered a high capacitance of 166 F g-1 and excellent flexibility of 86.3% capacitance 

retention with a bending angle of 180°. 

 

Graphical abstract 8). A schematic illustration for the preparation of carbons derived from 

zeolitic imidazolate frameworks-8 with different particle sizes for supercapacitors. 

8) By changing the ratio of 2-methylimidazole to Zn (NO3)2·6H2O, a series of zeolitic 

imidazolate frameworks-8 (ZIF-8) with different particle sizes (from 25 to 296 nm) were 

synthesized. The corresponding PCMs were obtained by directly carbonizing ZIF-8. Based on 

a serious characterizations and electrochemical measurements, an optimal particle size (~70 

nm) was obtained for the best supercapacitor performances in both acidic and alkaline 

electrolytes. The important result provided a significant reference to guide the future ZIF-8 

related research works to achieve superior performances in supercapacitors. 
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