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Boosting the Supercapacitance Performance of Mesostructured Carbon
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Abstract Electrical double layer capacitors (EDLCs) with the merits of high power density and fast charging/discharging
have been widely used in the different fields, e.g. green energy and national defense, which is however limited by the unsatis-
fied energy density. The factors dominating the EDLCs performance mainly include the specific surface area, pore structure
(i.e., ion transport channel), conductivity and wettability of the electrode material, the working voltage window and ionic
conductivity of the electrolyte. In recent years, mesostructured carbon nanocage have been attracting more and more attention
as advanced platform materials for energy storage and conversion, which have a particularly broad application prospect in the
field of supercapacitors. Based on the rule of solubility product and the carbothermal reduction method, herein we have de-
veloped a new route to regulate the pore size distribution of hierarchical carbon nanocages (hCNCs) and effectively increased
the number and size of the channels across the shells of hCNCs. The optimized sample exhibits excellent supercapacitive
performances in KOH and 1-ethyl-3-methylimidazolium tetrafluoroborate (EMIMBF4) electrolytes: the specific capacitance
of 255 and 220 Feg ' at 1 Asg ! (50% and 25.7% higher than those of the pristine hCNCs); 179 and 129 Feg ! at a high cur-
rent density of 200 A+g ! (68.9% and 33.0% higher than those of the pristine hCNCs); energy density of 12.8 Whekg '@0.3
kWekg ! and 116 Whekg '@0.97 kWekg !, respectively. Such excellent electrochemical performances can be attributed to
the introduction of small-sized mesopores and the increase in number and size of micropores on the shells of hCNCs, which
much increases the specific surface area and benefits the rapid transport of ions through the microchannels on the nanocage
shells. This study provides a new thought to develop the advanced supercapacitor electrode materials.

Keywords supercapacitor; mesostructured carbon nanocage; carbothermal reduction activation; enlarging pore sizes; ion
transport channel
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Figure 1 Preparation and structural characterizations of hCNC-x. (a) Schematic preparation process. (b~1i) Scanning electron microscopy (SEM) and
transmission electron microscopy (TEM) images of MgO@C (b, ¢)» FeOOH/(MgO@C)-0.5% (d, )~ hCNC-0.5% (f, g) and hCNC (h, i). (j) XRD patterns.
(k) TG-MS plots of FeOOH/(MgO@C)-0.5%, m/z presents mass charge ratio (The signal of H, H,O and CO, occurs in carbothermal reduction reaction at
300~400 C). Inset of (e) is corresponding high-resolution transmission electron microscopy (HRTEM) image. The lattice spacing of 0.623 nm of the
nanoparticle corresponds to the (020) lattice plane of FeOOH (PDF No. 76-2301)
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Figure 2 Evolution of physical parameters for hCNC before and after enlarging pore sizes. (a) N, adsorption/desorption isotherms. (b) Pore size distribu-
tions, inset is the local enlargement of the micropore distributions. (c¢) Specific surface area (SSA), pore volume and bulk conductivity. (d) Raman spectra.
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Figure 3 Electrochemical performance of hCNC before and after enlarging pore sizes in 6 moleL ' KOH electrolyte. (a) CV curves at the scan rate of
100 mVes !, (b) CP curves at the current densities of 1 and 200 A*g !, respectively. (c) Plots of Cy versus current density. (d) Nyquist plots. (¢) Ragone
plots. (f) Cycling stability and Coulombic efficiency of hCNC-0.5% at the current density of 50 A*g !
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Figure 4 Electrochemical performance of hCNC before and after enlarging pore sizes in EMIMBE, electrolyte. (a) CV curves at the scan rate of 100
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BRI SR
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4.1 ERARIEHE

MgO@C fill#%: R AR B R 1 B A S A At
BREAE 800 °C T4 MgO@C. KEA 3D 73 REEHIH)
Bl U R B (4AMgCO3*Mg(OH)2*5H,0) (4 @) B Tar e
FREATEE R, £E 100 scem RS LL 10 Cemin ' EEFR
THRZ 800 C, IS LL 50 pLemin ' HHERLH 2
HEFE 400 L 2K, fRIE 1 h, 76 Ar S BB EIETHE,
BN A M 45H MgO@C. H 6 molL ™' HCI & MgO,
MK Z R E i, WIE TR, BI1E 0 IR
YIKFE(MCNC).

hCNC-x #EH % B MgO@C RIS &Rk FE 1Y
Fe(NO3); 7KIF H (Fe/C Jln mE KL x 5 0.1%, 0.5%F!
1.0%), Pk 20 min. #HE. AT BTG AR
fE Ar S EL 10 Ceomin P EFHE R 350 C, fRif 1
h, HRAHE=IE, H 6 moleL™' ] HCI %% MgO Al
Fe, HIM4/KZ R E R, Wik, IS
FLI o> BEEFITRANKTE. T AE K IR Ay % 4 hCNC-
0.1%, hCNC-0.5%#11 hCNC-1.0%.
4.2 RIS FIGEHRAE

fi F 4 8 7 2 U85 (SEM, Hitachi S4800, 5 kV).
0 HE T LT B MBS (HRTEM, JEM-2100, 200 kV). i
Z %1% (HORIBA, LabRAM Aramis, Ar & T #0065,
PR WK 514 nm) . X B 2R % 7 BE B 4L (XPS,
ULVAC-PHI INC, PHI 5000 VersaProbe). X & H7 5%
(XRD, Bruker, D8 Advance A25, Cu #E, K,;=0.154056
nm). FE-JF % T (TG-MS, NETZSCH STA 449F3-
QMS 403C Aéolos)~ LR THFFAFLS> 4 73 H11X(Thermo
Fisher Scientific Surfer Gas Adsorption Porosimeter,
300 CHiAab®EE 6 h, WA (77 K) Tl &, Brunauer-
Emmett-Teller (BET). Horvath-Kawazoe (HK, <2 nm)
F1 Barrett-Joyner-Halenda (BJH, >2 nm) /5 £ ALK Fff
THEIRS BET thRmA . SfL-NFL- KL A). 7
18 [E DataPhysics 1 #5251 OCA30 B4 fi 7 I &A% |
TRRBH /K Bl £ © 3@t PULRIEAE Keithley 6430 &
FER RS
43 HRHIEMBRESRER
431 WHA FH &

B, BiE A RLH1.0000 mg, Sartorius MSE2.78S,
2.1 g/0.0001 mg). LHEEFIEVIH LM (PTFE) (Aladdin,
R 60% K B I R EE L 8.5 1 1 1 0.5 7R
TR TR G I ST IR, K FEAEIA NI b, 7
120 CTFHEZ T 12 h.
432 EDLC 4%

XFF 6 moleL ! KOH FEMEE, K WA HH A ¥ FEAR
BRI 78 8%, XHF EMIMBF, U, 7E Ar SR
FEFPKA O, &8 <1 ppm (ppm, parts per million,
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Voo )P R [R] 1) E AR R e R — I S AR 1 I
HAETE CR2032 A ST, FRR FH 2 FL4F
Yr KL
433 ABLR WK EPEAE MK

FT ) Ha AL 2R 7E Biologic VMP3 HiAL 2 TAF ik
kAT, £ KOH HUREH, fEIARZ2 22 (C V)l
R AFAHEGEFE 20~500 mVes ' HEJERH 0~12V
FA 8 B P AR, I E AL (CP) IR 45 2F D H I 256 P
1~200 Aeg '\ HJER 1 0~12V. £ EMIMBF, HLf#
o, CV R A S 50~2000 mVes ', HL R
9 0~3.9V,CP ML HITE N 1~200 Aeg ' HE
% 1A 0~3.9 V. SRH CPIETE 50 Asg [P HEI S B T T
AR IR AR e M. FAL 2 BT (BIS) Wk 2% 14
RPRME 5 mV. AR 10 2~10° Hz.

BB A R B L R (Coe, Fog ™) HH Eq. 1 A CP 5 ER
S R E[RE

Car=2 X IXAt/(m X AU) (1)
FHorb, 230 HLIRD, A2 TR IS ), 2 BEAS HEAR, L35
PRI BT 8, AU 72 FF R FUR B (IR) I P He e 1.

A B B R (Ew, Whekg D HH Eq. 2 11515

3211,
Ewt=Cwu X (AU)*/(2X4X3.6) )
P T B D) 2R 5 B (P, Wekg HH Eq. 3 THELAS 221
Poi=FEwi X 3600/A¢ (3)
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