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Abstract: Micro-supercapacitors (MSCs) are microscale power supply systems that exhibit
high power density, rapid charge-discharge capability, long cycle life, good flexibility, and
excellent safety, making them a research hotspot in intelligent electronics. The development of
electrode materials with high electrochemical activity, good conductivity, and outstanding
stability is the key to enhancing the energy density of MSCs. Recently, two-dimensional (2D)
mesoporous materials have been regarded as a promising electrode candidate for MSCs due
to their large specific surface area, abundant active sites, and well-developed mesoporous
structures, which can effectively overcome the limitations of restacking of 2D materials and
the long ion transport pathways in bulk mesoporous materials. This review focuses on the
recent advances of 2D mesoporous materials in MSCs. First, the energy storage mechanisms
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of MSCs and the structural advantages of 2D mesoporous materials are highlighted. Second,
various 2D mesoporous materials for MSC applications are comprehensively summarized,
including 2D mesoporous carbons, metal compounds, conductive polymers, and 2D
mesoporous composite materials based on graphene, MXene, metal sulfides, etc. Notably, the
mechanisms of electrochemical performance enhancement enabled by the 2D mesoporous
structure are elucidated. Finally, an outlook on the development directions and application

prospects of 2D mesoporous materials in MSCs is provided,

contributing to the

conceptualization of novel 2D energy materials and high-performance miniature power

supplies.
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mesoporous materials and their ion migration paths
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Fig. 8 (a) Schematic diagram of the preparation of MSP-TaS, and MSCs, (b) pore size distribution profile of
MSP-TaS,, (c) volumetric capacitance of TaS,-based MSCs™
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Fig. 9 (a) Schematic diagram of the preparation, (b) HRTEM image, (c) pore size distribution of p-Ti,C,T *"; (d)
Schematic diagram of the preparation of HMX/rHGO film, (e) STEM image of HMX, (f) atomic force microscopy
(AFM) image of HMX, (g) TEM image of HGO®™
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Fig. 10 (a) Schematic of the synthesis, (b) SEM image, and (c) TEM image of mPPy nanosheets®;
(d) Schematic diagrams of PFCA and PS-b-PEO micelles, (e) SEM image, and (f)TEM image of mPANi
nanosheets®™
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Fig. 11 (a) Schematic diagram of the synthesis of 2D mesoporous polymer/graphene nanosheets, (b) TEM
image of mPPy/rGO, (c) schematic of ion-electron transport in mPPy/rGO""; (d) TEM image of mNC/G, (e)
Specific capacitance of mNC/G with different mesopore size, (f) Ragone plot of mNC/G-MSCs, (g) application
exhibition of mMNC/G-MSCs"; (h) Schematic illustration of the preparation process of MSCs (insets: SEM
images of mesoporous Fe,0, and MnO, nanosheets)"™”
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Table 1 Electrochemical performances of different two-dimensional mesoporous materials based micro-
supercapacitors
N . [ITRYi 28 = G ¥ VAV 25
bR fgenm AR RE COREE g
/(m*/g) /(mF/cm?) /(mF/cm®) SCHR
/(MWh/cm?)  /(mWh/cm?)

MDC 2~4 2604 PVA/H,SO, 9 12.92 — 1.8 [58]
oMCs £110 650 PVA/H,SO, 8.44 0.028 — 3.9 [60]
BCNN 1~10 415 EMIMBF ,/PVDF-HFP 80.1 — — 67.6 [70]
imNC 7~22% 222~413”  PVA/H,SO,f1EMIMBF,/SiO,  29.1 — 41.90 — [63]

HGF — 1560 EMIMBF /AN® — 0.212 — 49 [65]

AG — #2900 LiTFSI-P,, TFSI-PVDF-HFP 27.8 0.0428 — 53.5 [75]

AG — 2380 NaTFSI-P,,TFSI-PVD-HFP — 0.0195 — 37.1 [76]
m-MnO, 5~15 128 LITFSI/SIO, 16.1 — — 216 [42)
MnO, 3.5~10 41 20 M LicCl 43 66 35 533 [81]
NF@C-650 #3.9 — NaBF,-EMIMBF,-PVDF-HFP 41 — 60.7 — [83]
MSP-Tas, #)0.95 — PVAI/LICI — 0.508 — 58.5 [44]
p-Ti,C,T, — 93.6 — — — — — [45]

mPPy 8~13.6% 73~96% — — — — — [92]

mPANi 7~18% 85 — — — — — [93]

mPPy/rGO £ 126~157 PVA/H,SO, 81 — — 2.3 [97]
mPPy/rGO-POM 142 PVA/H,SO, 115 — — 4.8 [98]
mNC/G 7~22% 433 PVA/H,SO, — 0.021 — 1.9 [99]
MnO,/Fe,0, 100/50 PVA/LICI — 0.1106 — 39 [100]
mC@Mxene 7~22% 1049 EMIMBF,/SiO, 21.9 — 181.3 — [104]
ppy/MXene 7.8~52.0°  129~188% — — — — — [105]
NiCoMoS-Ti,C,T, — 25.1 PVA/KOH — 1.456 — 50.6 [103]
B ALBkIMoS, 9 — — — — — — [95]
mPANi/MoS, #4312 258 — — — — — [96]
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