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Abstract

3D porous carbon electrodes (cNPIM), prepared by solution casting of a polymer of intrinsic microporosity (PIM-1) followed
by nonsolvent-induced phase separation (NIPS) and carbonization are presented. In order to effectively control the pore size
of 3D porous carbon structures, cNPIM was prepared by varying the THF ratio of mixed solvents. The SEM analysis revealed
that cNPIMs have a unique 3D macroporous structure having a gradient pore structure, which is expected to grant a smooth
and easy ion transfer capability as an electrode material. In addition, the cNPIMs presented a very large specific surface area
(2,101.1 m%/g) with a narrow micropore size distribution (0.75 nm). Consequently, the cNPIM exhibits a high specific capaci-
tance (304.8 F/g) and superior rate capability of 77% in an aqueous electrolyte. We believe that our approach can provide
a variety of new 3D porous carbon materials for the application to an electrochemical energy storage.
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Table 1. Non-solvent Induced Phase Separation Conditions of Porous Polymer Films

Mix-solvent ratio (wt%)

Sample

Initial casting Thickness (pm)

THF DB
NPIM-0 0 10 300
NPIM-3 3 7 300
NPIM-5 5 5 300
NPIM-7 7 3 300
PIM-1 film NPIM cNPIM

1m

Figure 1. Photographs of PIM-1 film, NPIM, and c¢NPIM.
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Figure 2. SEM images of (a) NPIM-0, (b) NPIM-3, (c¢) NPIM-5, and
(d) NPIM-7.
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Table 2. Textural Parameters of 3D Porous Carbon Electrode (¢cNPIM-7) and Non-porous Carbon Electrode (cNPIM-0)

sample Surface area (m?/g) Micro pore volume (cm’/g) Total pore volume (cm’/g) Average pore diameter (nm)
cNPIM-0 1,840 0.85 0.91 2.44
cNPIM-7 2,101.1 0.87 1.23 4.16
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Figure 4. (a) N, adsorption-desorption isotherms, and (b) pore size
distribution of cNPIM-0 and cNPIM-7.
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Table 3. In Three-electrode System, Comparison of the Surface Area and Specific Capacitance of Electrodes for SCs in Aqueous Electrolyte

Electrode Surface area (m%g) Specific capacitance (F/g, current density) Reference
Micro porous carbon 1,069 313 (2 mV/s) 19
Activated carbon 1,840 180 (0.25) 20
Templated carbon 1,262 150 (1 mV/s) 21
Activated sucrose-derived carbon 2,102 163 (1 Alg) 22
Porous carbon nanofiber 3,124 270 (1 Alg) 23
cNPIM-7 2,101.1 304.8 (10 mV/s) This work
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Figure 5. In three-electrode configuration, (a) CV curves and (b) rate
dependent capacitances of cNPIM-0, cNPIM-3, cNPIM-5, and
cNPIM-7.
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