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Synthesis of ordered mesoporous carbons by a soft-templating method

AEM . AR

Norikazu Nishiyama® -* and Shunsuke Tanaka®

Ordered mesoporous carbons were synthesized by using an organic-organic self-assembly (soft-templating) method using

resorcinol (R) / formaldehyde (F) and triblock copolymer Pluronic F127. A hexagonal mesostructure with channel like pores

(COU-1) with a pore size of 4.7—5.8 nm and a 3D wormhole-like mesopore structure (COU-2) with a pore size of 4.8 nm

were synthesized using precursor solutions with different mass ratios of F127/RF resin. The mesoporous carbons were

activated by using KOH to improve their porosity. The KOH-activated COU-2 carbon showed superior capacitance

compared to the COU-2 carbon and a commercial microporous carbon. Ultrathin carbon films with a monolayer of uniform

mesopores were also synthesized on a silicon substrate by contacting a triblock copolymer film with a benzyl alcohol vapor

followed by carbonization.
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Fig.1 Schematic illustration of the synthesis routes for ordered
mesoporous carbons. (a) Hard template method. (b) Soft
template method (direct synthesis route).
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Fig.2 Possible structure of organic-organic assembly composed of
triblock copolymer/resorcinol-formaldehyde resin.

Table 1 Synthetic conditions, structures and pore sizes.

Sample Molar ratios Structure d(BJH) (nm)
RF-F127(1) F127/R=0.0027  Hexagonal 4.7
RF-F127(2) F127/R=0.0054  Hexagonal 5.8
RF-F127(3) F127/R=0.0081 Wormhole-like 4.8
RF-F127/P123  F127/R=0.0027  Hexagonal 6.8

P123/R=0.0027

(a) RF-F127(1) (COU-1)

(b) RF-F127(3) (COU-2)
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Fig.3 TEM images of mesoporous carbons carbonized at 800 C.
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Table 2 Textual properties of the porous carbons.

Sample Sger! Sum? dpyi® Vineso' VP
(m%g) (m%g) (nm) (cm¥/g) (cm/g)
AC 1047 787 0.24 0.75
K-AC 1464 1085 0.32 1.03
COU-2 694 264 5.5 0.48 0.54
K-COU-2 1685 847 5.5 0.75 0.94

'Total surface area calculated using the BET method.

2Ultramicropore (d<0.7 nm) surface area calculated using the t-plot.
*Mesopore diameter calculated using the BJH method.

*Mesopore (2 nm<d< 10 nm) volume calculated using the BJH method.
STotal pore volume as the amount of N, adsorbed at a relative pressure of 0.99.
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Fig.4 Capacitance of COU-2, K-COU-2, AC and K-AC in (a) 1 M
sulfuric acid aqueous solution and (b) in 1 M EtsNBF4/
polypropylene carbonate solution.
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Fig.5 FE-SEM images of carbonized COU-1. The carbonization
temperatures were as follows: (A, B) 400°C, (C, D) 600 C
and (E, F) 800 C.

Fig.6 TEM image of D-COU-1
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Fig.7 Change in d-spacings under carbonization.
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Fig.8 XRD (CuKo) patterns of (a) a triblock copolymer film, (b)

a benzyl alcohol vapor-treated film, (c) a carbonized film.
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Fig.9 FE-SEM image of the cross-section of the carbon film.
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Fig.10 TEM images of the carbon film.
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Fig.11 The formation mechanism for the mesoporous carbon film.
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