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Facile Preparation, Structural Control and Spheroidization of Mesoporous Car-
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Abstract: Mesoporous carbons (MC) with controlled pore structure were synthesized using hydrolyzed water glass
(sodium silicate) as hard template precursor. The mixture of carbon precursor (resorcinol-formaldehyde) sol and
silica sol followed by Sol-Gel process generated a polymer/silica dual hydrogels. After ambient drying, carboniza-
tion and HF etching, mesoporous carbons with developed mesoporous structure were obtained. The hydrolysis
conditions of water glass including hydrolysis temperature and hydrolysis time, and the weight ratio of RF polymer
to silica were studied respectively to investigate their effects on the mesoporous structure. The microstructures of
the mesoporous carbons were characterized by N, adsorption, SEM and TEM observations. It was found that
as-prepared mesoporous carbons displayed disordered mesoporous channels which replicated from the initial
colloidal silica networks. The average mesopore size could be precisely adjusted in the range from 6 nm to 12 nm
by tuning the hydrolysis time and hydrolysis temperature, while the total porosity could be controlled by changing
the weight ratio of polymer precursor to silica. Furthermore, with the assistant of suspension polymerization and

spray drying technologies, spherical mesoporous carbons with millimetre and micrometer-sized particles were
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drying technologies, spherical mesoporous carbons with millimetre and micrometer-sized particles were produced,

respectively. The present work provides a low-cost approach for deliberately controlling the mesoporous structure

and spherical morphology to mesoporous carbons that can be extended to many different applications.
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Fig. 2 Nitrogen adsorption-desorption isotherms (a) and the BJH pore size distributions (b) of the mesoporous carbons prepared
with different hydrolysis time
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Table 1 Porous structure parameters of the as-prepared mesoporous carbons

Sample Sper/(m*g ™) Vil (cm®+g™) V/(em® g™ D,/nm
MC-60-0-1 1148 0.08 1.5 6.5
MC-60-2-1 1124 0.09 1.7 7.7
MC-60-4-1 1084 0.15 1.8 10.7
MC-60-6-1 1131 0.12 1.9 12.4
MC-40-4-1 928 0.07 1.8 9.5
MC-80-4-1 845 0.09 1.9 12.0

MC-60-2-0.75 1244 0.09 2.3 7.7
MC-60-2-1.25 839 0.20 1.1 7.7
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Fig. 3 Nitrogen adsorption-desorption isotherms (a) and the BJH pore size distributions (b) of the mesoporous carbons prepared at
different hydrolysis temperatures
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Fig. 4 Nitrogen adsorption-desorption isotherms (a) and the BJH pore size distributions (b) of the mesoporous carbons prepared at
different mass ratios of polymer to silica
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Fig. 5 Typical SEM images of the mesoporous carbon spheres (a, b) and mesoporous carbon microspheres (d, ¢) and the typical
TEM images of the mesoporous carbon spheres (¢) and mesoporous carbon microspheres (f)
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Fig. 6 Nitrogen adsorption-desorption isotherms (a) and the BJH pore size distributions (b) of the mesoporous carbon spheres and
mesoporous carbon microspheres
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Table 2 Porous structure parameters of the as-prepared
mesoporous carbon spheres and mesoporous carbon mi-

crospheres
Sample szsET-/l ng/-l \gt/ -1 D
(m™g")  (em™g")  (cm™g") /nm
MCSs 853 0 2.3 9.5
MCMSs 1165 0.21 1.7 6.5
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