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Abstract — The phenolic beads in macrosize range were obtained by suspension polymerization at 98 °C from phenol
and formaldehyde in the presence of basic catalyst with a phenol to formaldehyde (P/F) range of 1:1~1:4, and they were
carbonized to spherical carbon beads under nitrogen at 700 °C. Thermal analysis on spherical phenolic beads obtained
by suspension polymerization showed that the postcuring process is essential. In order to optimize the suspension poly-
merization, the effects of the P/F molar ratio, the pH of catalyst, and the molecular weight of stabilizer on the size dis-
tribution and yield of spherical phenol beads were examined separatively. The particle size was increased whereas the
yield was decreased with P/F molar ratio. The increasing basicity of catalyst made the particle size to increase, while the
molecular weight of stabilizer had more effect on the yield rather than on the particle size distribution. The thermal sta-
bility of the spherical phenolic beads obtained through postcure was also examined by TGA. The phenol beads of high
P/F ratio still showed the weight loss at 220 °C even after postcure due to the high possibility of dibenzyl ether, while
those of low P/F ratio showed the steady decrease in weight during 220 °C to 400 °C, which showed that the optimal P/F

ratio was 1:2.
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Fig. 1. Synthesis of resol—type phenohc resin.
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Fig. 2. Thermal characteristics of phenol oligomer, crosslinked phe-
nol bead, and postcured ones : (a) DSC exotherms of phenolic
oligomer (green line), phenolic beads cured at 98 °C (red line),
and phenolic beads after postcured at 150 °C (blue line). (b)
Thermal stability of phenolic beads with no postcure (red line),
with postcure process at 150 °C (green line), and with postcure
process at 300 °C (blue line) measured by TGA. The phenolic
beads in this figure ware obtained with the condition of A2
in Table 1.
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Fig. 3. Photo images of phenolic beads (a) cured at 98 °C, x1, (b)
after postcure at 150 °C, x1, and (c) after postcure at 300 °C,
x100. (d) is a SEM image of a phenolic beads after postcure
at 150 °C, x250. The phenolic beads in this figure ware obtained
with the condition of A2 in Table 1.
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Fig. 6. Thermal stability of phenolic beads (a) cured at 98 °C, and (b) after postcure at 150 °C.

Table 1. Synthetic composition in suspension polymerization of phenolic

beads

Symbol Catalyst P/F ratio Stabilizer

Al TEA 1:1 PVA 15k

A2 TEA 1:2 PVA 1.5k

A3 TEA 1:3 PVA 1.5k

Ad TEA 1:4 PVA 1.5k

B1 TEA 1:1 PVA 15k

B2 TEA 1:2 PVA 15k

B3 TEA 1:3 PVA 15k

B4 TEA 1:4 PVA 15k

Cl NH,OH 1:1 PVA 1.5k

C2 NH,OH 1:2 PVA 1.5k

C3 NH,OH 1:3 PVA 1.5k

C4 NH,OH 1:4 PVA 1.5k
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