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ABSTRACT: Phenolic/furfural (P/F) gel microspheres were successfully produced by new
supercritical CO,-based process. CO,-soluble poly(dimethylsiloxane) (PDMS) was used as the
stabilizer in this system. Spherical morphology of the gel microspheres was confirmed by
scanning electron microscopy. Particle size and particle size distribution of P/F gel micro-
spheres can be modified by variety of the solids content and the stabilizer content. The
resultant P/F gel microspheres have average particle size in the range of 1-6 zm. The struc-
ture of P/F gel microspheres was revealed by thermogravimetric analysis and IR analysis.
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5. high pressure reactor
6. temperature controller
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Figure 1. Schematic of experimental setup . fer

synthesis of P/F gel microspheres.
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Table 1. Recipe for P/F Gel Microspheres at Dif-
ferent Solids Content

solids content

components o o 15 wi% 20 wt% 30 Wit
phenolic novolac 152g 227¢ 303g 453g
furfural 152g 227g° 303g 453¢g
p-toluenesulfonic acid® 0.31g 0.46g 4061g 093g
heptyl alcohol 30g 283g 267g 233g
poly(dimethylsiloxane)® 6.67g 667g 667g 667¢g

920 wt% baseed on phenolic novolac. * Poly(dimetylsiloxane):
20 wt% based on dispersion phase (phenolic novolac+ furfural +
p-toluenesulfonic acid + heptyl alcohol).

Table 2. Recipe for P/F Gel Microspheres? at Dif-
ferent Stabilizer Content

stabilizer content

components Swi%  10wi% 20 wid
phenolic novolac 453¢g 453g 303¢g
furfural 453¢g 453¢g 303¢g
p-toluenesulfonic acid® 093g  093g 06lg
heptyl alcohol 233g 233g 267g
poly(dimethylsiloxane) 166g 333g 667g

230 wt% solids content. ® 20 wt% based on phenolic novolac.
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Table 3. Differences in the Process for Producing
P/F Gel Microspheres and R/F Gel Microspheres

R/F gel P/F gel
microspheres® microspheres
type.of . sol-emulsion-gel sol-emulsion-gel
polymerization
continuous phase cyclohexane supercritical CO,
ly(dimethyl-
stabilizer Span 80 . » siloxane)
(W/0 emulsifier) /00, emuisifier)
solvent in gel water alcohol
route to aerogel
(solvent
exchange prior needed not needed
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Scheme 1. Schematic diagram of the P/F gelation mechanism: (a) addition polymerization, (b), {¢) condensation

polymerization, and (d) disproportionation termination..
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" Figure 2. SEM micrographs of P/F gel microspheres at different solids content: (a) 10 wt%, (b) 15 wt%, (c) 20 wt%,

and (d) 30 wt%.
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Figure 3. Average particlé sizes and particle size dis-
tributions of P/F gel microspheres at different solids
content: (a) 10 wt%, (b) 15 wt%, (c) 20 wt%, and (d)
30 wt%.
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Figure 4. SEM micrographs of P/F gel microspheres
at different stabilizer content: (a) 5 wt%, (b) 10 wt%,
and (c) 20 wt%.
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