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Syntheses of Silica Microspheres by SDBS-Modified Urea-Formaldehyde
Polymer Hybridization
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Abstract: Silica microspheres have been synthesized by crystalline polymerization reaction of urea and
formaldehyde in tetraethoxysilane hydrolyzate in the presence of sodium dodecyl benzene sulfonate. Influence of the
molar ratio of urea to formaldehyde, amounts of urea and formaldehyde, tetraethoxysilane (TEOS), acid, as well as
sodium dodecyl benzene sulfonate on the structure and feature of silica microspheres is first investigated in this
study. The suitable parameters above can lead to the silica microspheres with structural stability and uniform
dispersion. The nuclear shell structure of silica microspheres could form in the reaction condition of insufficient
amount of urea and formaldehyde, under the circumstances of outstanding crystalline polymerization of urea and
formaldehyde following by prominent silica hybridization. With the increase of acidity in the reaction system, the
twin peaks of silica microsphere pore size distribution turn into a uniform single peak. The use of surfactant made the
pore size distribution of the silica microspheres from a continuous range of 0 to 80 nm into a single peak. These
results are of importance for the extending and application of directly synthesizing silica microspheres in

tetraethoxysilane hydrolyzate.
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Table 1 Molar ratio of each material and its symbol under the different reaction contitions

Variable

Ny NEnrnang

Symbol

molar ratio of urea to formaldehyde

amounts of urea and formaldehyde

amounts of TEOS

amounts of acid

amounts of SDBS

1.0:2.0:2.0:0.189:0.00014
1.0:1.6:2.0:0.189:0.00014
1.0:1.0:2.0:0.189:0.00014

2.0:3.2:2.0:0.189:0.00014
1.0:1.6:2.0:0.189:0.00014
0.5:0.8:2.0:0.189:0.00014

1.0:1.6:4.0:0.189:0.00014
1.0:1.6:2.0:0.189:0.00014
1.0:1.6:1.0:0.189:0.00014

1.0:1.6:2.0:0.473:0.00014
1.0:1.6:2.0:0.189:0.00014
1.0:1.6:2.0:0.063:0.00014

1.0:2.0:2.0:0.189:0.00072
1.0:2.0:2.0:0.189:0.00028
1.0:2.0:2.0:0.189:0.00014
1.0:2.0:2.0:0.189:0.00000
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Fig.1 FE-SEM images of silica microspheres obtained with the different molar ratio of urea to formaldehyde
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different molar ratio of urea to formaldehyde
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Fig.3 FE-SEM images of silica microspheres obtained with the different amounts of urea and formaldehyde
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Table 2 Nucleation induction periods and initial precipitation analysis of hybrid materials obtained with

the different amounts of urea and formaldehyde

Samples HyU,F5, HyUF¢ HyUysFos
nucleation induction periods / min (29 °C) 3.85 6.42 17.2
initial precipitation quality / g 1.98 0.653 0.111
oxidation silicon content of initial precipitation / % 4.01 4.25 2.80
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Fig.4 IR spectra of hybrid materials obtained with the

different amounts of urea and formaldehyde
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Fig.5 Liquid nitrogen isotherms of silica microspheres

obtained with the different amounts of TEOS
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Fig.6  Liquid nitrogen isotherms of silica microspheres

obtained with the different amounts of acid
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Fig.7 FE-SEM images of silica microspheres obtained with the different amounts of SDBS
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