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Synthesis of Core-shell Composite Particles with Void Layers and their Application as
Absorbents
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Department of Chemical Systems Engineering, Nagoya University
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To develop a template-free technique to make particles and composite particles hollowing,
oil-soluble initiators, which are azo compounds, were incorporated into polystyrene particles
and nitrogen gas was emitted inside the particles to make hollows from the decomposition
reaction of azo compounds. Furthermore, it was clarified that template-free hollow carbon
particles can be synthesized by cross-linking the hollow particles. In addition, it was found
that magnetite can be encapsulated to stick to the inner wall of the hollow carbon particles
by the dropping method.

We investigated the application of the synthesized hollow carbon particles to adsorbents,
and found that the primary sintered particles at 350C exhibited excellent methylene blue
adsorption performance due to abundant adsorption sites by the oxygen-containing
functional groups. Hollow particles have two surfaces, an outer wall and an inner wall, and
has more adsorption sites than solid particles. As for the secondary sintered microparticles
at 800C , the hollow particles showed better methylene blue adsorption performance than
the solid particles. It was found that the driving force for the adsorption of the secondary
sintered fine particles is the 7 - 7 interaction, which is less efficient than the electrostatic
interaction.
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Fig.1 Schematic illustration to synthesize of composite particles
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Fig.2 Silica composite particles: (a) TEM image of polystyrene silica particles; (b) TEM image of
polystyrene silica hollow particles; (c) TG curves of the synthesized particles.
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Fig.3 TEM images of the following particles: (a) hyper-cross-linking polystyrene
hollow particles; (b) hollow particles after carbonization at 350C ; (c) hollow
particles after carbonization at 800C .
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Fig.4 EDX analysis of carbon hollow particle with magnetite: STEM; EDX (C); EDX (Fe); EDX(O).
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Fig.5 Methylene blue (MB) adsorption performance test results using (a) particles after
carbonization at 350C ;(b) particles after carbonization at 800C .
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Fig.6 Illustration of interaction between malachite green (MG) molecules and graphene oxide
(GO): (a) electrostatic interaction between cationic functional groups of MG and
anionic functional group originated from the oxygen of GO; (b) 7 - n interaction
between phenyl groups of MG and electron clouds of GO.
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