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MNEPIAHWH:

Aerosol routes are attractive for materials synthesis as they offer fewer
process steps than conventional wet chemistry routes, easier particle collection
from gaseous rather than liquid streams and no liquid by-products that require
costly cleaning. In addition, aerosol-made particles and films have unique
morphology and high purity (e.g. optical fibers) and even metastable phase
composition contributing decisively to synthesis of a wide spectrum of
sophisticated functional materials.

Today particulate commodities such as carbon blacks, fumed silica, alumina
and titania are made by flame aerosol processes that had been developed
largely by evolutionary or Edisonian research. Recent breakthroughs, however,
in aerosol and combustion science allow now scalable flame synthesis of mixed
oxides, metal salts and even pure metals as well as nanostructured, layered
particles and solid or highly porous films with unique functionality contributing
to manufacture of novel catalysts, gas sensors, phosphors, battery and fuel cell
electrodes, nanocomposites dental prosthetics & even nutritional supplements!

Here, progress on one of the long standing challenges in flame aerosol
synthesis of materials will be discussed: core-shell particles made in one-step.
This has a number of applications in existing aerosol-made materials that have
to be incorporated in a liquid (e.g. paints: a light-scattering core, TiO,, coated
by an inert thin shell, SiO,) or polymer matrix (e.g. nanocomposites). Most
importantly many promising applications of nanoparticles require core-shell
structures (e.g. a magnetic Fe,O; core coated by a thin SiO, shell). So rutile
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titania nanoparticles made by a spray flame are hermetically coated by
judiciously positioning a hollow ring that delivers swirling hexamethydisiloxane
(HMDSO) vapour (precursor to SiO,) through multiple jets. By systematic
reactor design through computer fluid dynamic simulations, it is shown that
increasing the jet mixing power can substantially improve the degree of mixing
and quality of coating. The surface characteristics (zeta potential) of these
nanothin SiO,-coated rutile particles are different than those of either bulk TiO,
or SiO,. Certain IR vibrations (e.g. from Ti-O-Si bonds) are characteristic of
these thinly-coated particles and can be used to distinguish between SiO,-
coating and free SiO, particles.

If time permits, model will be presented accounting for aerosol coagulation
and sintering showing how flame process variables control shell thickness,
texture and efficiency.
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