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This technology is used routinely for gas-phase (aerosol) manufacturing of carbon black, fumed 

SiO2, pigmentary TiO2, filamentary Ni and ZnO for rubber vulcanization as well as for advanced 

materials (e.g. photocatalysts, nanofluids and biomaterials) with a number of functionalities and 

high-performance applications. Aerosol processes offer distinct advantages in large-scale 

synthesis (tons/hr) of such nanostructured commodities, facilitate particle handling and the 

formation of materials of high purity (e.g. optical fibers) with unique morphology and can even 

form metastable phases (e.g. low temperature BaCO3 for NOx storage-reduction catalysts). 

Furthermore, they allow more rigorous process design than in liquid-phase production of 

particles. So they easily form mixed oxides, salts and even pure metals and highly porous but 

stable films resulting in novel catalysts, micropatterned sensors, phosphors, battery electrodes, 

dental prosthetics and even nutritional supplements
1
. This has led to synthesis and sales of new 

materials (e.g. iron nanoparticles for nanofluids) and construction of pilot scale facilities by  

catalyst manufactures (e.g. Johnson Matthey).  

Such nanostructured materials consist of clusters of primary particles (PPs) that are formed by 

chemical reactions, condensation/evaporation or surface growth and grow further by sintering and 

coagulation. Depending on process conditions and particle residence time, coagulation and 

sintering (or partial coalescence) result in either aggregates (PPs held together by strong chemical 

bonds) which are attractive in catalysis, lightguide preforms and electronics and/or agglomerates 

(PPs held together by rather weak, physical forces) that are attractive in nanocomposites, 

pigments and liquid suspensions. So renewed emphasis is placed on the fundamentals of flame 

aerosol synthesis of aggregates and agglomerates of particles
2
. For example, primary particles in 

an aggregate can have a narrower size distribution that their clusters as it is predicted by self-

preserving theory
3 
and verified experimentally at Cabot

4
.  

As a result, sophisticated material architectures,
5
 highly active under visible light have been 

prepared comprising of titanium suboxide (e.g. Ti4O7, Ti3O5) layers onto nano-Ag on nano TiO2. 
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Abundant combustion intermediates present during flame synthesis of these materials partially 

reduce TiO2 and induce strong metal-support interactions (SMSI) resulting in crystalline Ti-

suboxides that are stable upon annealing in air, at least, up to 350 
o
C for two hours. Under visible 

light (λ > 400 nm), these particles exhibit strong photo-reduction of cationic species (Cr
6+

) & 

photo-oxidation of methylene blue (15-min half-life).  

Furthermore, portable, highly selective sensors
6
 have been prepared consisting of flame-made, 

metastable -WO3 for on- and off-line monitoring of breath acetone, a tracer for diabetes type-1 

and even burning of body fat . These sensors accurately detected breath acetone with fast 

response-recovery times and a high signal-to-noise ratio of human subjects. Best correlations 

were found after overnight fasting (morning) between sensor response and blood glucose and 

breath acetone
6
. Such applications have motivated the assembly of industrial prototypes.

7
 

Finally and as time permits this lecture will give the latest on the fascinating dynamics of cluster 

morphology
8
 and nano-crystallinity

9
 by mesoscale and molecular dynamics, respectively, in 

connection to mass-mobility and microscopic measurements and product performance. 
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