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This study focuses on the detailed analysis of single particles from oil combustion. An oil
burner (ELCO, type 01H 27A LD0, blue flame) for residential heating was used as a
particle source. The exhaust gas was diluted using a rotating disc diluted (Matter
Engineering) and the volatile fraction of the exhaust gas was removed with a
thermodesorber (Dekati) operated at 250°C. Grain size distributions (10 – 500 nm) were
recorded with an SMPS system (TSI, Model 3034). Particles were sampled directly on
TEM grids (copper, lacy carbon) using a custom built electrostatic sampler. The oil burner
was operated at oxygen deficiency and optimal burner settings.
Experiments with oxygen deficiency:
These experiments were performed to test the electrostatic sampler. The SMPS scan
indicates a unimodal size distribution (mode: 41 nm). Transmission electron microscopy
(TEM) images (bright field) confirmed these findings. Aggregates of various sizes
consisting of numerous primary particles were found. Images taken at higher
magnifications (> 100’000) revealed a turbostatic structure, typically observed in soot
particles.
Experiments at optimal burner settings, operated without a thermodenuder:
Also here the SMPS scan indicates an unimodal size distributions with a mode at 13 nm.
Scanning electron microscopy images confirmed that the particles were homogeneously
deposited of the TEM grids. However, due to contamination at high magnifications
(>200’000x) and instabilities of the particles under the electron beam the structure of the
particles could not be resolved. Thus, the sample was investigated using a TEM (FEI,
CM30, LaB6 source), operated at 200 kV in bright field mode. However, due to radiation
damage, the particles could only be imaged very quickly under moderate magnifications
(20’000x) before they completely evaporated leaving no residue. Thus, these particles
appear to be volatile particles.
Experiments at optimal burner settings, operated with a thermodenuder (250 °C):
Most of the particles could be removed, when a thermodenuder (operated at 250°C) was
used. However, a small fraction of particles (mode < 10 nm) remained and thus appear to
be solid. High resolution TEM imaging revealed distinct lattice fringes, which point towards
a crystalline nature of these particles.
In summary: In experiments with a thermodesorber operated at 250°C, crystalline particles
were detected in the TEM. In experiments performed without a thermodesorber, particles
were not stable under the electron beam and thus are most likely volatile particles.
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