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Summary:

Advances in combustion-aerosol gas sensors enable today mobile health monitoring, on-site food
safety assessment and air quality tracking to immediately alert people of potential hazards. This
presentation will discuss examples of sensors made by combustion aerosol technology highlighting
their distinct advantages over traditional wet chemistry processing. These advantages are traced to
combustion’s steep temperature gradients and high particle concentrations during sensing particle
formation and film deposition. Finally, sensor systems (arrays and filters) and their integration into
devices with validation under realistic conditions is presented.

Keywords: Chemoresistive sensor, Gas sensor, Nanotechnology, Porous films, Inorganic materials

Flame-made gas sensors enable today hand-
held devices [1] for mobile health monitoring,
on-site food safety assessment and air quality
tracking to immediately alert people of potential
hazards. Therein, combustion aerosol technol-
ogy has distinct advantages for the assembly of
chemoresistive gas sensors compared to their
traditional wet chemistry synthesis. These ad-
vantages are traced to combustion’s steep
temperature gradients and high particle concen-
trations during sensing particle formation. This
gives direct access to a plethora of material
compositions (e.g. metastable phases, solid
solutions, mixed oxides) and fractal-like porous
but rigid structures that can lead to unique sen-
sor selectivity, sensitivity and stability along with
short response and recovery times [2].

The characteristics of sensing films and their
operation determine the performance of gas
sensors. Figure 1 summarizes the assembly of
flame-made gas sensors. Conventionally they
are put together using flame-made metal-oxide
particles collected on filters. Then, such
particles are suspended in fluids to form slurries
or pastes that are screen-printed, doctor-
bladed, drop- or spin-coated onto sensor
substrates followed by drying and stabilization
annealing to form the sensing films.
Alternatively, such films are assembled by fla-
me-aerosol deposition onto sensor substrates
bypassing all wet-chemistry steps. These films
are grown by combustion of appropriate
precursors and deposition of either molecular
clusters (i.e., Combustion Chemical Vapor
Deposition) or particles. During such deposition,
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the electric resistance of the sensing film can
be measured online to optimally determine its
thickness and mterconnectlwty [3]
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Fig. 1. Gas sensing films by flame-made noble metal /
metal oxide particles and their wet chemistry deposi-
tion or flame aerosol deposition to sensing substrates
with optional resistance monitoring and even in situ
reduction (e.g. with Hz) - conversion to non-oxide films.
Adapted from [1].

An inherent limitation of flame-made gas sen-
sors is their limitation to metal-oxides due to the
oxidizing flame environment. Here, | will discuss
how such metal-oxide films can be converted to
metal bromides, sulfides or nitrides by post-
deposition exposure to reactive gas atmos-
pheres, while preserving the porous architectu-
re of flame-aerosol deposited films (Figure 2).
This opens new avenues for unique sensing
performance, even at room temperature [4].

In this presentation, recent advances on the
design of gas sensors based on metal-bromide
(e.g., CuBr) and -nitrides will be presented that
enable the quantification of air pollutants like
NO2 and NHs down to few part-per-billion con-
centrations at high relative humidity. We will
elaborate on film morphology and material
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composition effects and discuss structure-
function relationships.

Fig. 2. XRD patterns of powders (a-b) and when de-
posited as film (c) by flame spray pyrolysis as-prepared
(a), after the dry reduction (b) and bromination (c)
together with top-view SEM images of the correspond-
ing films (d-f). Note that a and b were obtained from the
powders as the XRD signals of the actual films were
too weak. Reference peak positions for monoclinic
CuO (squares), cubic Cu (circles), cubic CuBr (dia-
monds), monoclinic CuBr: (triangles), cubic Pt (stars)
and rhombohedral Al2O3 (crosses) are indicated to-
gether with crystal sizes of CuO (a), Cu (b) and CuBr
(c), as calculated by Rietveld refinement from the XRD
patterns. Note that the Pt and Al20s in c are associated
to the substrate. Adapted from [2].
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