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WG1: work plan objectives
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1.Protocols for synthesis of gas
sensitive nanomaterials.

2. Protocols for synthesis of
functionalized nanostructures for
enhanced gas detection at
partper-billion (ppb) level, stability
and selectivity.

WG1 - Deliverables

Overview of the current state-of
the-art on gas sensor materials
and advanced nanostructures.
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IMNR contribution:

IMNR manufactures by wet chemical synthesis
in hydrothermal conditions (low temperature
and high pressures with low cost production)
complex perovskite nanostructured materials
(Cu, La,Cr doped BaSrTiO,)

Based on our previous experience in national
and EU projects, in IMNR - Nanostructured
Materials Lab. graphite, carbon nanotubes or
even graphene can be functionalised using
hydrothermal procedure in one step.

IMNR elaborated an overview of the current
state of the art regarding doped BaSrTiO4(BST)
materials with potential in gas detection.
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Overview of the current state of the art —doped BST materials
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Yan et al. [1] obtained composite nanofibers based on Hydrothermal synthesis
Ba, gSr, , TIO,/PVP (poli)vinil pirolidona. The composite was

calcinated at 800 C for 2 h and presented excellent

sensorial properties in humidity detection at room

temperature.

BaSrTiO5 with initial Ba composition of 75,80,85 mol % Low cost of production
were prepared by a high temperature hydrothermal

synthesis. The powders were pressed into pellets, sintered

at 300 °C for 3 h. Dielectric constant increased with

increasing Ba content. [2]

Thick films of BST were prepared by screen-printing Dopant is directly introduced in the BST structure
technique. The films were surface customized by dipping

them into aqueous solutions of CuCl, and CrO;, for various

intervals of time. These surface modified BST films showed

improved sensitivity to H,S gas (100 ppm) than pure BST

film.
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Current research activities
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Doped Ba,Sr,,TiO; nanostructured materials with potential for H,S detection

Cu doped BaSrTiO; (BST) nanostructured materials were synthetized in one step, by a hydrothermal procedure at low temperature
(< 200 °C) and high pressure (200 atm). The as obtained powders were characterized by chemical analysis to determine composition,
XRD and TEM analysis to determine morphology and microstructure. The presence of Cu in the BST structures can be revealed by the
difference of morphology that exists between pure BST and Cu doped BST. Cu doped BST is a nanostructured materials, TEM analysis
revealed a mixture of two components, a rounded shape crystalline one (100-200nm) and a partial cristalline one (5-10nm) (figure 2).

Figure 3. Gas sensor model obtained by
lithography.

Figure 1. Berghoff autoclave 5 L Figure 2. TEM analysis of a) BaSrTiO3 Cul
and b) BaSrTiO3 Cu5
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Fig. 4 Sensor signal as H,S dependence (a)dry and (b)humid air
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Gas-sensing properties were investigated through electrical
resistance measurements.

The measurements were performed under dynamic flow
regime, using a computer controlled Gas Mixing Station
supplied with high purity 5.0 calibrated gases. The relative
humidity (RH) of the synthetic air could be also controlled
within 0 and 50% as average ambient surrounding.

The H,S detection potential of BST nanostructured
materials depend on Cu amount of doping and on RH as
well. Figure 4a highlights both the linear dependence for
all three samples and the relevance of Cu amount. Figure
4a and b proved the applicative potential of BST Cu
doped at 250°C as operating temperature, especially in
dry air.
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Research Facilities
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In the field of sensing materials to detect hazardous gases the
following research directions priorities in conection with TD 1105

aim are:

« To establish nanostructured materials requirements together with
WG1 members, for a large group of hazardous gases.

« Mechanism at the interface between perovskite sensor and gas
should be more investigated and assessed. (thick films versus

thin films - e.g. doped BST)
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