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Oxide semiconductors find a large application as chemical sensors for process control and environmental
monitoring. Apart from the kinetics of chemical interaction between the analyte and the semiconductor which leads
to electron transfer across the gas-solid interface, carrier concentration in the conduction/valence bands, band gap,
dopants, stability of the compound in the operating environment, temperature, etc. will decide the choice of the
semiconducting oxide for a given application. The selectivity of a given oxide towards a specific analyte in the
presence of various other analyte species is determined mainly by the relative chemical interaction of the chosen
oxide material towards specific analyte and the temperature dependent kinetics of the interaction which leads to
judicious choice of the operating temperature. Different oxygen species are proposed to be involved during the
sensing process, namely chemisorbed oxygen species (O°, O, etc.) which control the surface carrier concentration
or the lattice oxygen (oxide ion vacancy). Sensitivity, on the other hand, can be improved by using the particles of
high specific surface area to maximize the probability of chemical interaction. This is accomplished in thin film
configuration or thick film composed of nanocrystalline powders of the oxide.

In this presentation, three different types of oxides are chosen, viz. a) sensing action mediated by
conventionally encountered, chemisorbed oxygen species, b) sensing by both chemisorbed and lattice oxygen
species and c¢) predominant involvement of lattice oxygen alone in sensing. For this purpose, trace level sensing of
hydrogen in argon using tin oxide, trace to a few thousands ppm level sensing of hydrogen in argon by chromium
niobate and trace level sensing of ammonia by silverdecamolybdate were chosen as examples, for the three types of
sensing processes. The details of the experiments and the observations made will be presented in this paper.
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Abstract

Recent rapid development of the portable electronic devices, growing interest in the electric vehicles and increasing
integration the renewable energies required the development of cost-effective and high energy storage systems.
Lithium-ion batteries are considered as system of the choice for variety of mobile and stationary applications.
However, new electrode materials are demanded to increase the energy density of Li-ion batteries.

This presentation will report on the preparation and study of Fe; ;9(PO4)(OH)g 57(H,0)0.43/C (FPHH/C) composite as
positive electrode material with high capacity and long cycle-life [1, 2]. FPHH/C (C= carbon black (CB) and carbon
nanotubes (CNT)) composites were obtained by one-step the hydrothermal synthesis route. These cathode materials
showed an excellent reversible capacity corresponding to 1.19 Li reaction. This is attributed to the stable and open
structure of FPHH and also to the effect of carbon addition (CB and CNT) that improves the electronic percolation
of the composite. The study of the reaction mechanism of FPHH/CNT during cycling by combining operando XRD
and *'Fe Mossbauer spectroscopy (Figure 1) shows that the insertion mechanism is a monophasic reaction with 10%
volume variations associated to the Fe’"/Fe*" redox reaction [2].
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Figure 1. Voltage curve (left), operando XRD patterns (middle) and operando *’Fe Mdssbauer spectra (right) of
FPHH/CNT for the first discharge—charge cycle at C/20.
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Abstract

Thermo-Electrochemical cells (Thermocells/TECs) convert thermal energy into electricity by means of
electrochemical potential disequilibrium between electrodes induced by a temperature gradient (AT). Thus, the AT is
an important parameter in determining the conversion efficiency. In this work, Poly(Vinylidene Fluoride) (PVDF)
membrane is introduced in thermocells to mitigate the heat transfer effects in order to maintain high AT.
Experimental results shows that at a AT of 12 K, an improvement in the open circuit voltage (V) of the TEC from
1.3 mV to 2.8 mV is obtained by employment of the membrane. The PVDF membrane is employed at three different
locations between the electrodes i.e. x=2 mm, 5 mm, and 8 mm where ‘x’ defines the distance between the cathode
and PVDF membrane. We found that the membrane position at x=5 mm achieves the closest internal AT (i.e. 8.8 K)
to the externally applied AT of 10 K and corresponding power density is 254 nWcm-2; 78% higher than the
conventional TEC. Finally, a thermal resistivity model based on infrared thermography explains mass and heat
transfer within the thermocells.
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Fig.1. Cell configuration of Thermo-Electrochemical Cell
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