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A combined SEM, CV and EIS study of multi-layered porous ceramic reactors for flue gas purification

The effect of sintering temperature of 12-layered porous ceramic reactors (comprising 5 cells) was studied using scanning
electron microscopy (SEM), cyclic voltammetry (CV) and electrochemical impedance spectroscopy (EIS). The difference in
microstructures of the reactors was evaluated by SEM. Additional information on the influence of sintering temperature on
the properties of the reactors could be gained by the use of EIS. The present work has provided the first set of
fundamental electrochemical data and their interpretation in terms of fabrication conditions, for the multi-layered porous
ceramic reactors.
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Enhanced mass diffusion phenomena in highly defective doped ceria

The densification and grain growth of the solid state ionic conductor material Ce0.9Gd0.101.95-6 (i.e. GDC10,
gadolinium-doped ceria, with Gd 10mol.%) are analysed for nanometric and fine powders of various particle sizes, both in
air and in a 9vol.% H2-N2 mixture. Due to a dominant solute drag effect in aliovalent highly doped ceria, the starting
morphology of the powders controls the diffusion mechanisms of the material in air. Conversely, highly enhanced
densification and grain growth are achieved by firing the materials at reduced temperatures (800
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Electrochemical characterisation of solid oxide cell electrodes for hydrogen production

Oxygen electrodes and steam electrodes are designed and tested to develop improved solid oxide electrolysis cells for H2
production with the cell support on the oxygen electrode. The electrode performance is evaluated by impedance
spectroscopy testing of symmetric cells at open circuit voltage (OCV) in a one-atmosphere set-up. For the oxygen
electrode, nano-structured La0.75Sr0.25MnO3 (LSM25) is impregnated into a LSM25/yttria stabilised zirconia (YSZ)
composite, whereas for the steam electrode, nano-structured Ni and Ce0.8Gd0.202-5 (CGO) is impregnated into a
Sr0.94Ti0.9Nb0.1003-56 (STN) backbone. In the present study, the best performing oxygen electrode is a LSM25-YSZ
composite with 20% porosity and impregnated with a LSM25 solution measuring a polarisation resistance (Rp) of 0.12 Q
cm2 at 850 °C in oxygen. For the steam electrode, the best performance is obtained for a STN backbone, sintered at 1200
°C and impregnated with CGO/Ni, with an Rp of 0.08 Q cm2 at 850 °C in 3% H20/H2.
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Optimizing the Performance of Porous Electrochemical Cells for Flue Gas Purification using the DOE method

The DOE model was used to improve the performance of cells for electrochemical gas purification. Three factors were
chosen: the amount of graphite, the Lanthanum Strontium Manganate/Gadolinium-doped Cerium oxide weight % ratio,
and the Lanthanum Strontium Manganate pre-calcination temperature (with or without Lanthanum Strontium Manganate
calcinated at 1000 °C). The effects of the following physical properties were measured: porosity, pore size, shrinkage, and
conductivity. The sintered tapes were also characterized with scanning electron microscopy. Graphite was added as a
pore former. The work shows, that a change in a factor not only changes the performance property that one would expect,
but also influence other properties.
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Densification and Grain Growth during Early-stage Sintering of Ce0.9Gd0.101.95-0 in Reducing Atmosphere

The present work investigates the processes of densification and grain growth of Ce0.9Gd0.101.95-6 (CGO10) during
sintering in reducing atmosphere. Sintering variables were experimentally characterized and analyzed using defect
chemistry and sintering constitutive laws. Based on the achieved results, the grain size-relative density trajectory, the
densification rate, and the grain-growth rate were determined. The activation energies for densification and grain growth
were evaluated, and the dominant densification mechanism was clarified. For comparison, the densification behavior of
CGO10 during air-sintering was also studied. Accelerated densification was found in earlystage reducing-sintering of
CGO10. This might be attributed to the oxygen vacancies generated by the reduction of Ce4+ to Ce3+ in reducing
atmosphere, which facilitates the diffusion of ions through the lattice. The densification activation energy of CGO10 in
reducing-sintering was evaluated as 290+20 KJ/mol in the relative density range of 0.64 to 0.82, which was much smaller
than that of air-sintering (770+£40 KJ/mol). The grain-growth activation energy of CGO10 in reducing-sintering was
evaluated as 28020 KJ/mol in the grain size range of 0.34 to 0.70 um. The present work describes a systematic
investigation of reducing-sintering behavior of CGO10, which contributes to the first known determination of the
fundamental parameters associated with densification and grain growth during early-stage sintering of CGO10 in reducing
atmosphere.
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Improvement of Niobium Doped SrTiO3 by Nanostructuring
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Processing and Characterization of ZnO-based Thermoelectric Materials
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Sintering behavior of ce0.9Gd0.101.95-delta in reducing atmosphere
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Sintering effect on material properties of electrochemical reactors used for removal of nitrogen oxides and soot particles
emitted from diesel engines

In the present work, 12-layered electrochemical reactors (comprising five cells) with a novel configuration including
supporting layer lanthanum strontium manganate (LSM)-yttria stabilised zirconia (YSZ), electrode layer LSM-gadolinia-
doped cerium oxide (CGO) and electrolyte layer CGO were fabricated via the processes of slurry preparation, tape casting
and lamination and sintering. The parameters of porosity, pore size, pore size distribution, shrinkage, flow rate of the
sintered reactors and the electrical conductivities of the supporting layer and the electrode in the sintered reactors were
characterised. The effect of sintering temperature on microstructures and properties of the sintered samples was
discussed, and 1,250 °C was determined as the appropriate sintering temperature for reactor production based on the



performance requirements for applications. Using the present ceramic processing route, porous, flat and crack-free
electrochemical reactors were successfully achieved. The produced electrochemical reactors have the potential
application in the removal of NOx and soot particles emitted from the diesel engines.
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Visualization of Electronically Conducting Paths in Solid Oxide Fuel Cells by Low-voltage SEM and Charge Contrast
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Fabrication and characteristics of alumina-iron functionally graded materials

In the present work, five-layered alumina—iron functionally graded materials (FGMs) were fabricated via a simple route of
die pressing and pressureless sintering. The shrinkage differences among the layers in the FGM were minimized by
particle size selection and processing control. The microstructure and the composition of the prepared component were
studied, and its flexural strength, fracture toughness, and fracture energy were tested and evaluated. The relative density
and the Vickers hardness of each layer in the graded material were also measured. The correlation between
microstructure and composition and mechanical properties was discussed. Flat, crack-free, and relatively high-density
gradient components were obtained from this work. Compared to monolithic alumina ceramic, the remarkable
improvement on fracture toughness and fracture energy of the investigated graded material system was achieved due to
the toughening effect of iron and the crack deflection at the weak interfaces. This work provides a cost-effective manner to
fabricate ceramic—metal gradient composites for armor applications.
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Investigation on low room-temperature resistivity Cr/(Ba0.85Pb0.15)TiO3 positive temperature coefficient composites

Low room-temperature resistivity positive temperature coefficient (PTC) Cr/(Ba0.85Pb0.15)TiO3 composites were
produced via a reducing sintering and a subsequent oxidation treatment. The effects of metallic content and processing
conditions on materials resistivity—temperature properties were discussed. Using these special processes, the prepared
composite with 20 wt% Cr possessed low room-temperature resistivity (2.96 Q cm at 25 °C) and exhibited PTC effect
(resistivity jump of 10), which is considered as a promising candidate for over-current protector when working at low
voltage. The grain-boundary potential barrier of the prepared PTC composite was evaluated based on the Heywang model
and the experimental data. The potential barrier was from 0.00 to 0.11 V in the temperature range of 180-270 °C, which is
believed to be the first reported intrinsic parameter for PTC composite, determined from the experiment.
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Processing and characterization of porous electrochemical cells for flue gas purification

In the present work, porous electrode materials lanthanum strontium manganate (LSM)-gadolinium-doped cerium oxide
(CGO) and electrochemical cells LSM-CGO +CGO were fabricated via the processes of slurry preparation, tape casting
and lamination, and sintering. Graphite, wheat starch, and polyamide powders were used as pore formers, respectively, in
order to investigate their effects on shrinkage, flow rate, porosity, and average pore size of the sintered samples. The
observation from scanning electronic microscope (SEM) revealed different microstructures caused by different pore
formers. Porous, flat, and crack-free electrochemical cells were successfully achieved using the present ceramic
processing route. The produced cells could potentially be used for flue gas purification.
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