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Complex ceramic and composite materials used in alternative energy technologies often present 

challenges during electron microscopy analysis. Bulk electrical properties such as transport and mobility 

are crucial factors in carbon based or nanomaterial composites often analyzed at the atomic or molecular 

level despite the presence of localized chemical composition and resultant phase transformation along 

its interface. Such materials often undergo transformations in dynamic environments such as a 

combination of high temperature and reducing gases. Data derived from multiple electron microscopy 

analytical techniques are presented as a focus for grain boundary engineering in ceramic and composite 

materials. The materials are used in solid oxide fuel cells and Li-ion batteries for applications related to 

the development of catalysts and novel ion conducting materials for alternative energy technologies. 
 

Despite the potential of low cost and high theoretical energy density, large capacity degradation occurs 

in lithium-sulfur batteries. A recent report of a new design of lithium-sulfur batteries using electrically 

connected graphite and lithium metal as a hybrid anode is used to control undesirable surface reactions 

on lithium [1]. Sulfur chemical mapping in combination with electrochemical testing revealed 

significant improvements in battery performance. Recent analysis of nanocellular carbon foam indicated 

that a functionalized surface area leads to better sodium ion insertion and energy storage [2]. Better 

sodium ion insertion is recently attributed to short diffusion distance in the hollow carbon nanowires [3]. 

Similarly, self-assembled TiO2-graphene hybrid nanostructures facilitate enhanced Li-ion insertion [4]. 

All of these studies indicate the importance of surface and interface engineering to improve energy 

storage. Electron microscopy analysis plays a crucial part during the design of novel composite 

materials. 
 

In Solid Oxide Fuel Cell (SOFC), electricity is electrochemically generated using oxygen ion mobility 

from oxidizing fuel at high temperature. Our past analysis of materials used in SOFC indicates 

importance of grain boundaries and interfaces to achieve high performance in the fuel cells [5-7]. Grain 

boundary engineering is important to achieve the desired Triple Phase Boundary (TPB) area at the 

anode/electrolyte and cathode/electrolyte interface. Typically, nanomaterials like CeO2 along with NiO 

play an important role along the anode/electrolyte interface due to its high catalytic activity as a result of 

high surface area. The images in Figure 1 (a-e) show (EBSD) phase map, (EDX) oxygen Κα map, SEM, 

(EDX) cerium La line map and (EBSD) inverse pole figure map, respectively at the interface between 

anode/electrolyte. Dense fluorite electrolyte in SOFC is important to avoid direct gas mixing between 

reducing and oxidizing gases. Porous anode with a combination of NiO and fluorite ceria structure 

facilitates a mixed ionic and electronic conduction. Graded porosity with grain boundary engineering is 

created at the interface to achieve high TPB area. The darker band in IPF analysis at the interface is a 

non-indexed region due to the presence of nanocrystalline ceria at the interface. As shown in the Figure 

1(b) and 1(d), ceria at the interface is confirmed using the EDX mapping from Ce La and O Κα lines. 

Similar results are obtained at the cathode/electrolyte interface. The 3-D analysis at both interfaces also 

confirmed graded porosity. EM analysis using such ceramic oxides and composite materials will be 
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discussed that underscores the importance of grain boundary engineering at the electrode interfaces in 

alternative energy technology research. 
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Figure 1 - EDX and EBSD analysis of SOFC stack at the anode/electrolyte interface. Set of images in 

(a-e) show (EBSD) phase map, (EDX) oxygen K map, SEM, (EDX) cerium L map and (EBSD) inverse 

pole figure map, respectively. 
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