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Scanning electron microscopy (SEM) is a versatile analytical technique offering advantages such as 

simple sample preparation, high magnification imaging and elemental mapping through the use of 

energy dispersive x-ray spectroscopy (EDS). As with any microscopy technique, conventional SEM 

suffers from the inevitable compromise between magnification and field of view. Large area SEM is 

gaining in popularity because it avoids this compromise [1], [2]. This is accomplished by collecting high 

magnification images in an automated fashion over a given sample area and subsequently stitching them 

into a single, large format mosaic image. In this paper, we will show how large area SEM is useful in 

industrial coatings research with the additional goal of contributing to the broader conversation between 

industrial and academic researchers as well as instrument manufacturers. 

 

PPG is a global leader in the coatings industry, producing performance and industrial coatings for a wide 

range of business sectors ranging from aerospace to food and beverage packaging. PPG is also a leader 

in coatings research, investing $487MM in research and development in 2016 and employing over 3,500 

technical employees across more than 100 global locations. As part of this commitment to cutting edge 

technical advancement, PPG is consistently advancing capabilities across labs globally. Large area SEM 

is an example of this forward thinking approach.  

 

Coatings technologies rely upon many components, both organic and inorganic, and frequently consist 

of many layers, making them complex and interesting systems to study [3]. The precise positioning of 

materials relative to one another as well as to interfaces and the substrates on which they are applied is 

important to understand and characterize. Frequently, understanding these relationships requires 

statistical means due to natural variations inherent in complex multi-material systems. With this 

understanding, electron microscopy analysis of coating systems must be carefully carried out to ensure 

that the results obtained are truly representative and meaningful in the context of the hypothesis being 

interrogated. Large area SEM addresses this challenge directly. By capturing large areas of a sample at 

high magnification via a mosaic imaging technique, it is possible to understand both the features of 

interest as well as to capture the context of the sample as a whole. This is clearly demonstrated through 

two case studies. 

 

The first example highlighting the impact of large area SEM imaging on coatings research comprises the 

evaluation of two conversion coatings on steel substrates. Conversion coatings are a critical first step in 

the coating process for many materials and products. They are designed to protect the substrate material 

while at the same time promoting adhesion of the subsequent coating stack. Large area, mosaic SEM 

images clearly show a difference between the two samples that could not be observed at low 

magnification, but which is localized and sparse enough that it could easily be missed entirely at higher 

magnifications. 

 

The second example concerns the study of corrosion on aluminum. This is of critical importance for the 



aerospace industry, since modern aircraft are made primarily from aluminum. Coatings systems are 

therefore designed to mitigate the formation and propagation of corrosion. This is especially important 

when damage to the coating occurs, which is inevitable in real-world application. To simulate and study 

this, defects are created intentionally with a scribe and the coating-substrate system is exposed to a 

corrosive environment. Because the subject matter of study is corrosion, which is inherently variable, 

large area, mosaic SEM imaging allows that variability to be documented, while still capturing small 

features that require a small pixel size to resolve. 

 

In summary, large area, mosaic SEM imaging is a useful tool for coatings research. As a result of this 

technique, the intrinsic field of view limitations of high magnification SEM imaging can be avoided, 

while still resolving small features. Additionally, automated collection improves lab efficiency and 

creates the capability to archive large amounts of data for later study. Both of these advantages are well 

aligned with industry trends, positioning this technique advantageously for wider implementation [4]. 
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Figure 1.  Mosaic SEM images of conversion coated steel surfaces. Scale bars are 1mm, pixel size is 

500nm.  

 

 
Figure 2.  Mosaic SEM images of scribed aluminum surface. Scale bar is 250µm, pixel size is 180nm.  

 


