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As global concerns over the effects of climate change grow, consumers are investing in more 

environmentally friendly products.  As demand increases, industry is pressured to develop 

innovative solutions to meet customer needs.  The automotive industry serves as a specific case as 

the appeal of fuel efficient vehicles continues to increase.  One way to increase fuel efficiency, is 

to decrease vehicle weight.  Recent studies have shown that a 10% reduction in vehicle weight can 

potentially lead to a 6% - 8% decrease in fuel consumption [1].  Historically, only a handful of 

plastics materials have been used be the automotive industry; however as more structural parts are 

being replaced, novel materials are being incorporated into vehicle designs [2]. 

 

This shift towards new composites creates a unique challenge for the coatings industry.  New 

polymers must be developed, which meet the same physical and appearance properties as previous 

generations.  One major hurdle to overcome is the expansion of plastics when exposed to elevated 

temperatures during the coating bake cycle.  Differential expansion of the substrates can distort 

the coating surface leading to poor appearance.  Confocal laser scanning microscopy (CLSM) is 

routinely used in the coatings industry to probe the characteristics of different substrates to assess 

surface morphology and roughness.  This paper presents a method for pairing the CLSM with a 

heated stage, to study materials throughout a simulated bake cycle to better understand their 

behavior.  The rheological and flow properties of experimental formulations can then be tuned to 

overcome the texture and expansion of the substrates and create a smooth final coating surface. 

 

A standard commercial composite was chosen for analysis.  Prior to analysis, the substrate was 

polished to create an even surface.  Using a marker, two distinct features were created on the 

polished surface.  The sample was then placed in a heated stage and images of the features were 

collected at room temperature, 40°C, 80°C, and after cooling back to room temperature.  The 

substrate was allowed to equilibrate at each temperature for 10 minutes before measurements were 

taken.  The features were isolated from the images using a combination of image processing and 

threshold algorithms.  Features were extracted using both the laser images and the two-dimensional 

height maps. However, by constraining the height range in the maps, the features appeared as high 

points which created a more consistent feature shape than what was achieved from the laser 

images. The X and Y axis coordinates of the center of each feature were recorded for each 

temperature interval, and used to track how far the features moved relative to each other during 

the simulated bake.   

 

This method provides for a better fundamental understanding of composite expansion throughout 

the coating bake cycle.  Newly developed composites can now be rapidly screened to determine 

what coating properties may be necessary to achieve peak appearance when coating such 

substrates.  This highlights the versatile capabilities of the CLSM to solve new problems in the 



coatings industry.  Additionally, these types of In situ analyses will be critical, moving forward, 

as more complex coatings systems are designed across all PPG business units. 
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Figure 1.  CLSM laser image of the ink features on the composite substrate (left), and the outline 

of the detected features after threshold (right). 

 

 
Figure 2.  CLSM height map image of the ink features on the composite substrate (left), and the 

outline of the detected features after threshold (right). 
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