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Metal additive manufacturing (AM) refers to a suite of disruptive technologies that build 
metallic three-dimensional objects by adding materials layer by layer based on digital 
designs. AM holds the promise for completely revolutionizing the way we make things. 
However, fabrication of defect-free products with precisely controlled microstructures 
remains challenging. Indeed, many fundamental issues in AM need to be addressed, 
and many new directions need to explored. Synchrotron x-ray techniques are among 
the most versatile and effective techniques for characterizing materials microstructures 
and their evolution in various conditions. At the Advanced Photon Source, we recently 
applied high-speed x-ray imaging and diffraction techniques for in situ/operando 
characterization of various metal AM processes. The high penetration power of hard 
x-rays makes it possible to look through dense metallic materials and watch their 
dynamic structural evolution during AM processes in real time. Many highly transient 
processes involved in metal AM were quantitatively measured with unprecedented 
spatial and temporal resolutions, and the mechanisms responsible for different types 
of defects in AM materials were identified. Here, I will introduce the new understanding 
gained from our synchrotron x-ray experiments, as well as their broad impact on the 
development of AM materials, processes, and numerical models. 
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