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ABSTRACT:  
Additive manufacturing (AM, a.k.a. 3D printing) refers to a suite of disruptive technologies 
that build three-dimensional objects by adding materials layer by layer based on digital 
design. In particular, metal AM has developed rapidly in the last three decades and found 
many applications in the fields of medical, aerospace/aviation, automobile, and defense. 
Numerous 3D printer manufacturers have emerged, and the technique maturation was 
seemingly reached. However, in reality, fabrication of defect-free products with precise 
dimensions remains challenging, and the repeatability and reliability of AM processes are 
still low. 
Synchrotron x-ray techniques are among the most versatile and effective techniques for 
characterizing materials microstructures and their evolution in various processes and 
conditions. At the Advanced Photon Source (APS) of Argonne National Laboratory, 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 high-
energy x-rays make it possible to look through dense metallic materials and watch their 
dynamic structural evolution during the AM process. Many significant phenomena were 
quantitatively measured with unprecedented high spatial and temporal resolutions, and 
new understanding were enabled by the direct observation. In the presentation, I will give 
an overview of the AM research at the APS, and introduce a few scientific cases to 
highlight the unique capabilities of synchrotron x-ray techniques on studying metal AM 
processes.  
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