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In order to rapidly quantify grain-level microstructures in structural alloys, a first-of-its-kind system is
being assembled to characterize the 3D microstructure, local texture and local chemistry of macro-scale
volumes ranging from 1 mm”® to 1 cm’. The system performs 3D characterization via serial sectioning,
and has a unique combination of SEM-based analytical capabilities that are coupled to a bulk mechanical
polishing system that can remove material with sub-micrometer precision. The initial application for this
system is the microstructural quantification of nickel superalloys and titanium alloys, but the device is
expected to be generically applicable to a diverse range of engineering materials.

The initial configuration of the multimodal system is comprised of three primary subsystems: (a) Tescan
Vega 3 scanning electron microscope outfitted with a Bruker Quantax EDS and EBSD detectors for x-ray
and crystallographic microanalysis, (b) UES RoboMet.3D.v2 robotic serial sectioning system for
sequential material removal [1], and (c) 6-axis Mitsubishi RD12SVL robot with custom end-of-arm-
tooling to perform sample exchanges between the other two subsystems. The incorporation of
crystallographic [2] and chemical (spectral) [3] maps into 3D characterization systems has been
previously realized on FIB-SEM instruments, however, these devices are only capable of interrogating
miniature volumes, < 0.001 mm’®. Importantly, the use of both EBSD and EDS data allow for more
accurate and robust procedures to automatically classify key microstructural features such as grains or
second phases compared to traditional image-based analysis [2,3]. Note that all SEM images and
analytical maps generated by the system will be stored in a single MXA-formatted file, which is
optimized for multi-modal 3D data archival [4].

The associated presentation will highlight the development of the multi-modal system, discuss methods
used to automate the data collection process, and present initial results from the characterization of Ni
superalloy microstructures.
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