
 

Exploring microstructures for high-
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a, XRD patterns of bulk ceramics prepared under different SPS conditions. In
some patterns, details of the circled regions are shown with intensity magnified
by a factor of 3. Inset shows the interlayer spacing of prepared ceramics as a
function of synthesis condition. b, Microstructure of the ceramic sintered at
1,600 °C for 5 min, showing randomly oriented nanoplates. Inset shows the
corresponding SAED pattern, with hBN diffraction signals labeled. Extra
diffraction halos and spots are present that do not belong to hBN. c, Differential
phase contrast image of an edge-on nanoplate showing parallel nanoslices with
different colors, indicating a laminated structure of BN nanoplates with parallel-
stacked multiple BN nanoslices. d, HAADF-STEM image showing alternating
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regions of striped (I, III and V) and atomic (II and IV) resolution, evidencing
differently twisted BN nanoslices in a laminated nanoplate. e, TEM image
showing a moiré superlattice. The inset shows a fast Fourier transform pattern
from the box region, where the rotational angle between two sets of diffraction
spots (marked in red and blue, respectively) is 27.8°. Scale bars, 400 nm (b), 50
nm (c), 4 nm (d,e), 5 nm−1 (b,e, inset). Credit: Nature (2024). DOI:
10.1038/s41586-024-07036-5

In just the first few months of 2024, the journal Nature has published
two scientific papers co-authored by Kun Luo, an Iowa State University
postdoctoral research associate in materials science and engineering.

"My research aims to unravel the fundamental mechanisms governing
the behavior of diverse materials," Ken Luo wrote in a brief biography,
"paving the way for developing innovative and high-performance
materials across various industries."

Luo has a background in experimental science, studying superhard
materials using techniques in high-pressure physics. He also has
expertise in theoretical simulations using machine learning tools to
discover the microstructures within materials.

"Throughout my career, I recognized the importance of theoretical
simulation in explaining the atomic mechanisms behind the macroscopic
behaviors of materials," he said.

At Iowa State, he's working "to continue exploring the mechanisms
behind material behaviors."

For these two Nature studies (and another Nature paper published in July
2022, for which he was the first author, "Coherent interfaces govern
direct transformation from graphite to diamond"), Luo used the same
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tools and techniques to contribute findings.

He started with real atomic arrangements using the best electron
microscope data available, which provided two-dimensional images. Luo
used those images to construct three-dimensional atomic models with
computer software manually.

"Currently, experiments cannot observe the evolution of these
microstructures in situ during phase transitions, movements, or
deformation processes," Luo said. "Therefore, effective computational
simulations can provide us with a solid theoretical basis to uncover the
mechanisms behind these phenomena, ultimately leading to convincing
conclusions."

Luo said the study described in the 2022 Nature paper about the direct
transformation from graphite to diamond resulted in the discovery of a
new material called Gradia, a material that has been patented in the
United States.

Gradia has mechanical and electrical properties—such as super-hardness
and conductivity—that Luo said could be applied to new technologies.

He said the latest Nature paper about ceramic materials that can be
shaped and molded like metals could have applications as heat-resistant
or insulating structural materials.

Luo's atomic structure models "are indeed tools of basic science for
uncovering novel materials," he said, "and at the same time, they open
the gates to more practical applications."

  More information: Yongjun Tian, Twisted-layer boron nitride
ceramic with high deformability and strength, Nature (2024). DOI:
10.1038/s41586-024-07036-5. 
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Ke Tong et al, Structural transition and migration of incoherent twin
boundary in diamond, Nature (2024). DOI:
10.1038/s41586-023-06908-6 
www.nature.com/articles/s41586-023-06908-6
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