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Fig.1 Development course of nickel-based superalloys?*"!
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Fig.2 Microstructure of Ni-based single crystal superalloy: (a) SEM image, (b) TEM image, (¢) SAED pattern of Fig.2b, (d) crystal

structure of y-phase, (e) crystal structure of y’-phase, (f) arrangement of y/y
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Fig.3 SEM image of TCP particles (a); color coded EDS element mappings of the same region shown in Fig.3a with white arrows pointed

(b) AL (¢) Cr, (d) Re, and (e) Ta ™!
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Fig.4 Microstructural details on the region where samples containing a LAGB were extracted for APT characterization: (a) optical
micrograph of dendritic microstructure after heat-treatment; (b, ¢) BSE low magnification image and high magnification image of
the LAGB between the two adjacent crystallographic regions marked A and B, where the APT specimens were extracted

(d) orientation mapping and associated pole figure highlighting the orientation of regions A and B; (e, f) misorientation angles and
axes map and KAM map®!
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Fig.5 Segregation of elements in nickel-based single crystal superalloys
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Fig.6 Development of refractory elements addition in single

crystal superalloys'®
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Fig.8 Composition, microstructure, and property integrated by the high throughput experiment to discover novel superalloys
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Development Trend of Nickel-Based Single Crystal Superalloys: Alloy Design Driven
by New Research Technology

Cui Zhuang', Liu Manping ', Zeng Ying *, Ma Hui ', Sun Shaochun ', Zhao Guoping '
(1. School of Materials Science and Engineering, Jiangsu University, Zhenjiang 212013, China)
(2. School of Materials Science and Engineering, Southwest Jiaotong University, Chengdu 610031, China)

Abstract: Nickel-based single crystal superalloys are composed of various elements, each of which has a unique strengthening effect. It is
difficult to realize the rapid development of new alloys by traditional alloying design methods such as “trial and error” and phase diagram
calculation. The relationship between composition, organization, technology and properties can be quickly obtained by “material genome
engineering”, which greatly improves the research and development rate of materials and reduces the production cost. The development
trend of alloying design of nickel-based single crystal superalloys was briefly described, including the application of new research
technologies such as high throughput preparation and characterization technology and machine learning in alloying design. The ability of
atom probe tomography (APT) to quantitatively study the content and distribution of elements in the microstructure of alloys was also
expounded. It is expected that this paper can provide ideas for alloying design of nickel-based single crystal superalloys.
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