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Abstract

In the aerospace field, single crystal superalloys are crucial materials for the fabrication of hot-
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section components in engines and gas turbines. However, their manufacturing process is fraught
with difficulties, often accompanied by the generation of microscopic defects. Among these, mi-
cropores, as a common and highly detrimental type of microscopic defect, have a significant impact
on blade performance, which has become a focus of attention among researchers. This article com-
prehensively reviews the research findings related to single crystal superalloys. Firstly, it elaborates
on the process of preparing single crystal superalloys using the directional solidification method, cov-
ering aspects such as the solidification principle, influencing factors, common techniques, and sin-
gle crystal preparation methods. It then conducts an in-depth analysis of the formation mechanisms
and influencing factors of micropores, with a particular emphasis on the formation processes and
influencing factors of solution micropores and cast micropores. Subsequently, a series of effective
strategies for optimizing the performance of single crystal superalloys are proposed, including the
optimization of solidification parameters, improvement of heat treatment processes, and design of
alloy compositions. Finally, future research directions are envisioned, such as the exploration of
novel manufacturing techniques (application of additive manufacturing technology and research
on microgravity solidification technology) and the in-depth study of the formation mechanisms of
micropores (multi-scale simulation research and in-situ characterization technology application).
The aim of this research is to provide a solid theoretical foundation for enhancing the performance
and expanding the application fields of single crystal superalloys, thereby facilitating the further
development of high-temperature fields such as aerospace.
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Figure 1. The effects of temperature gradient and solidifica-
tion rate on the crystallization form of the solidification inter-
face [16]-[18]
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Figure 2. Directional solidification technology: (a) HRS; (b)
LMC [19]
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Figure 3. Spiral crystal selection simulation results [39]
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Figure 6. Variation of dendrite spacing and micropores with the pulping rate; (a) The pull-out
rate is less than 100 um/s; (b) The pull-out rate is between 100 pm/s and 125um/s; (c) A pull-
out rate greater than 150 um/s
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Figure 7. Effect of temperature gradient on primary dendrite spacing at

initial solidification stage [45]
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