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Fig.1 Anisotropy and common grain control methods of additively manufactured titanium alloys: (a) solidification columnar crystal and tensile
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anisotropy of additively manufactured molten pool™*®; (b) solidification diagram and optimization of process parameters™; (c) micro-alloying

and composition design of powders?”; (d) external field-assisted additive manufacturing coupled with magnetic field stirring, and ultrasonic

vibration, and ultrasonic impact®?: (e) subsequent heat treatment®”; (f) new process method of submerged arc welding
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Fig.2 Typical morphologies and formation mechanisms of grains in additive manufacturing: (a) temperature profile of melt pool, G-R variation

with solidification time, and grain morphology of typical LMDed titanium alloy®*¥; (b) formation mechanism of tilted columnar

grains®*: (c) typical columnar crystal structure of SLMed titanium alloy
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Research Progress on Solidified Grain Control of Additively Manufactured
Titanium Alloys

Yang Junwei', Tang Haibo?®, Tian Xiangjun®3, Zhu Yanyan®3*
(1. School of Materials Science and Engineering, Beihang University, Beijing 100191, China)
(2. Research Institute for Frontier Science, Beihang University, Beijing 100191, China)
(3. National Engineering Laboratory of Additive Manufacturing for Large Metallic Components, Beihang University, Beijing 100191, China)
(4. Ningbo Institute of Technology, Beihang University, Ningbo 315832, China)

Abstract: Titanium alloys are prevalently applied in aerospace, ship, and nuclear power fields due to their excellent properties, such as high
special strength, good corrosion resistance, and fine properties at elevated temperatures. Additive manufacturing technique provides a
revolutionary way to process the large-scale integrate key parts of titanium alloys with short period and low cost. However, the coarse columnar
grains produced in the forming process lead to the anisotropy of the components, which restricts the full play of the properties of the alloys. The
methods to control the size and morphology of the grains for the purpose of anisotropy reduction and mechanical property enhancement are the
research hotspot in recent years. This study described the feature and formation mechanism of typical grain microstructures in general additive
manufacturing methods and summarized the grain-control methods, including the parameter optimization, novel processing methods,
micro-alloying/new alloy composition design, subsequent heat treatment, external field assistance, and the combination methods. The grain
regulation mechanisms were summarized and the control effects were evaluated. This research progress provides direction and prospect for the
further development in the control of solidified grains of additively manufactured titanium alloys.
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