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Review of the Progress and Challenges of Titanium Alloys Casting
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Abstract: Titanium and titanium alloys have important applications in high-end manufacturing fields such as aerospace,
marine vessel and automobile industries because of their excellent specific strength, corrosion resistance and
high-temperature properties. Titanium casting processes are restricted by characteristics such as a high melting point and
high reactivity. In recent years, significant progress has been made in titanium alloy casting technology, including
investment casting, graphite casting, sand casting, rapid casting, counter-gravity casting and other processes. In addition, the
application of numerical simulation and hot isostatic pressure (HIP) technology provides important guarantees for the
performance optimization and quality improvement of titanium alloy castings. This paper provides a comprehensive review
of the significant advancements in titanium alloy casting research over recent years. It examines the advantages and
limitations associated with various casting processes while also highlighting the current research frontiers, as well as the
opportunities and challenges that exist within the field of titanium alloy casting.
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Fig.1 Large and complex titanium alloy castings: (a) ZTC4 titanium alloy intermediate casing for aircraft engines; (b) titanium alloy
casting for a certain type of aircraft®*!
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Fig.2 Large-scale skeleton segmented test pieces: (a) front wax mold; (b) middle wax mold; (c¢) rear wax mold; (d~f) scan results for
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Fig.3 Graphite casting of ZTAS titanium alloy: (a) pouring system design; (b) graphite mold; (c) casting!
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Fig.4 Titanium alloy cabin casting: (a) pouring system I; (b) pouring system II; (¢) casting®®
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Fig.5 Pump body pouring system and sand mold assembly: (a) pump body pouring system; (b) sand mold assembly'
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Fig.6 Shrinkage porosity simulation and sections of rod castings with different thicknesses: (a) 20 mm; (b) 30 mm; (¢) 40 mm'™!
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Fig.8 Final shapes of TiAl automotive valve castings fabricated via suction casting with different pressure hold-up time: (a) simulation
prediction; (b) experimental verification
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Fig.9 Counter-gravity casting of titanium alloy: (a) ceramic shell; (b) casting™
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