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Current progress and development trends of low-cost titanium alloys
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(College of Materials Science and Engineering, Beijing University of Technology, Beijing 100124, China)

Abstract: Titanium alloys, owing to their high specific strength, excellent toughness, and outstanding
corrosion resistance, are widely used in aerospace, defense, marine engineering, and medical applications.
However, their high production cost remains a major barrier to large-scale adoption. This review
summarizes the current research status and future development trends of low-cost titanium alloys, with a
focus on both conventional design strategies and emerging technological pathways. In conventional
approaches, the replacement of expensive alloying elements (e. g., Mo, V) with more economical
alternatives (e.g., Fe, Cr, O, N), combined with optimized melting techniques and processing routes,
has significantly reduced material costs. In terms of emerging technologies, high-throughput diffusion
techniques, machine learning, and transformation-induced plasticity/twinning-induced plasticity (TRIP/
TWIP) mechanisms provide a crucial theoretical foundation for the rapid development of high-
performance, low-cost titanium alloys that can be fabricated wvia short-process routes. Near-net-shape
forming techniques, with their high material utilization and short processing cycles, have become key tools
for cost control. Looking forward, integrating TRIP/TWIP-based alloy design with advanced processing
and manufacturing techniques, along with the strategic optimization of interstitial elements (e.g., O, N),
is expected to further reduce production costs. Such progress will accelerate the large-scale application of
titanium alloys in fields such as automotive light-weighting and military armor, ultimately promoting their
widespread adoption across multiple industries.
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Fig.1 Mechanical properties of TC4 alloy and commercially produced

low-cost titanium alloys!! #4912/
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Alloy Nominal composition El/%
MPa MPa
TC4 Ti-6Al-4V 895 825 10
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Ti-35421  Ti-3Al-5Mo-4Cr-2Zr-1Fe 1313 1240 9
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Table 2 Low-cost titanium alloys recently developed by various countries

Nominal composition Cost reduction method Property Country Ref.
Ti-(0.35-0.5)O-3Fe A low-cost titanium alloy with a wide oxygen The tensile strength ranges from Australia [16]
content tolerance window, suitable for low- 1034 to 1194 MPa, with an
purity sponge titanium and recycled titanium elongation between 9% and 22%
materials, and  applicable to  additive
manufacturing processes
Ti-2Fe-0.1B Low-cost Fe alloying is adopted, followed by The alloy exhibits a tensile strength China &- [17]

forging and hot rolling without any additional of 654 MPa and an elongation of Russia

heat treatment

Ti-22Fe-4Si-4Cr
alloy to be used in the as-cast condition

Ti-4.5A1-6.9Cr-2.3Mn

Utilizing low-cost Fe, Cr, and Mn, the alloy Tensile

20%, while also demonstrating a

high fatigue life

The high Fe content alloying design enables the The compressive strength reaches India [18]

2.56 GPa
strength: 1191 MPa; China [19]

can be processed by hot rolling and annealing elongation: 10.7%

without the need for forging
Ti-1.5Fe-0.50-0.025N

Incorporating inexpensive Fe and O,

and The alloy exhibits a tensile strength Japan [20]

processed by hot rolling plus solution-aging of 1000 MPa and an elongation of

treatment, the alloy is compatible with low- 20%

purity sponge titanium and recycled materials

Ti-6Al-6Cr-1.2Fe-2Zr

The alloy, alloyed with low-cost Cr and Fe, is The alloy exhibits a tensile strength China [21]

processed by forging and hot rolling without of up to 1.3 GPa and an elongation of

extra heat treatment, exhibiting industrial 12.8%, indicating a good balance

application potential

Ti-7Cr-4Sn

Without using any expensive alloying elements,

between strength and ductility

The alloy exhibits a tensile strength UK [22]

the alloy is produced by a short-process of 1136 MPa together with an

fabrication route consisting of hot pressing and elongation of 10%

subsequent furnace cooling

Ti-4Al1-2.5V-1.5Fe-0.250 A cast alloy in which oxygen partially replaces Tensile

aluminum and iron substitutes for vanadium

strength: 965  MPa; USA [23]
elongation: 13% ; excellent corrosion

and impact resistance
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Fig.5 Mechanical properties of representative TRIP and TWIP titanium alloys'®
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