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Â 1  Ti90H) Φ11 mmÃ�W��IJKL 

Fig.1  Original microstructure of Ti90 bar in size of Φ11 mm 
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Table 1  Annealing processes of Ti90 alloy 

Type Treatment 

650 /1�  h, AC 

700 /1�  h, AC 

750 /1�  h, AC 

800 /1�  h, AC 

850 /1�  h, AC 

900 /1�  h, AC 

930 /1�  h, AC 

950 /1�  h, AC 

900 /1�  h, WC 

Single annealing 

930 /1�  h, WC 

Double annealing 930 /1�  h, AC+850 /1�  h, AC 

Triple annealing 930 /1�  h, AC+850 /1�  h, AC+650 /1�  h, AC 
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Â 2  Ti90H)NO£Ä�� 

Fig.2  Dimensions of Ti90 alloy tensile specimens 
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Â 3  ¦�;<9:�>~ Ti90H) SEMIJKL 

Fig.3  SEM images of Ti90 alloy after different temperatures annealing for 1 h and air-cooling: (a) 650 /1�  h, AC; (b) 700 /1�  h, AC;  

(c) 750 /�  1 h, AC; (d) 800 /1�  h, AC; (e) 850 /1�  h, AC; (f) 900 /1�  h, AC; (g) 930 /1�  h, AC; (h) 950 /1�  h, AC 
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Table 2  Statistics of multi-scale microstructure parameters of Ti90 alloy after different temperatures annealing and air-cooling 
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Â 4  ¦�;<9:�>~W Ti90H) SEMIJKL 

Fig.4  SEM images of Ti90 alloy after 900 /1�  h, WC (a) and 

930 /1�  h, WC (b) 
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Â 5  ¦�;<9:~¦�>?@<� Ti90H)W XRDÂÇ 

Fig.5  XRD patterns of Ti90 alloy after different temperatures 

annealing and different cooling rates: (a) original XRD 

patterns, (b) enlarged view of original XRD pattern from 

37.5° to 39.5°, and (c) enlarged view of original XRD 

pattern from 39.0° to 42.0° 
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 6  ����������� Ti90������� 

Fig.6  Microstructures of Ti90 alloy after multiple annealing: (a) 930 /1�  h, AC; (b) 930 /1�  h, AC+850 /1�  h, AC; (c) 930 /1�  h, 

AC+850 /1�  h, AC+650 /1�  h, AC 
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 7  +,-.��/01 Ti90���2-34'( 

Fig.7  Tensile properties of Ti90 alloy at room temperature after 

different temperatures annealing and air-cooling 
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Fig.8  Tensile properties of Ti90 alloy at room temperature after 

different temperatures annealing and different cooling rates 
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Fig.9  Tensile properties of Ti90 alloy after multiple annealing 
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Table 3  Phase composition of four different microstructures of Ti90 alloy for corrosion test (volume fraction, φ/%) 

Sample α

p
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 α 

A80 80.9 19.1 5.5 13.6 86.4 

A50 52.1 47.9 18.1 29.8 70.2 

A25 25.9 74.1 37.1 37.0 63.0 

A0 0 100 76.0 24.0 76.0 
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Fig.10  Potentiometric polarization curves of Ti90 alloy with 

different microstructures 
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Table 4  Electrochemical corrosion properties of Ti90 alloy with different microstructures 

Sample B

a

/mV B
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/mV I
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/µA·cm
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/V Corrosion rate/mm·a
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A80 77.165 55.044 40.125 –1.4772 0.778 97 

A50 76.711 59.328 29.873 –1.4467 0.579 94 

A25 84.626 43.167 10.544 –1.3891 0.091 99 

A0 73.457 63.096 61.607 –1.5136 0.984 81 
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Abstract: The effects of annealing temperature, cooling rate and multiple annealing processes on microstructures, tensile properties and 

corrosion behavior of a new near-α titanium alloy-Ti90 were comparatively investigated. The results show that when specimens are 

annealed in the α+β phase region, as the annealing temperature increases, the deformed structure gradually spheroidizes with a decreasing 

fraction of primary α phase (α

p

) and an increasing fraction of β-transformation structure (β

t

), and the secondary α phase (α

s

) precipitates 

and coarsens gradually. These changes result in the reduced strength and improved plasticity. When specimens are annealed, followed by 

air cooling, in the single β phase zone, a fine lamellar microstructure with fairly coarse original β grains is obtained, which results in a 

sharp decrease in the plasticity of the alloy. After water-cooling, the acicular α′ martensite phase precipitates inside β grains, which 

significantly improves the strength while maintaining good plasticity. With multiple annealing, the size of α

p

 and β

t

 increases, and α

s

 

coarsens, leading to a simultaneous decrease in the both strength and plasticity. The polarization curve test results show that samples with 

four different microstructures all exhibit passivation behavior in 3.5% NaCl (mass fraction) solution with low passivation current densities, 

implicating a good corrosion resistance of Ti90 alloy. The corrosion resistance of different microstructures is in the order of bimodal 

microstructure>equiaxed microstructure>lamellar microstructure. 

Key words: near-α titanium alloy; microstructure; mechanical properties; heat treatment; polarization curve 
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