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Table 1 Chemical composition of TC11 titanium alloy bars (wt%)

Al Si Zr Mo Ti

6.11 0.35 2.05 5.27 Bal.
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Fig.1 SEM images of TC11 titanium alloy aged at 540 °C with different solid solution temperatures: (a) 950 °C, (b) 960 °C, (c) 970 °C,
(d) 980 °C, and (e) 990 °C
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Fig.2 SEM images of TCI11 titanium alloy with different aging temperatures after solid solution at 970 °C: (a) 520 °C, (b) 530 °C, and

(¢) 540 °C
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Table 2 Quantitative characterization of microstructure of TC11 titanium alloy with different heat treatment regimes

. . Equiaxed a phase
Solution temperature/°C Aging temperature/°C

Equiaxed a phase grain Thickness of platelet & Aspect ratio of platelet

content/% size/pm phase/um o phase

950 46.08 (£1.001) 5.35 (£0.507) 0.10 (£0.030) 19.21 (£6.001)
960 27.19 (£1.006) 5.69 (£0.512) 0.37 (£0.051) 35.18 (+4.504)
970 520 27.24 (£1.507) 5.52 (£0.500) 0.36 (+0.035) 28.58 (£5.500)
980 8.88 (£1.121) 5.25 (£0.520) 0.32 (£0.057) 66.51 (£7.006)
990 0 0 0.40 (£0.035) 242.65 (£12.500)
950 46.52 (£2.022) 4.10 (£1.002) 0.13 (£0.030) 8.5 (+4.010)
960 26.20 (£1.006) 5.30 (£0.513) 0.41 (£0.045) 37.34 (£4.501)
970 530 21.02 (£1.000) 5.92 (£1.001) 0.39 (£0.057) 29.85 (+4.567)
980 13.31 (£2.008) 5.66 (£1.019) 0.39 (£0.050) 65.75 (£5.502)
990 0 0 0.48 (£0.066) 209.61 (£20.755)
950 46.22 (£1.509) 4.73 (£0.517) 0.16 (£0.045) 1.81 (£0.915)
960 20.41 (£1.028) 5.50 (£0.500) 0.45 (+0.040) 39.97 (£5.128)
970 540 20.73 (£2.044) 5.72 (£1.013) 0.42 (£0.061) 30.93 (+£7.630)
980 5.38 (£1.502) 5.46 (£1.0438) 0.45 (£0.050) 64.69 (£6.003)
990 0 0 0.55 (£0.045) 185.56 (£18.117)
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Fig.3 Quantitative characterization of microstructure of TC11 titanium alloy with different heat treatment regimes: (a) equiaxed a phase content,

(b) equiaxed o phase grain size, (c) platelet a phase thickness, and (d) platelet o phase aspect ratio
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Table 3 Tensile properties of TC11 titanium alloy after heat treatment

. . Ultimate tensile Yield strength, . Reduction of area,
Solution temperature/°C Aging temperature/°C Elongation, EL/%
strength, UTS/MPa YS/MPa RA/%
950 1200 1088 14 40
960 1106 938 18 49
970 520 1125 971 16.5 45
980 1110 912 14.5 27
990 1169 971 7 11
950 1206 1090 15.5 39
960 1137 978 17 47
970 530 1127 981 17.5 46
980 1113 942 16 39
990 1117 918 11 9.2
950 1224 1115 14.5 38
960 1132 990 17.5 43
970 540 1102 950 19 43
980 1101 925 16.5 40
990 1154 958 10 15
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Quantitative Correlation Between Microstructure and Tensile Property of TC11
Titanium Alloy
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Abstract: The microstructure characteristic parameters of TC11 titanium alloy during different heat treatments were quantitatively investigated,
aiming at the lack of quantitative relationship between microstructure characteristic parameters and room temperature tensile properties of TC11
titanium alloy. The content of equiaxed a phase, grain size of equiaxed a phase, thickness of platelet a phase and aspect ratio of platelet o phase at
different heat treatment temperatures were quantitatively characterized using image analysis software. Quantitative relationships among heat
treatment temperature, quantitative microstructure parameters and room temperature tensile properties were established. And quantitative
relationships between quantitative microstructure parameters and room temperature tensile properties were analyzed using a multivariate nonlinear
regression model. The results indicate that the microstructure of TC11 titanium alloy depends on the heat treatment regime. For every 10 ‘C
increment in solid solution temperature, the content of the equiaxed a phase decreases by about 4.6%. For every 10 °C increment in aging
temperature, the thickness of platelet o phase increases by about 0.05 um. Experimental and statistical analyses show that with the decrease in the
content of the equiaxed a phase, the strength of TC11 titanium alloy firsthy decreases and then increases, and the plasticity firsthy increases and
then decreases. The grain size of the equiaxed a phase has a small effect on the room temperature tensile properties of the alloy. The increase in
platelet o phase thickness increases the strength of the alloy. The correlation between alloy plasticity and platelet o phase thickness ia relatively
small. With the decrease in the aspect ratio of platelet a phase, the strength of the alloy firstly decreases and then increases, and the plasticity
increases. The relationship between microtissue characteristics and room temperature tensile properties conform to the multivariate monlinear
regression model.
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