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Microstructure and Properties of Ti-5111 Alloy Plate used in Marine Environments

Xi Jinhui, Ge Peng, Hou Peng, Liao Qiang
(Westen Metal Materials Co., Ltd., Xi’an 710201, China)

Abstract; The 25 mm thick Ti-5111 alloy plates were achieved by hot rolling in the a + g field. The effect of different
heat treatments on microstructure and mechanical properties of the Ti-5111 titanium alloy plates were investigated. The
results show that, the microstructure is typical equiaxed structure when annealing at 800 °C, and bimodal structure at
950 C, Widmanstatten at 1 000 °C. An excellent balance of high strength and good toughness is realized after heat
treated at 950 °C, and the tensile strength, yield strength, elongation and impact toughness can achieve 870 MPa,
775 MPa, 14% and 81 J, respectively. The fracture morphologies of Ti-5111 alloy plates which heat-treated at
different temperatures were analyzed, and the influence factors for toughness were discussed. It is found that the
impact toughness of Ti-5111 alloy plate is related to the type of microstructure. The impact toughness of sample with
dual microstructure is the best, that with Widmanstatten microstructure is the second, and that with equiaxed micro-
structure is the worst. The properties of sample as-welded are equivalent to the properties of the base plate, which
shows excellent weldability.
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Fig. 1  Metallographs of Ti-5111 alloy plate after different heat treatment: (a)R state, transverse; (b)800 C x1 h/AC,
transverse; (¢)950 °C x 1 h/AC, transverse; (d)1 000 °C x1 h/AC, transverse; (e)R state, longitudinal;
(£)800 C x1 h/AC, longitudinal; (g)950 C x1 h/AC, longitudinal; (h)1 000 °C x1 h/AC, longitudinal
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Fig. 2 Tensile strength and ductility of Ti-5111 alloy plate

under different heat treatment processes
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Fig. 3 Toughness of Ti-5111 alloy plate under different

heat treatment processes
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Fig. 4  Fracture morphologies of Ti-5111 impact specimens

under different heat treatment processes: (a)R
state; (b)800 °C x1 h/AC; (¢)950 °C x1 h/AC;
(d)1 000 C x 1 h/AC
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Fig. 5 SEM images of Ti-5111 alloy impact specimens under different heat treatment processes: (a)800 °C x1 h/AC;
(b)950 C x1 h/AC; (c¢)1000 C x1 h/AC
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Table 1  Mechainical properties of weldment and base metal of Ti-5111 alloy plate under different heat treatment processes
Heat treatment Material R, /MPa R ,/MPa A/ % 2/ % A/] agy/Jeem™?
Weldment 893 784 13.5 48 66 82.3
R state
Base plate 900 850 15.0 55 67 83.7
Weldment 867 758 13.0 46 62 77.5
800 C x1 h/AC
Base plate 880 840 15.0 53 66 82.3
Weldment 855 753 12.5 47 80 99.5
950 C x1 h/AC
Base plate 870 775 14.0 52 81 108.7
Weldment 860 740 10.5 24 63 78.7

1000 °C x1 h/AC
Base plate 850 738 12.5 28 68 85.0
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