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Abstract: The microstructure and mechanical properties of TB18 titanium alloy bar under § annealing, slow cooling
and aging (BASCA) heat treatment were studied. The results show that the a phase precipitates under the condition of
slow cooling after solid solution. The intragranular a phase is spot-like or short needle, and the a phase in the grain
boundary is basically embedded in the § grain boundary as a thin film. The cooling rate has a great influence on the
grain boundary a phase. When the cooling rate is 1 °C/min, the grain boundary a phase precipitates discontinuously on
the grain boundary in the shape of a lens, forming a “necklace” structure. With the decrease of the cooling rate, more
and more grain boundary a phases are precipitated, which are connected to each other and coarsened gradually in a
continuous wavy shape. The grain boundary a phase formed after slow cooling has adverse effects on the plasticity and
toughness of the alloy. With the slowing down of the cooling rate, the plasticity and toughness of the alloy are reduced.
The tensile strength of TB18 titanium alloy bar exhibits excellent comprehensive properties with a tensile strength
close to 1300 MPa, an elongation of 8%, and a fracture toughness exceeding 80 MPa-m"? under p phase zone solid
solution air cooling and aging heat treatment process.
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Table 1 Chemical composition of TB18 titanium alloy bar

Al Mo \% Cr Nb Fe Ti

4.2 4.72 4.75 5.72 1.06 0.18 Bal.
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Fig.1 Microstructure of as-forged TB18 titanium alloy bar
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Fig.2 Flow chart of BASCA heat treatment process
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Fig.3 Microstructures of TB18 titanium alloy solution treated at different cooling rates:

(a) AC; (b) 1 °C/min; (c) 0.5 °C/min; (d) 0.25 °C/min
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Fig.4 SEM microstructures of agp phase of TB18 titanium alloy solution treated at different cooling rates:

(a) AC; (b) 1 °C/min; (c) 0.5 °C/min; (d) 0.25 °C/min
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Fig.5 Microstructures of TB18 titanium alloy heat treated with BASCA at different cooling rates:
(a) AC; (b) 1 °C/min; (c) 0.5 °C/min; (d) 0.25 °C/min
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Fig.6 SEM microstructures of TB18 titanium alloy heat treated with BASCA at different cooling rates: (a, b) 870 °C/2 h/AC +
530 °C/4 h/AC; (c, d) 870 °C/2 W/FC (0.5 °C/min) to 650 °C/AC + 530 °C/4 W/AC
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Table 2 Room temperature tensile properties of TB18 titanium

alloy solution treated at different cooling rates

Cooling rate Rw/MPa  Ry/MPa  A45/% ZI%
AC 804 773 23.0 74

1 °C/min 812 775 19.5 62.5
0.5 °C/min 805 785 20.5 61
0.25 °C/min 798 780 20.0 56
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Table 3 Room temperature mechanical properties of TB18
titanium alloy heat treated with BASCA at different

cooling rates

Cooling rate Rn/MPa Rpo2/MPa  As/% Z1% /Mff:'cm”z
AC 1293 1195 8.0 13.5 86.9
1 °C/min 1263 1184 6.0 8.5 71.4
0.5 °C/min 1309 1226 5.5 8.5 62.6
0.25°C/min 1289 1199 4.0 5.5 57.8
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Fig.7 Fracture morphology of TB18 titanium alloy tensile
specimen heat treated with BASCA at cooling rate
of 0.25 °C/min
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Fig.8 Crack propagation paths of TB18 titanium alloy fracture
toughness specimens heat treated with BASCA at different
cooling rates: (a) AC; (b) 0.25 °C/min
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