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Fine structure in coarse grain region of fine grained titanium alloy
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Abstract: Compared with conventional Ti-6Al1-4V alloy, the fine grained Ti-6Al-4V has higher mechanical properties
and better machinability, whereas microstructure transformation of this alloy results in reduced properties of the welded
joints under welding thermal cycle. The fine structure in coarse grain region was studied by TEM and the microhardness
along the welding seam was measured under three welding parameters during welding of fine grained Ti-6Al-4V with
equiaxed crystal. The results show that the primary a’ martensite is greatly coarsened and the fine acicular martensite
evolves into o' plates with increasing heat input. When the heat input is higher, the coarse colony o' composed of parallel
arrangement martensite plates decreases the strength and ductility in coarse grain region. Furthermore, the substructure in
martensite plates contains predominately dislocations and staking faults with a few platelets containing twins. Continued
increments in heat input increase the dislocation density of &’ phase, as well as the retained S phase. A great quantity of
phase is retained when cooling to low temperature. This less-stabilized retained f phase tends to undergo transformation
to coarsener second o' phase with increasing heat input during subsequent cooling. No softened zone exists in the
heat-affected zone with different welding heat inputs.
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Fig.1 Microstructures of test material: (a) Equiaxed crystal;

(b) Dislocations
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Table 1 Chemical compositions of fine grained Ti-6Al-4V

(mass fraction, %)

Al \% Fe C N H (0] Ti

6.2 4.1 03 001 005 0.015 020 Bal

*z2 TIGHEZH
Table 2 Parameters for TIG welding

Heat input [/A U/V v/(mm-s ') Linear heat input/(kJ-m")

High 30 92 4 69.0
Middle 50 9.3 4 116.2
Low 70 103 4 180.3
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Fig.2 Microstructure of TIG welding
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Fig.3 Hardness distributions of welded joint: (a) Low heat

input; (b) Middle heat input; (c) High heat input.
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Fig.4 Fine structures of coarse grain region at low heat input: (a) Acicular o' martensite; (b) Second o' morphology; (c)

Dislocations; (d) Twin substructure.
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Fig.5 Fine structures of coarse grain region at middle heat inputs: (a) Colony o’ martensite; (b) Dislocations; (¢) Stacking fault; (d)

Twin substructure
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Fig.6 Fine structures of coarse grain region at high heat inputs: (a) Coarsening o' plates; (b) a’ plates within grains; (c) Dislocations;

(d) Twin substructure
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