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Microstructural Evolution during the Equal Channel
Angular Pressing of Ti-6Al-4V Alloy

Y. G. Ko, W. S. Jeong, D. H. Shin and C. S. Lee

Abstract

The microstructural evolution during the equal channel angular pressing of Ti-6Al1-4V alloy was
investigated using the transmission electron microscopy (TEM). ECA pressing was carried out
isothermally with route C at 600C for two types of initial microstructure, ie., equiaxed and
Widmanstitten microstructures. At an initial stage of ECA pressing, the equiaxed microstructure
showed more uniform flow than the Widmanstitten microstructure. However, both microstructures
were significantly. refined revealing nearly equiaxed grains of 0.3um in diameter with high angle
grain boundaries after 4 passes of ECA pressing. These ultrafine grains were found to be stable

with little grain growth, when annealed up to 600C for 1hr.
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Table 1 Chemical composition of Ti-6Al-4V alloy(wt. %)

Al v Fe (0] C N Y |others| Ti

6.03 | 3.83| 0.2 | 0.19 | 0.01 |0.007]|0.0005| <0.02| Bal.

Fig. 1 Optical micrographs of Ti-6Al-4V alloy:
(a) as-received, (b) equiaxed, (c) and
(d) Widmanstztten microstructures
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Fig. 2 Schematic illustration of the ECA pressing
method
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Fig. 3 Macrographs and optical micrographs of Widman
-stitten microstructure after a single pass of ECA
pressing at isothermal temperature of (a) 500 T,
() 600 and (c) 700C The arrow indicates

pressing direction.

(d)

Fig. 4 The microstructures and their surface quality
after a single pass of ECA pressing at isotherm
-al condition: (a), (c) equiaxed and (b), (d) Wid
-manstitten microstructures The pressing directi
-on is from left to right. Mark 'A’ shows the
lamellae kinking and bending in Widmanstitten
microstructure.
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Fig. 5 Stress-strain curves for equiaxed and
Widmanstitten microstructures taken from £ =0.3
(0.3/sec, 600T)
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Fig. 6 Stress-strain curves for (a) equiaxed (b)
Widmanstitten microstructures (0.3/sec, 6007C)
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Fig. 7 TEM micrographs of o phase in the ECA pressed equiaxed microstructure taken from the Y plane:
(a) as-received, (b) 1 pass, (c) 2 passes and (d) 4 passes The microstructure comprised reasonably
equiaxed @ grains after 2 passes of ECA pressing,
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Fig. 8 TEM micrographs of @ phase in the ECA pressed Widmanstiitten microstructure taken from the Y plane:
(a) as-received, (b) 1 pass, (c) 2 passes and (d) 4 passes
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Fig. 9 TEM micrographs of A phase in the ECA pressed equiaxed microstructure taken from the Y plane:
(a) as-received, (b) 1 pass, (c) 2 passes and (d) 4 passes

Fig. 10 TEM micrographs of £ phase in the ECA pressed Widmanstitten microstructure taken from the Y plane:
(a) as-received, (b) 1 pass, (c) 2 passes and (d) 4 passes
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Fig. 11 TEM micrographs showing the microstructural change of ECA pressed equiaxed microstructure after
annealing for lhr at various temperatures: (a) as-received, (b) 550T, (c) 600T, (d) 650 and (e) 700

for @ phase, and (f) 700 for B phase
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Fig. 12 TEM micrographs showing the microstructural change of ECA pressed Widmanstitten microstructure after
annealing for 1hr at various temperatures: (a) as-received, (b) 550C, (c) 600, (d) 650C and (e) 700°TC for

a phase, and (f) 700C for £ phase
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