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ABSTRACT

Ti-6A1-4V (wt%) bar and disk with a density close to 100%, a lamellar structure and oxygen content of
0.44 and 0.51 wt%, respectively, have been made by powder compact extrusion and powder compact
forging of HDH Ti-6Al-4V powder respectively. Their microstructure, tensile mechanical properties at
different strain rates in the range of 10~4-10~" s~ and the fracture surfaces and longitudinal sections of
the tensile test specimens have been studied. It was found that the level of consolidation of the PE/Ti-
6AIl-4V bar and PF|Ti-6Al-4V disk was very high, as reflected by their high strength and good ductility,
small untransformed interparticle boundaries (smaller than 3 pm in sizes), and low volume fraction of
cavities (< 1.5%) formed by separation of powder particles at the untransformed interparticle
boundaries in the specimens tensile tested at a high strain rate of 1072s~!. The high level of
consolidation achieved within a short time through induction heating and extrusion/forging of the
Ti-6A1-4V powder compacts suggests that the rate of transforming interparticle boundaries to grain
boundaries is very high, and the reasons for this might be formation of new powder particle surfaces
through plastic deformation and rapid dissolution of the powder particle surface oxide films.
The formation of cavities from the untransformed interparticle boundaries in the PE/Ti-6Al-4V bar
and PF/Ti-6Al-4V disk is highly strain rate sensitive with the number and volume fraction of the cavities

formed increases significantly with increasing the strain rate.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

As an off titanium alloy, Ti-6Al-4V (wt%) alloy has very
desirable room temperature and elevated temperature (up to
400 °C) mechanical properties including high strength, good
ductility and fracture toughness, and excellent corrosion resistance
in a variety of environments. For this reason, it is widely used in
industry and accounts for about half of titanium alloy products
produced [1-5]. The powder metallurgical route is likely to reduce
the cost of making titanium alloy components and structural
members by near-net shape forming which minimizes material
waste and the cost of post process machining, and, in some cases,
also by using low cost powders. For this reason, a large amount of
research work has been devoted to studying processes of making
titanium alloy parts by powder metallurgy [6-20].

In our research, we utilized rapid powder consolidation routes
of powder compact extrusion (PCE) and powder compact forging
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(PCF) in combination of rapid induction heating of the powder
compacts to consolidate relatively low cost Ti-6Al-4V powder
made by using a hydriding-dehydriding (HDH) process (the
powder is called HDH titanium alloy powder). Thanks to the
pressure applied and the large amount of plastic deformation of
powder particles facilitated by the process, these powder con-
solidation routes enable the production of Ti-6Al-4V structural
members and shaped components with a high relative density
close to 100%. The major issue associated with these rapid powder
consolidation techniques is whether all interparticle boundaries of
the powder particles are transformed into grain boundaries or
interfaces within the short processing time covering induction
heating, holding and extrusion/forging of the powder compacts.
To address this issue, we studied the microstructures and room
temperature tensile mechanical properties and fracture behavior
at different strain rates of the Ti-6Al-4V bars and disks produced
by PCE and PCF respectively. We hoped that through this study the
true nature of the mechanical properties of bulk Ti-6A1-4V alloy
produced by powder consolidation routes of PCE and PCF respec-
tively can be elucidated in relation to its microstructure, oxygen
content and texture.
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2. Experimental procedure

The starting powder is Ti-6A1-4V alloy powder with an oxygen
content of 0.5 wt% and particle sizes of -200 mesh and produced

Table 1
The oxygen and nitrogen contents (wt%) of the PE/Ti-
6Al-4V bar and PF/Ti-6A1-4V disk.

Material ¢} N
PE/Ti~6AI-4V 0.44 0.034
PF/Ti-6A1-4V 051 0.040
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by a hydrogenation-dehydrogenation (HDH) process. For powder
consolidation using PCE, the Ti-6Al-4V powder was first die-
pressed at 330 °C for 10 min under argon and with a pressure of
730 MPa to produce a cylindrical powder compact with a relative
density of 85%. The powder compact was heated under argon to
1250 °C using an induction furnace, and subsequently extruded
into a bar with a diameter of 14 mm (called PE/Ti-6Al1-4V bar)
using a die set kept at 550 °C. The force used in the extrusion was
100 t, and the extrusion ratio was 9:1. For powder consolidation
using PCF, the Ti-6Al-4V powder was first die-pressed at 350 °C
for 5 min under argon with a pressure of 637 MPa to produce a
cylindrical powder compact with a relative density of 83%. The
powder compact was heated under argon to 1300 °C using an

36000 4

{1011 )
(1120)

30000 +4

24000

18000 -

(1010)

Intensity(a.u.)
0002)

12000 A

—~— -
6000 I
~ ~N f?l
S —

T

30 40 50 60 70 80 90
26(degrees)

3

Fig. 1. The XRD patterns of PE/Ti-6Al-4V bar and PF/Ti-6Al-4V disk.

Fig. 2. (a) and (b) Optical microscopy images and (c) and (d) SEM images showing the microstructures of PE/Ti-6Al-4V bar and PF/Ti-6Al-4V disk, respectively.
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