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Abstract: The microstructure difference between different parts of the TB9 ingot during hot-working was analyzed, and the

microstructure inheritance effect on microstructure evolution and properties of TB9 bar was revealed. The results show that the TB9
ingot can be divided into axial columnar crystal zone at the bottom, equiaxed crystal zone in the core, and columnar crystal zone
inclined 45° to the axial direction at the edge. The columnar crystal at the bottom of the ingot with a strong <100> texture is difficult

to break and has a strong heredity, resulting in the residual coarse columnar crystal in corresponding bar after hot rolling, and the
tensile strength of the bar after aging is only 987 MPa. The equiaxed crystal zone in the core of the ingot has no obvious preferred
orientation, and the corresponding bar after hot rolling has fine equiaxed grains with a tensile strength of 1290 MPa.
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Titanium alloy has been widely used in the aviation field
due to excellent characteristics such as low density, high
strength and corrosion resistance’ . Beta C (Ti-3Al-8V-6Cr-
4Mo-4Zr) is a metastable f titanium alloy and has good room
temperature plasticity and excellent cold workability. The
tensile strength of Beta C can reach 1500 MPa with proper
process matching, so it is widely used as spring and fastener
materials for aircraft® ™,

Thermomechanical process is an important processing of
titanium alloy from casting ingot to the final product, so
deformation behavior of Beta C titanium alloy has been
studied extensively® ™, so as the metastable S titanium
alloy®”\. Research showed that two main texture components
with <110> and <100> are found in TB6", Ti-5321 and Ti-
7333" indicating that thermal deformation can lead to a
certain preferred texture. Yan™ found that Ti-55531 and other
alloys will produce coarse <100> oriented S grain during
thermal thermomechanical process, and inhomogeneous
texture of the hot deformed bar from edge to center in cross
section is also found in Ti6242"" and TC18"" alloys, resulting
in inhomogeneous microstructure and leading to unstable
properties of the final product.

The inhomogeneity microstructure of f titanium alloy is
related to the deformation process, but it may also have an
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important relationship with the ingot initial structure since the
industrial ingot is generally large in size. With the increase in
ingot size, the microstructure of different parts of the ingot
varies greatly, which may affect the microstructure uniformity
of the bar.

Effect of texture inheritance on microstructure and
mechanical property of Beta C titanium alloy was studied in
this study, which may provide a technical reference for the
industrial production of high-quality Beta C titanium alloy
rods and wires.

1 Experiment

Mo40V40AI120, AIVSS, Al foil, pure Cr, Zr and Ti were
used to press the consumable electrode, and then the electrode
was vacuum melted four times to @440 mm ingot, with
695 mm in height and 648 kg in mass. The chemical
composition of the ingot was Ti-3.8Al-8.0V-5.9Gr-4.2Mo-
4.0Zr (Wt%).

The lower 1/2 part of the ingot was taken for research as the
middle and the bottom of the ingot was located at both ends of
the billet during the forging process to ensure that the stress
state and cooling conditions at the bottom and middle of the
ingot were the same, and thus to eliminate the influence of
above factors on the microstructure and mechanical property
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of the bar.

The lower 1/2 part of the ingot was forged by repeated
upsetting and drawing above the phase transformation
temperature to @170 mm billet. Then it was formed by radial
precision forging at 815 °C to @100 mm billet, and finally hot
rolled to @13 mm bar.

Afterwards @100 mm billet was solution treated at 815 °C
for 1 h, and then the tensile specimens were taken out at
different parts of the billet. The @13 mm bar was solution
treated at 815 °C for 30 min, and then aged at 480 °C for 8 h.
The tensile specimens are shown in Fig. 1, and the MTS 810-
15 tensile testing machine was used to test the tensile
properties. Microstructure phase identification was carried out
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Fig.1 Schematic diagram of tensile specimen
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on Smart Lab X-ray diffraction (XRD) with a scanning step of
2°/min from 20° to 90°.

JSM-7001F scanning electron microscope was used to
conduct SEM and EBSD analysis. The EBSD microstructure
analysis on the axial direction transverse direction (AX-TD)
of the sample was conducted with a scanning step of 15, 6,
and 3 pm for the ingot, @100 mm billet and @13 mm hot
rolled bar.

2 Results and Discussion

2.1 Microstructure of the ingot

Fig. 2a and Fig. 2b show the ingot longitudinal section
structure of different parts. The ingot can be divided into
shrinkage cavity zone (D at the head of the ingot, equiaxed
crystal region (2 in the core, equiaxed crystal region 3 at the
surface, columnar crystal zone &) which is inclined 45 ° to the
axial direction, and axial columnar crystal region (5 at the
bottom. The temperature of the water-cooled crucible is
relatively low, and the molten metal will instantly solidify
when contacting the crucible, forming a large number of
crystal nuclei at external surface of ingot. The molten bath and
the water-cooled crucible have a large temperature gradient at
the beginning of smelting, so columnar crystal structure forms
at the bottom of the ingot. When the distance between the
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Fig.2 Microstructures of ingot longitudinal section: (a) macroscopic structure, (b) schematic diagram of the ingot microstructure, (c) IPF and
ODF (¢p,=45°) maps of region 2), and (d) IPF and ODF (p,=45°) maps of region ®
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molten bath and the crucible bottom increases as smelting
continues, the molten bath mainly dissipates heat through the
crucible sidewall, thus the maximum temperature gradient
direction is deflected, and the grain growth direction is also
changed, so columnar crystal structure with a certain angle to
the axis is formed. The distance of the molten bath from the
crucible bottom and the crucible sidewall is large in the
middle of the molten bath, and the heat is not easily to lost,
and thus equiaxed crystal region with relatively coarse grains
forms in the ingot core.

Fig.2c and Fig. 2d show the inverse pole figure (IPF) and
¢,=45° orientation distribution function (ODF) in region @
and region (3. It can be seen that the region & is mainly
composed of strong (110) <100> texture and (001) <100>
texture, while there is no obvious texture in the equiaxed
crystal region .

2.2 Texture inheritance of the ingot

Fig.3 shows the microstructure of @100 mm billet. There is
a big spot in the central area of the billet tail, but the outer
periphery is fuzzy crystal structure, and the microstructure is

500 pm i

Fig.3 Microstructures of @100 mm billet: (a) cross section of the billet tail, (b) longitudinal section of the billet tail, (¢) cross section of the billet
head, (d) IPF and ODF (¢,=45°) maps of the billet outer periphery, and (¢) IPF and ODF (¢,=45°) maps of the abnormal microstructure in

the core

fibroid along the axial direction in the spot zone (Fig.3a and
Fig. 3b). The macrostructure of the billet tail is extremely
inhomogeneous while the macrostructure of the billet head is
uniform fuzzy crystal (Fig.3c).

It can be seen from Fig.3d that the fuzzy crystal structure
consists of equiaxed grains without obvious texture and the
highest texture intensity is just only 5. However, the big spot
is a large {001} <100> textured columnar grain with a lot of
low angle boundaries along the axial direction as shown in
Fig.3e, indicating that the columnar crystal in region & grows
into large columnar grains.

Fig.4 shows the IPF and ODF diagrams of @13 mm hot-
rolled bar. It can be seen that the bar head has a fine equiaxed
crystal structure with a grain size about 30 um, while there are
still part of columnar crystal in the bar tail, although the grains
in some areas are obviously refined after hot rolling.

The above research results show that the <100> textured
columnar grain of the ingot has a strong heritability, it is
difficult to break during forging and is inherited into the
bars. <100> is a typical compressive texture in metastable

200, g

Fig.4 IPF and ODF (p,=45°) maps of the @13 mm hot rolled bar:
(a) bar head and (b) bar tail
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titanium alloy"""”, strengthening of <100> texture is observed
for samples deformed at a higher temperature at a low strain
rate”, thus during upsetting and drawing forging process,
the <100> texture is easily formed. In addition, the
dynamically recrystallized grains are nucleated at the bulged
boundaries and have a similar orientation with respect to the
deformed matrix"", so many <100> textured dynamically
recrystallized grains are formed around the original <100>
columnar crystals, and then swallowed by the original <100>
columnar crystals, as shown in Fig.5. Thus large {001} <100>
textured columnar grain are formed in the billet tail and then
inherited into @13 mm hot rolled bar.
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Fig.5

The cooling speed of the @100 mm billet in the central area
is slower than the outer periphery, so a small amount of «
precipitates are formed during the cooling process, resulting in
a decrease in the plasticity of the alloy in the central area with
coarse columnar crystals. As shown in Fig.6, a peaks are de-
tected in the central area of the @100 mm billet, whereas it is
not found for the outer periphery. Higher a peak are detected
in the @13 mm aged bar head, indicating that more a preci-
pitates are formed at the bar head during the aging process.

Fig.7 shows the SEM microstructures of the @13 mm aged
bar head. It can be seen that a lot of a precipitates are gathered
at the grain boundaries. The above phenomenon is caused by
the fact that the a precipitates are mainly formed at the defects
and grain boundaries during the aging process'”'?. The bar
tail made from the columnar crystal area at the bottom of the
ingot inherits the columnar crystal structure, and most of the
structure is still coarse columnar crystal as shown in Fig.4b.
Therefore, the number of a precipitates after aging is less and

Table 1 Mechanical properties of @100 mm billet after solution

Sample o/MPa  ¢,,/MPa O,/% wl%
Central area 897 874 15.6 50.8
Outer periphery 890 867 22.4 63.7

Table 1 shows the mechanical properties of the @100 mm
billet after solution treatment. Table 2 shows the mechanical
properties of the @13 mm hot rolled bar after solution and
aging treatment. It can be seen that the tensile strength of the
@100 mm billet and @13 mm hot rolled bar is essentially the
same at different positions after solution treatment, but the
elongation of @100 mm billet in the central area with large
{001} <100> textured columnar grain is significantly lower
than the former. The tensile strength of the @13 mm hot rolled
bar tail is only 987 MPa after aging, while the tensile strength
of the bar head is 1290 MPa, which is nearly 45% higher than
that of solid solution.

IPF maps of columnar crystal (a) and schematic diagrams of <100> columnar crystal growth (b)

Table 2 Mechanical properties of @13 mm hot rolled bar

Sample o/MPa ¢, /MPa 6,/% wl%
) . Tail 873 850 253  6l1.1
Solid solution
Head 880 860 255 651
_ , _ Tail 987 929 19.0 3238
Solid solution+aging
Head 1290.5 1145 13.7 337
% _ Head of @13 mm aged bar
j\ Ry T s &
- Tail of @13 énm aged bar
5 .- g
%» I %
% E Outer periphery of @00 mmbillet
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Fig.6 XRD patterns of @100 mm billet after solution and @13 mm
aged bar
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structure is only 987 MPa, while the tensile strength of the
equiaxed bar can reach 1290 MPa.
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