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Abstract: For precise plastic deformation, microstructure control is essential especially for S-solidifying y-TiAl alloy
with duplex structure. Based on stereology, the microstructure of isothermally compressed y-TiAl alloy was divided into
po grains, remnant a,/y lamellar colonies, a, and y grains. The results show that the volume fraction of f, grains slightly
increases in the isothermally compressed y-TiAl alloy with the increase of height reduction. Meanwhile, the volume
fractions of remnant a,/y lamellar colonies and a, grains decrease. However, the volume fraction of y grains increases
from 64.39% to 78.47%. According to the quantitative results, the a—y phase transformation was investigated in-depth,
and it is found that isothermal compression accelerates the a—y phase transformation. The first a—y phase
transformation is similar to ledge-controlled transformation, through which remnant a,/y lamellar colonies finally

convert into y grains in isothermal compression. The second is achieved by a/y phase interface immigration.
Key words: TiAl alloy; stereology; digital image analysis; microstructure; phase transformation

1 Introduction

In recent years, weight-saving becomes a
crucial issue for improving the fuel efficiency and
service performance of aircraft engines. The first
way out is advanced design. For example, PRATT
& WHITNEY Company replaced conventional jet
engines with PW1100G-JM engines, in which a
speed-reduction gearbox was introduced to increase
the bypass ratio [1]. The second solution is
substituting light-weight alloys for heavy Ni-based
alloys. Since 2006, y-TiAl alloys with the density
of 3.9-42 g/em’ have been widely used as
low-pressure turbine blades in aero engines like
GEnx engines, resulting in a weight saving of about
400 lbs [2,3]. So far, the components of y-TiAl
alloys after thermomechanical processing have been
successfully implemented in aero engines, and the
performance of y-TiAl alloys is strongly related to

internal microstructure characteristics [4—6].

To achieve microstructure control, intensive
researches  were
evolutions like dynamic recrystallization (DRX)
and phase transformations in thermomechanical
processing of y-TiAl alloys [7-9]. ZHANG et al [10]
investigated the mechanisms of Ti—43A1-9V—0.2Y
(at.%, hereafter) hot-rolled above a-transus
temperature. XIANG et al [11] acclaimed that DRX

focused on microstructure

induced by twinning and a,—f phase
transformation occurred in the isothermal
compression of TNM alloys. SOKOLOVSKY

et al [12] found that deformation assisted y—a
phase transformation when Ti—43.2A1-1.9V—
1.1INb—1.0Zr was hot compressed in (a+y) phase
field. ZONG et al [13] claimed that hydrogen
promoted a,—B2 phase transformation and o
lamellae coarsening. Previous studies [14—17] were
focused on precipitation of y lamellae via a/a,—y
phase transformation during the cooling of y-TiAl
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alloys, while the a—y phase transformation in
isothermal compression is less concerned. In most
cases, multiple phases coexist in y-TiAl alloys,
which perhaps affect phase transformation
mechanisms. So, it is obliged for the quantitative
characterization of multi-phase y-TiAl alloys. In
Ref. [18], quantitative analysis was carried out for
microstructure characteristics of TNM alloy heat
treated under various conditions by SEM and XRD.
However, unreasonable results of volume fractions
perhaps appear for combining two technologies.
Moreover, previous studies [18,19] neglected the
distribution and the orientation uniformity for the
microstructure of y-TiAl alloys.

In this work, quantitative characterization was
carried out for Ti—42.9A1-4.6Nb—2Cr with duplex
structure after isothermal compression. Four types
of characteristic parameters were measured and
presented as the functions of height reduction to
elucidate the influence of deformation. According
to quantitative analysis, the phase transformation
mechanisms of the isothermally compressed
Ti—42.9A1-4.6Nb—2Cr investigated via
TEM technology. Such quantitative characterization
is important to establish constitutive models and
comprehensively evaluate the microstructure of
multi-phase y-TiAl alloys.

Wwere

2 Experiments
separation

and digital image

Ti—42.9A1-4.6Nb—2Cr, a commercial p-
solidifying y-TiAl alloy with duplex structure, was
supplied in the present study. As seen from
Fig. 1(a), the starting microstructure of Ti—42.9Al—
4.6Nb—2Cr consists of the elongated f, grains,
equiaxed y grains and a,/y lamellar colonies. The
o-transus temperature of Ti—42.9A1-4.6Nb—2Cr
was approximately 1281 °C.

The as-received Ti—42.9A1-4.6Nb—2Cr billet
was manufactured into cylinders with a diameter
of 8mm and a height of 12 mm. Isothermal
compression tests were performed on the
Thermecmastor-Z thermomechanical simulator at a
deformation temperature of 1200 °C and strain rate
of 0.01 s™', and the height reductions of 20%—50%
in vacuum. Details of isothermal compression tests
were described in Refs. [20,21]. Isothermally
compressed specimens were sectioned axially, and
then mechanically ground to 1500 grit for electro-

polishing. After electro-polishing, specimens were
observed on an FEI Helios G4 CX SEM in back-
scattered electron (BSE) mode. All observations
were taken from large deformation areas of
deformed specimens.

Figure 1(b) shows the SEM-BSE image of
the isothermally compressed Ti—42.9A1-4.6Nb—2Cr.
As seen from Fig. 1(b), the microstructure of
Ti—42.9A1-4.6Nb—2Cr after compression was
composed of remnant a,/y lamellar colonies partly
with kinked characteristic, S, phase with the highest
contrast, newly-formed y grains, and some o, grains
which were new a,/y lamellar colonies formed
during subsequent air-cooling. Hereafter, the newly
formed o,/y lamellar colonies were termed as o,
grains. EBSD data were collected via a TESCAN
MIRA3 XMU SEM and NordlysMax detector.
After that, Schmid factors were calculated via HKL
Channel5 software. The nanoscale observation was
performed on an FEI Talos F200X TEM.

A seamless montage was created by nine
SEM-BSE images with high resolution, to avoid
the local non-uniform distribution of microstructure
and ensure the reliability of quantitative
characterization. According to plastic deformation
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(a) and isothermally compressed Ti—42.9A1-4.6Nb—2Cr
at 1200°C and strain rate of 0.01s' with height
reduction of 20% (b)
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behavior, the microstructure of Ti—42.9A1-4.6Nb—
2Cr after isothermal compression was divided into
four units, f, grains, remnant o,/y lamellar colonies,
o, and y grains. The content of backscattered
electrons is linked to atomic number, so y, o, and S
phases present various gray values and can be
effectively distinguished on SEM-BSE images.
However, all automatic segmentation technologies
based on gray value variation were failed to
distinguish four units in f-solidifying y-TiAl alloys.
Thereby, SEM-BSE images
segmented.

were manually

3 Characterization parameters

According to the stereology and metallography,
four characteristic parameters (volume fraction, size
parameters, distribution parameters and orientation
parameters) were chosen to describe the
microstructure morphology. The measurement of
characteristic parameters was carried out via
Image-Pro Plus version 6.0 software. According to
Dellesse law, the volume fraction of structural units
is the sum of object areas divided by image areas.
In the present work, the volume fractions of y grains
in as-received or compressed Ti—42.9Al1—4.6Nb—
2Cr were higher than 60%, and most y grains were
adhered with each other, which would seriously
deteriorate the quantitative accuracy of y grains.
Therefore, other characteristic parameters are
targeted for a,/y lamellar colonies, 5, and a, grains.

3.1 Size parameters
3.1.1 Sizes of grains or lamellar colonies

In the present work, the average grain intercept
method was adopted. For accurate measurement,
lines passing through the object’s centroid were
rotated with an angle of 2°, as shown in Fig. 2. And
each dimension of objects was calculated by the
average length of intercepted lines /.. Then, the
average dimension of grains or lamellar colonies
was equal to the sum of dimensions divided by the
numbers of measured objects.
3.1.2 Shape factor

The aspect ratio was adopted to describe the
morphological alteration of regular grains and a/y
lamellar colonies, and is expressed as follows:

S:Zmax/lmin (1)

where /. and [, represent the length (um) for the
major and minor axes of the fitting ellipse (which is
equivalent to the object with the same area), and s is
the aspect ratio of measured objects. The larger the
shape factor is, the closer the shape of the object to
circle is.

Fig. 2 Schematic diagram for lamellar colonies/grain size
of measured objects

As seen from Fig. 1(b), some f, grains are
elongated and present serrated edges, implying that
the aspect ratio might be less effective for these
irregular grains, especially for those with W-shape
or O-shape. In light of the aforementioned cases,
the roundness (r) instead of aspect ratio was used to
manifest the variation of 5, grains, and is calculated
by the following equation:

r=P*/(4n4) (2)

where P and A are the perimeter (um) and area (um?)
of the measured object, respectively. For round
particles with the radius of a, the perimeter and area
are 2na and ma’, respectively. And the calculated
roundness » is 1. Since the roundness and aspect
ratio show similar variation tendency, the aspect
ratio was preserved to describe shape change for
other grains and a,/y lamellar colonies.
3.1.3 Lamellar spacing

Concerning the sandwiched structure, the layer
thickness is one of the essential parameters related
to mechanical properties, like yield strength.
Therefore, the lamellar thickness should be
included in the quantitative characterization of a/y
lamellar colonies. To be clear, the y/y interface
between y variants is a twin interface, and intensive
y domains with twin orientations coexist in a single
y variant. Thereby, the distance between ay/y



1996 Run-run XU, Miao-quan LI/Trans. Nonferrous Met. Soc. China 31(2021) 1993—-2004

interfaces was adopted as lamellar spacing. As the
present work was focused on the effect of height
reduction, the lamellar spacing of newly-formed
ao/y lamellar colonies (a, grains) was omitted,
since these lamellar colonies were formed after
isothermal compression.

3.2 Distribution parameters

The spatial arrangement homogeneity of
structural units is indispensable for microstructure
quantification. From the scene in Fig. 3, Points C
and D tied with elastic band move along edges of
islands 4 and B, respectively. Then, the distance
between islands 4 and B equals the mean length of
the elastic band. This means that the distribution of
particles can be quantified by mean free path 4,
which is given by [22]

A=(1-Vy)/Ny 3)

where Vy is the volume fraction (%) of the
measured object, Ni represents the possibility that
line segment in per unit length (termed as Lo
hereafter) encounters measured objects, or the
crossing number when L intersects with the edge of
measured objects.

Fig. 3 Illustration of mean free path A

Referring to CHEN et al [23], Eq. (3) can be
calculated via other stereographic parameters, and
the relationship is
izz(l_VV) DmaXDmin /3VV 4)
where Dp.x and D, represent the maximum and
minimum diameters (um) of measured object,
respectively. As S, grains distributed as necklace-
structure along a,/y lamellar colonies and y grains,
Dyax and Dy, in Eq. (4) were replaced by /. and
Imin for high quantitative accuracy.

For rod-shaped microstructure units, the angle
6, between the major axis of the fitting ellipse and
compression direction was also adopted to describe
the distribution homogeneity for microstructure, as
illustrated in Fig. 4.

Fig. 4 Characteristic parameter ¢, for distribution

3.3 Orientation parameters

y and a, lamellae kept Blackburn crystallo-
graphic orientation relationship as {111},//(0001),,
and  (110),//(1120),  [24].  Most  often,
deformation of y lamellae occurs on {111} close-
packed planes, while that of a, lamellac only
happens compression  axis  is
perpendicular to (0001) axis, leading to large
deformation  anisotropy  of  ay/y
colonies [25,26]. Considering that, the angle 6,
between the lamellar interface (a,/y phase interface)
and compression axis was involved in quantitative
characterization, and is illustrated in Fig. 5.

when  the

lamellar

a,/y lamellar colony

Fig. 5 Characteristic parameter 8, for orientation of a,/y
lamellar colony

4 Results and discussion

4.1 Microstructure characteristics of f, grains
Figure 6 shows the variation of characteristic
parameters for f, grains of the isothermally
compressed Ti—42.9A1-4.6Nb—2Cr at deformation
temperature of 1200 °C and strain rate of 0.01 s '
As seen from Figs. 6(a, b), the volume fraction
slightly increases, while the grain size of f, grains
in the isothermally compressed Ti—42.9Al—
4.6Nb—2Cr changes in volatility with the increase
of height reductions from 20% to 50%. And the
average volume fraction and grain size of f, grains
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Fig. 6 Effect of height reduction on characteristic parameters of f; grains in isothermally compressed Ti—42.9Al1—
4.6Nb—2Cr at 1200 °C and 0.01 s": (a) Volume fraction; (b) Grain size; (c) Roundness; (d) Distribution angle; (¢) Mean

free path

are 6.50% and 2.14 um, respectively. As seen from
Fig. 6(c), the roundness of f, grains in the
isothermally compressed Ti—42.9A1-4.6Nb—2Cr
decreases after an increase with increasing height
reduction, reaching the maximum roundness (2.54)
at a height reduction of 40%. As seen from Fig. 6(d),
the height reduction has a slight impact on the
distribution angle 6, in the isothermally compressed
Ti—42.9A1-4.6Nb—2Cr, and the average angle 8, is

about 89.06°. With the increase of height reduction,
the mean free path of S, grains in the isothermally
compressed  Ti—42.9A1-4.6Nb—2Cr  decreases
(Fig. 6(e)). indicate that the
distribution heterogeneity for f, grains increases in
the isothermal compression of Ti—42.9Al1-4.6Nb—
2Cr, and the changes might be relevant to grain
evolution behavior of other phase or deformation-
induced phase transformation.

Such variations
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4.2 Microstructure characteristics of remnant
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a,/y lamellar colonies

Figure 7 exhibits the variation of remnant ay/y
lamellar colonies in the isothermal compression of

Ti—42.9A1-4.6Nb—2Cr. As seen from Fig. 7(a), the
volume fraction decreases with the increase of
height reduction. And the size of remnant o,/y
lamellar colonies in the isothermally compressed

107Ga) ?[(®)
Z E 8t
8r 2
~ g 7
) w1t
£ 6} Z 8
g = il
£ 2
Q [5)
E’ 4r & S5t
= =
>l § 4l
? =
0 . . _ 7 A . .
20 25 30 35 45 50 20 25 3 35 45
Height reduction/% Height reduction/%
14 © 3.0 @
12k Major axis
) Minor axis 7—
10 H 25 It
2 7 7 | ¢ 7
g 8 5 7 7
5 2 20t
— 6n N 2
af N
g 1.5F
2 H
20 25 30 35 40 45 50 20 25 30 35 40 45 50
Height reduction/% Height reduction/%
0.8
0l© Z ®
> 7 7) 7 7
= sof £ 06
Q ~ -
o % & 7
S 401 'S
g &
E 30t 5 04f
=] —
o (]
& 20} g
02F
10}
0 25 30 35 40 45 50 20 25 30 35 40 45 50
Height reduction/% Height reduction/%
200
(€9)
150 F 7
=)
3
= 100 7
<
o
g s0r
o~
=
g of
=
_50 -
A/ /N /
20 25 30 35 40 45 50
Height reduction/%

Fig. 7 Effect of height reduction on characteristic parameters of remnant a,/y lamellar colonies in isothermally
compressed Ti—42.9A1-4.6Nb—2Cr at 1200 °C and 0.01 s ': (a) Volume fraction [27]; (b) Lamellar colonies size;

(c) Length of fitting ellipse; (d) Aspect ratio; (e) Orientation angle, 6,; (f) Lamellar spacing; (g) Mean free path
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Ti—42.9A1-4.6Nb—2Cr decreases from 7.62 to
5.52 um (Fig. 7(b)). Meanwhile, the length of major
axis decreases from 11.78 to 9.45 pm, and the
length of minor axis decreases from 5.64 to
3.92 um, whereas the aspect ratio increases from
2.29 to 2.63, as shown in Figs. 7(c, d). These
changes indicate that remnant a,/y lamellar colonies
of Ti—42.9A1-4.6Nb—2Cr are gradually consumed
by other structural units in isothermal compression.
As seen from Fig. 7(e), the orientation angle 6,
between the a,/y phase interface and the
compression axis in the isothermally compressed
Ti—42.9A1-4.6Nb—2Cr increases from 35.77° to
63.99° with the increase of height reduction,
implying a significant reduction in remnant a,/y
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lamellar colonies with the orientation range of
0°-45° to the compression axis. Moreover, the
lamellar spacing, which is the distance of a,/y phase
interface in remnant a,/y lamellar colonies for the
isothermally compressed Ti—42.9A1-4.6Nb—2Cr,
increases slightly from 0.69 to 0.74 pm (Fig. 7(f)).
The mean free path of remnant o,/y lamellar
colonies in the isothermally compressed
Ti—42.9A1-4.6Nb—2Cr increases (Fig. 7(g)),
implying that the distance of remnant o,/y lamellar
colonies increases as the height reduction increases.

4.3 Microstructure characteristics of a, grains
Figure 8 presents the quantitative variations of
0, grains (a,/y lamellar colonies newly-formed in
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Fig. 8 Effect of height reduction on characteristic parameters of o, grains in isothermally compressed Ti—42.9A1—
4.6Nb—2Cr at 1200 °C and 0.01 s ' (a) Volume fraction; (b) Grain size; (c) Length of fitting ellipse; (d) Aspect ratio;

(e) Distribution angle, 6;; (f) Mean free path
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subsequent air-cooling) of isothermally compressed
Ti—42.9A1-4.6Nb—2Cr. The volume fraction of
o, grains in the isothermally compressed Ti—
42.9A1-4.6Nb—2Cr decreases from 19.32% to
11.84%, and the grain size decreases from 5.17 to
3.64 um with the increase of height reduction, as
seen from Figs. 8(a, b). Howbeit lengths of major
and minor axis decrease from 8.52 and 3.81 um to
6.68 and 2.72 um (Fig. 8(c)), respectively, and the
aspect ratio presents a wave change as the height
reduction increases from 20% to 50% (Fig. 8(d)).
Meanwhile, the distribution angle 6, and mean
free length of @, grains increase, as seen from
Figs. 8(e, f). And the maximum value of mean free
length is 21.03 pm.

4.4 Microstructure characteristics of y grains
Figure 9 presents the volume fraction of y
grains for the isothermally compressed Ti—42.9Al—
4.6Nb—2Cr at deformation temperature of 1200 °C
and strain rate of 0.01 s with height reduction of
20%—-50%. As interpreted in Section 3, it is
technically  unfeasible to other
characteristic parameters of y grains. As seen from
Fig. 9, the volume fraction of y grains in the
isothermally compressed Ti—42.9A1-4.6Nb—2Cr
increases from 64.39% to 78.47% with the increase
of height reduction. By combining with Figs. 6(a),
7(a) and 8(a), it can be inferred that the increase in y
grains of the isothermally compressed Ti—42.9Al—
4.6Nb—2Cr is relative to the decrease of remnant
ao/y lamellar colonies and o grains. This shows that

measure

isothermal compression promotes the a—y phase
transformation in the isothermally compressed
Ti—42.9A1-4.6Nb—2Cr with duplex structure.

80
75+ 7
X
3 7
= 70+
2
3=
g 651
=
2
60
55T
1 I/ 1 1 ‘
200 25 30 35 40 45 50
Height reduction/%

Fig. 9 Effect of height reduction on volume fraction of y
grains in isothermally compressed Ti—42.9Al-4.6Nb—
2Crat 1200 °C and 0.01 s "

4.5 a—y phase transformation
4.5.1 Distribution of Schmid factor

According to the previous results [24,28,29],
main deformation systems in the y phase are
1/2(110){111} and 1/6(112){111} , and main
potential systems in a, phase are 1/3¢1120{1010}
and 1/3¢1120)(0001). Figure 10 presents the
distribution histograms of Schmid factor for y and
o, phase of the isothermally compressed Ti—
42.9A1-4.6Nb—2Cr at deformation temperature of
1200 °C and strain rate of 0.01 s™' with height
reduction of 40%. As seen from Fig. 10(a),
proportions of Schmid factor (7>0.25) for ordinary
dislocations slip and twinning systems in y phase
are 89.17% and 72.45%, respectively, which means
that most y phase is in favorable orientations for
compression. For the a, phase, fractions for basal
and prismatic slip systems are 70.47% and 57.55%,
respectively. According to the results in Ref. [28],
the critical resolved shear stress (CRSS) for
basal slip is three times higher than the CRSS for

0.08
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Fig. 10 Distribution histograms of Schmid factor for y (a)
and a (b) phases in isothermally compressed Ti—42.9Al—
4.6Nb—2Cr at 1200 °C and strain rate of 0.01 s~ with
height reduction of 40%
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prismatic slip. Thus, it can be inferred that a
considerable number of o, phase is unfavorable
for plastic deformation. Therefore,
dislocations are blocked at the a,/y interfaces,
which might facilitate a—y phase transformation in

intensive

the isothermal compression of Ti—42.9Al-
4.6Nb—2Cr.
4.5.2 a—y phase transformation during isothermal
compression
Figure 11 presents TEM images and element
distributions of the isothermally compressed

Ti—42.9A1-4.6Nb—2Cr at deformation temperature
of 1200 °C and strain rate of 0.01 s ', with height
reductions of 40%—50%. As seen from
Figs. 11(a, b), significant dislocations are activated
in y lamellae of the isothermally compressed
Ti—42.9A1-4.6Nb—2Cr, while fewer dislocations
are observed in a, lamellae, which is consistent
with analysis in Section 4.5.1. Moreover, y lamellae,
which are confirmed by SEAD pattern in the insert
of Fig.11(a) and element distributions in
Figs. 11(c—f), grow into a wedge-shaped
morphology by consumption of a, lamellae. Such
an a—y phase transformation in the isothermal
compression is less reported and is different from

the a/o,—y phase transformation in subsequent
air-cooling of Ti—42.9A1-4.6Nb—2Cr. In terms of
the solidification theory [30], the a—y phase
transformation in Figs. 11(a, b) is analogous to the
ledge-controlled transformation with the aid of
spiral dislocations. Due to fewer dislocations in o,
lamellae, it can be inferred that this phase
transformation is induced by accumulated stress at
a,/y phase interface, and is significantly promoted
by isothermal compression instead of elements
diffusion. Consequently, y lamellac would convert
into y grains. Moreover, as seen from the dotted box
of Fig. 11(b), y grain bows into a,/y lamellar colony,
indicating that this a—y phase transformation is
achieved by a,/y phase interface immigration.
4.5.3 ala,—y phase transformation in subsequent
air-cooling

Figure 12(a) shows the precipitation of y nano-
twins and y lamellae in o, phase of the isothermally
compressed Ti—42.9A1-4.6Nb—2Cr at deformation
temperature of 1200 °C and strain rate of 0.01 s,
with height reduction of 20%. Figure 12(b) presents
the selected HRTEM image. As seen from
Fig. 12(a), significant amount of precipitates with
varied thickness arrange in a row, indicating that

1
o
A
1

Lamellar colony

y grain

Fig. 11 TEM images of Ti—42.9A1-4.6Nb—2Cr isothermally compressed at 1200 °C and strain rate of 0.01 s~ with
different height reductions: (a) 40%; (b) 50%; (c—f) Elements distributions of (b) (The insert in (a) is the corresponding

SAED pattern of SA)
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y lamellae

Fig. 12 TEM (a) and HRTEM (b) images of Ti—42.9Al—
4.6Nb—2Cr isothermally compressed at 1200 °C and
strain rate of 0.01 s™' with height reduction of 20%

the precipitation is in a specific direction. From a
nanoscale observation (Fig. 12(b)), y lamellae in the
isothermally compressed Ti—42.9A1-4.6Nb—2Cr
consist of intensive nano-twins. Indeed, these vy
nano-twins are multiple layers of superlattice
intrinsic  stacking fault (SISF) produced by
Shockley partial dislocations [31]. Therefore, the
o/a,—y phase transformation in the isothermally
compressed Ti—42.9A1-4.6Nb—2Cr in Fig. 12 is
achieved by the motion of Shockley partial
dislocations. This phase transformation is achieved
without the aid of phase interface immigration, and
it could be speculated that this o/o,—y phase
transformation  occurred  during  subsequent
air-cooling. As for the present cooling rate
(700 °C/min), atom diffusion contributes little for
o/a,—y phase transformation. DEY et al [14]
reported similar a/a,—y phase transformation via
continuous nucleation occurred during fast cooling
of Ti—46.8Al1-1.7Cr—1.8Nb. Considering that the
o—ay ordering would happen in air-cooling and
some y lamellae would also precipitate from the a,

phase, the phase transformation in Fig. 12 cannot be
limited to the a—y phase transformation.

5 Conclusions

(1) The volume fraction of S, grains slightly
increases in the isothermally compressed
Ti—42.9A1-4.6Nb—2Cr with the increase of height
reduction. Meanwhile, length
increases. However, the height reduction plays a
little role in the distribution angle 6, (the angle
between the major axis and compression axis), and
the average value for 6, is 89.06°.

(2) The volume fraction and lamellar colonies
size decrease with the increase of height reduction.
Conversely, the orientation angle #, between the
0,/y phase interface and compression axis, spacing
distance of a,/y phase interfaces and mean free path
of remnant a,/y lamellar colonies increase with the
increase of height reduction.

(3) The volume fraction, grain size, lengths of
major and minor axis for o, grains decrease with the
increase of height reduction, whereas the mean free
length increases. Meanwhile, the volume fraction of
y grains increases from 64.39% to 78.47%.

(4) Three types of a—y phase transformation
mechanisms occur in the isothermally compressed
Ti—42.9A1-4.6Nb—2Cr. The first one is analogous
to the ledge-controlled transformation induced by
isothermal compression, the second is achieved by
o/y phase interface immigration and the third is
formed by the coalescence of stacking faults pairs
in subsequent air-cooling.

the mean free
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#H E: SMARREENT&EMRIRE BRI BT, TCHRNESHLR »-TiAl 8. BT HMYEE,
WA HI p-TIAl G4 =R B AR TY G R RN By Ry BRAR aoly FEH] ap SRLAT y fRL 4 SRR BT
SRR MELIVREEREK, y-TiAl &&miRBIHEL)E Bo SR FIEFR D BIETHEIE R, RR afy FZHIAT oy
SRL AR D BORET N, Ty SRR AR 3 BOZR T 64.39%18 K2 78.47%. BT EBLEHE, WA a—y H
A%, UESERIRIBIEAS AR a—y FAE . H—F ooy FAERAUUT EERIA KR, TR afy FZ BRI ZFIHL
HRET LA y BB 5 a—y MAEA aly M FHER ML
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