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Abstract: Ti-43Al-9V-Y alloy sheets with dimensions of 300 mm×100 mm×(1.5−2) mm were produced by hot-pack rolling. After 
rolling, the microstructure of Ti-43Al-9V-Y alloy sheet becomes near gamma(NG), which is comprised of γ+B2 phases. After heat 
treatment(HT) at 1 200−1 320 ℃ for 30 min followed by furnace cooling(FC), network shape structure of B2 phases in as-rolled 
microstructure is retained on the whole. Moreover, with increasing the HT temperature, precipitation of B2 phase lamellae in 
equiaxed γ grains is increased. Equiaxed γ grains transform partly to α2/γ/B2 lamellar structure after the heat treatment at 1 320 ℃ 
for 30 min. Tensile test results show that room-temperature yield strength(YS) and ultimate tensile strength(UTS) of the as-rolled 
material are 509 and 612 MPa, respectively. With the test temperature increasing, the YS and UTS of the as-rolled are decreased, but 
the elongation is improved. After HT at 1 200 ℃, both yield strength and fracture strength of Ti-43Al-9V-Y alloy sheet are the 
lowest. With HT temperature increasing, fracture strength is increased obviously, but yield strength of the sheet after HT at 1 280 ℃ 
is the highest, about 869 MPa. 
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1 Introduction 
 

Intermetallic alloys based on γ-TiAl have potentials 
as high temperature materials for the application of 
aerospace and automobile engine, due to their attractive 
properties, such as relatively low density, high specific 
strength and specific elastic modulus, and good anti- 
oxidation performance[1−5]. 

In recent years, much emphasis has been placed on 
the fabrication of TiAl sheet, and it makes good sense for 
the preparation of hypersonic aircraft[6−7]. Nevertheless, 
processing of TiAl alloy sheet is difficult due to its 
limited ductility and poor hot workability. Recent 
advances, however, have allowed rolling of TiAl alloy 
sheets to produce a fine-grained equiaxed γ/α2 
microstructure[8−10]. Additionally, the microstructure of 
TiAl alloys can be manipulated by heat treatment to 
produce a fine-grained lamellar microstructure. Such 
rolled sheets can be subsequently formed to engineering 
parts by means of superplastic forming or conventional 
hot-die forming[11−12]. 

For the rolling of TiAl alloy sheets, ingot 

metallurgical(IM) and powder metallurgical(PM) 
processing routes have been developed. At present, most 
as-rolled TiAl alloys are of γ+α2 microstructure[13−15]. 
In this study, a Ti-43Al-9V-Y alloy sheet comprised of 
γ+B2 phases was prepared using ingot metallurgical 
processing route, and the microstructure and mechanical 
properties of this alloy sheet, both in as-rolled state and 
after heat treatment, were investigated. 
 
2 Experimental 
 

Ti-43Al-9V-Y (molar fraction, %) alloy ingot in 
nominal composition was prepared by induction skull 
melting(ISM) technique. The starting materials used in 
this study were sponge titanium (＞99.7% purity), highly 
pure aluminium (99.99% purity), Al-V and Al-Y master 
alloys. The impurity level of oxygen was measured to be 
quite low (＜5×104). Subsequently, the homogenization 
heat treatment was performed at 900  for 48℃  h. The 
homogenized ingot by hot isostatic pressing(HIP) was 
conducted for 4 h at 1 250  and a pressure of 170℃  MPa 
in Ar atmosphere, followed by furnace cooling(FC). The 
HIPed ingot was canned with stainless steel, preheated 
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(1 200 ) a℃ nd forged at a nominal strain rate of about 
0.5 s−1 with a total deformation ratio of about 75%, and 
then annealed at 900  for 48℃  h and de-canned. 

The wrought alloy was then cut into pieces which 
were packed in stainless steel can. The canned sample 
was hot-rolled on a mill with two rolls of 200 mm 
(diameter)×300 mm (width). Preheating (approximately 
1 h) and reheating (10−15 min between two passes) in a 
furnace were operated at a fixed temperature for the 
given piece. Furnace temperature of 1 200  was us℃ ed. 
The canned preform was rolled approximately fifteen 
passes in which the nominal reduction per pass was 
approximately 8%−10%. The nominal rolling speed was 
below 0.5 m/s. After rolling, the rolled sheet was allowed 
to furnace cooling and de-canned. The final Ti-43Al-9V-Y 
alloy sheets with a dimension of about 300 mm×100 
mm×(1.5−2) mm were successfully obtained. Sub- 
sequently, the sheet was heat treated at different 
temperatures (1 200−1 320 ℃, 30 min+FC). 

The microstructure was characterized by scanning 
electron microscope(SEM/EDS) with backscattered 
electron mode(BSE), X-ray diffractometer(XRD) and 
transmission electron microscope(TEM). Specimens for 
TEM observation were prepared using standard 
procedures by ion beam thinner. Tensile test specimens 
of the as-rolled sheet were prepared by spark erosion 
parallel to the rolling direction with a gauge section of  
15 mm×6 mm×2 mm for room temperature(RT) test 
and with gauge section of 30 mm×5 mm×2 mm for 
700  and 950℃  ℃ tests in air, respectively, at an initial 
strain rate of 1×10−4 s−1. The mechanical properties of 
the samples after heat treatment were measured by 
compression tests at room temperature. For the 
compression tests, cylindrical samples with a dimension 
of d 1.5 mm×2 mm were used, and the strain rate was 
4.17×10−3 s−1. 
 
3 Results and discussion 
 
3.1 Microstructure of as-cast, as-forged and as-rolled 

alloys 
Microstructure and properties of TiAl alloys are 

very sensitive to hot processing. Casting, forging and 
rolling have significant impact on the microstructure of 
TiAl alloys. Fig.1 shows the microstructures of the 
as-cast, as-forged and as-rolled Ti-43Al-9V-Y alloys. 
XRD patterns of materials confirm the presence of γ, α2 
and B2 phases, as shown in Fig.2. 

The microstructure of the as-cast Ti-43Al-9V-Y 
alloy is fine-grained and mainly consists of lamellar 
structure (approximately 85%, volume fraction), and the 
colony size is about 80 μm, as shown in Fig.1(a). The 
bright particles (such as A area) are enriched in Y and Al 
with the Al-to-Y molar ratio of about 21׃, and Ti and V 

 

 
Fig.1 BSE images of Ti-43Al-9V-Y alloy: (a) As-cast; (b) As- 
forged; (c) As-rolled 
 

 
Fig.2 X-ray diffraction patterns of Ti-43Al-9V-Y alloy 
 
are rare in the particles. The particles can be determined 
as YAl2 phase according to the previous study[16]. The 
YAl2 phase cannot be found by XRD. The reason for the 
absence of YAl2 phase is that the phase is too rare to be 
detected by XRD. Gray phases (such as B area) along 
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colony boundaries have an average composition of 46Ti, 
32.79Al and 21.21V (molar fraction, %) and Y cannot be 
found. By combining with XRD result, it can be 
confirmed that the gray phases are B2 phase. The 
lamellae (such as C area) and dark single γ phase along 
colony boundaries (such as D area) have the average 
compositions of 46.41Ti, 43.52Al, 10.07V and 47.95Ti, 
46.36Al, 5.69V (molar fraction, %), respectively. Y 
cannot be found in these regions. It should be noted that 
V content is obviously different in the different phases. 
Relatively high V content in the β phase is consistent 
with the viewpoint that V can stabilize the β phase in 
TiAl alloys. The V content in single γ phase is about 
5.69%, which is slightly lower than that in lamellae. 

Fig.3 shows TEM image of lamellar structure of the 
as-cast Ti-43Al-9V-Y alloy. It can be found that some 
precipitates appear in the lamellar colonies, besides α2 
and γ. These precipitates are identified as B2 phase by 
TEM. EDS results taken from the B2 precipitates show 
an average composition of 49.7Ti，28.5Al，21.8V (molar 
fraction, %). 
 

 

Fig.3 Microstructure of B2 lamellar 
 

From Fig.1(b), the as-forged Ti-43Al-9V-Y alloy 
has refined streamline microstructure including a large 
number of recrystallized grains and broken lamellae. 
Fig.1(c) shows the microstructure of Ti-43Al-9V-Y alloy 
after rolling at 1 200 . After rolling, the microstructure ℃

of Ti-43Al-9V-Y alloy sheet becomes near gamma(NG). 
In Fig.1(c), the different phases could be identified by 
BSE and EDS analysis. The dark phase is γ phase with 
the highest volume fraction. The gray phase in a form of 
network is B2 phase with higher V content in comparison 
with the actual composition of the alloy. The bright 
particles are enriched in Y as those in the as-cast material. 
Compared with the microstructures of the as-cast and 
as-forged alloys, it is difficult to find α2 phase in the 
as-rolled alloy. Therefore, after rolling, the 
microstructures of Ti-43Al-9V-Y alloy mainly transform 
to a dual-phase which are comprised of γ+B2 phases. 

The as-rolled material primarily consists of 
equiaxed γ grains with a mean size of 20 μm. No 
streamline structure is found in the as-rolled material and 
γ grains become coarser, which proves that 
recrystallization occurs abundantly in the process of 
rolling. But the structure is still refined in comparison 
with the as-cast material. 
 
3.2 Microstructure of as-rolled alloy after heat treat- 

ment 
Heat treatment(HT) has tremendous impact on 

microstructure and properties of TiAl alloys. Fig.4 shows 
the BSE microstructures of as-rolled Ti-43Al-9V-Y alloy 
after different heat treatments. 
 

 
Fig.4 Microstructures of as-rolled alloy after different heat 
treatments: (a) 1 200 ℃, 30 min+FC; (b) 1 280 ℃, 30 min+FC; 
(c) 1 320 ℃, 30 min+FC 
 

From Fig.4, it can be found that network-shape 
structure of B2 phase in the as-rolled microstructure is 
retained on the whole after heat treatment of 1 200−    
1 320 ℃, 30 min+FC. With enhancing the HT 
temperature, the precipitation of lath phase in γ equiaxed 
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grains increases in the as-rolled alloy (such as A and C 
areas). 

Because the ordering temperature of β→B2 is about 
1 100 , ℃ B2 phase can transform into disordered β phase 
above 1 100 ℃ during HT processing. At different HT 
temperatures, V element can diffuse from β phases 
surrounding γ equiaxed grains to high temperature phases 
of γ gains. During cooling processing of HT, B2 phase 
precipitates in the equiaxed grains again because of the 
lower solid solubility of V elements in γ phase, resulting 
in the formation of B2 laths in γ equiaxed grains. With 
enhancing the HT temperature, the content of B2 laths 
formed in γ equiaxed grains increases obviously. After 
heat treatment at 1 280 , ℃ γ equiaxed grains are refined 
because the content of B2 laths formed in γ equiaxed 
grains increases significantly. 

When heat treatment temperature reaches 1 320 , ℃

microstructure of the as-rolled alloy is changed 
significantly (as shown in Fig.4(c)). After heat treatment 
at 1 320 , a large number of ℃ γ equiaxed grains are 
changed into α2/γ/B2 lamellar structure (such as C area), 
indicating that the content of lamellae increases 
significantly. However, after heat treatment at 1 320 ℃, 
for 30 min, some γ equiaxed grains are still not 
completely changed into α2/γ/B2 lamellar structure due to 
the short HT time. Compared with the microstructure in 
Fig.4(b), the size of the equiaxed γ grains and lamellar 
colonies after HT at  1 320  ℃ are coarsened slightly. 
 
3.3 Mechanical properties of sheets 

The tensile and compressive properties of 
Ti-43Al-9V-Y alloy sheet are listed in Table 1 and Table 
2. From Table 1, it is obvious that the tensile properties 
of the as-rolled alloy are regularly changed with 
temperature increasing. At room temperature, the yield 
strength(YS) and ultimate tensile strength(UTS) of the 
as-rolled material are 509 and 612 MPa, respectively. 
With temperature increasing, the YS and UTS of the 
as-rolled decrease, but the elongation is improved. At 
950 , the ultimate tensile strength ℃ is around 88 MPa, 
and elongation to failure up to 76.5% is obtained, which 
indicates that the high temperature ductility of 
Ti-43Al-9V-Y alloy sheet is excellent. From Table 2, it 
can be found that heat treatment produces an effect on 
room-temperature compressive properties of Ti-43Al-9V- 
Y alloy sheet. After HT at 1 200 , both ℃ yield strength 
and fracture strength of Ti-43Al-9V-Y alloy sheet are the 
lowest. With HT temperature increasing, fracture 
strength obviously increases. However, the yield strength 
of the sheet after HT at 1 280  ℃ is the highest, about 869 
MPa, which may be attributed to the small γ equiaxed 
grain size. After HT at 1 320 , compar℃ ed with HT at 

Table 1 Tensile properties of Ti-43Al-9V-Y alloy sheet 

Test 
temperature

Yield 
strength/MPa

Ultimate tensile 
strength/MPa 

Elongation/
% 

Room 
temperature 509 612 1.2 

700 ℃ 415 489 7.9 

950 ℃ 84 88 76.5 

 
Table 2 Room-temperature compressive properties of Ti-43Al- 
9V-Y alloy sheet after heat treatment 

Heat treated 
condition 

Yield 
strength/MPa 

Fracture 
strength/MPa 

1 200 ℃, 30 min 699 2 892 

1 280 ℃, 30 min 869 3 254 

1 320 ℃, 30 min 776 3 310 

 
1 280 , the slight increas℃ e of the size of equiaxed γ 
grains and lamellar colonies results in the decrease of 
yield strength. 
 
4 Conclusions 
 

1) Ti-43Al-9V-Y alloy sheets with dimensions of 
about 300 mm×100 mm×(1.5−2) mm are produced by 
hot-pack rolling method. After rolling processing, the 
microstructure of Ti-43Al-9V-Y alloy sheet becomes 
near gamma(NG), which is comprised of γ+B2 phases. 
The B2 phases distribute in the network shape along γ 
grains and the YAl2 particles are dispersive. 

2) After heat treatment at 1 200−1 320  for 30℃  
min followed by FC, network-shape structure of B2 
phase in the as-rolled microstructure is retained on the 
whole. Moreover, with increasing the HT temperature, 
precipitation of B2 phase lamellae in equiaxed γ grains is 
increased. Equiaxed γ grains transform partly from single 
γ phase to α2/γ/B2 lamellar structure after the heat 
treatment at 1 320  for 30℃  min. 

3) Tensile properties of the as-rolled alloy are 
regularly changed with temperature increasing. At room 
temperature, the YS and UTS of the as-rolled material 
are 509 and 612 MPa, respectively. With temperature 
increasing, the YS and UTS of as-rolled are decreased, 
but elongation is improved. At 950 , the ultimate ℃

tensile strength is around 88 MPa, and the elongation to 
failure up to 76.5% is obtained. Heat treatment produces 
an effect on room-temperature compressive properties of 
Ti-43Al-9V-Y alloy sheet. After HT at 1 200 , both ℃

yield strength and fracture strength of Ti-43Al-9V-Y 
alloy sheet are the lowest. With HT temperature 
increasing, fracture strength is obviously increased, and 
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the yield strength of the sheet after HT at 1 280  ℃ is the 
highest, about 869 MPa. 
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