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Effects of HIP Treatment and Heat Treatment on Tensile Properties at
Room Temperature of Cast TiAl-Fe-V-B Alloy

Sadao Nisuxior:, Kenji Matsuba and Yukiya Nakacawa

Synopsis : A gamma alloy, Ti 46.7A1-1.3Fe-1.1V-0.35B(mol%), has been developed as a casting materials for turbine components,

replacing superalloys. This alloy is characterized by the addition of Fe and V which improve castability. In order to
use this alloy widely, improvements of mechanical properties are required. Thus, microstructural evaluation of various
HIP treatments was studied to decrease amounts of casting defects. HIP treatment made a large contribution to
improve tensile properties and to reduce a scatter of mechanical value. As compared with other TiAl alloys, the grain
growth of an alpha phase during heat treatment at higher temperatures than alpha transus temperature in the TiAl-
Fe-V-B alloy was slower. Moreover, the optimum conditions of HIP treatment and heat treatment were determined
to further improve the room temperature strength and ductility in this study. As a result, we developed heat treatment
process to produce a duplex structure which improves ductility. The alloy with the duplex structure by the HIP and
heat treatments had 550MPa tensile strength and 1.8% elongation at room temperature. These results show that the
HIP and heat treatments improve both of strength and ductility. The stage 5 blades for use of low pressure turbine
were cast and its engineering applicability was demonstrated by 500 flight cycles test in a CF6 engine at GEAE, in

November, 1994.
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Fig. 1. Schematic drawing of radiation heating fur-
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Fig. 2. Backscattering electron image of as-cast
TiAl-Fe-V-B alloy.

nace.
2
2.0K] Y1y
w14
5
‘; 1.2
2
E 1.0
g
‘E 0. 8K}
0.6K p(011) ¥(202) y(113)
a2(401) y(220)  ¥(131) 1(313)
2.4K v(002) (331)
(001) (12(400) Y
I e (200) a2(402) a2(403) y222) 4(004) B(222)
0,0 J_J 7(201)/ 7(112) \3(112) J\ﬁ(ozz)ymz)‘( ¥(400) Mgaoz)

20 angle (degree)

ll)ﬂ 0 120.0

Cu Ko

Fig. 3. X-ray diffraction patterns of as-cast TiAl- Fe-V-B alloy.
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Fig. 4. Fracture surface of as—cast TiAl-Fe-V-B alloy.

Elongation : 0.60%

Yield Strength : 357MPa Tensile Strength : 4568MPa

(a) Optical micrograph of fracture surface
(b) Scanning electron fractograph of crack origin
(c) Scanning electron fractograph of crack origin
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Fig. 5. DTA thermograms for TiAl-Fe-V-B alloy.
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Fig. 6.

Backscattering electron images of TiAl-Fe

-V-B alloy.

(a) Heat treatment : 1330°C, 20h, Quench
Hardness : Hv340

(b) Heat treatment : 1285°C, 20h, Quench
Hardness : Hv 321

(c) Heat treatment : 1270°C, 20h, Quench
Hardness : Hv288
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Fig. 8. Relation between final average grain size
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Fig. 7. Backscattering electron images of TiAl-Fe-V-B alloy.

(a) 1400°C, 15min, Quench
(b) 1400°C, 1h, Quench
(c) 1400°C, 5h, Quench
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Fig. 9. T-T-Alpha transus diagram for TiAl-Fe-V
-B alloy.
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Table 1. Effects of HIP treatment and heat treat-
mept on room temperature tensile prop-
erties.

No. Heat treatment Cu (MPa) E. 1(%)

1 as - cast 480 0.5
2 H.T:1300°C/5h 500 0.6
3 HIP : 1300°C/ 5h / 200MPa 540 0.8

4 HIP : 1300°C/ 5h / 200MPa ‘

H.T:1300°C/15h 550 1.8
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