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Improvements of Room Temperature Tensile Properties in Cast TiAl-Fe-V-B Alloy
by Microstructural Control

Sadao Nisuikior: and Kenji Martsuba

Synopsis :

A gamma TiAl alloy, Ti-46.7Al-1.3Fe-1.1V-0.35B (mol%) was developed as a casting material for turbine components,

replacing superalloys. This alloy is characterized by the addition of Fe, V and B which improve castability. Analysis
of X-ray diffraction patterns revealed the presence of the y phase, the &, phase and the 8 phase. The 8 phase exists
inherent in these alloying additions. This work has focused on the optimization of heat treatment conditions and
metallurgical features to improve the room temperature tensile properties though understanding of the 8 phase in this
alloy. On the basis of these experimental results, Fe and oxygen had a significant effect on the presence of the 8 phase.
It was found that Fe works as strong g stabilizers and causes a peak in amount of the 8 phase at approximately 1250°C.
We discussed the homogenizing conditions, followed the HIP treatment, to decrease the amount of the 8 phase. As
a result, a heat treatment process has been developed to produce TiAl-Fe-V-B alloy with the duplex structure, which
lead to a tensile strength of 550MPa and elongation of 1.894 at room temperature.
Key words : gamma titanium aluminide ; cast ; heat treatment ; microstructure ; tensile strength ; ductility ; 8 phase.
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Table 1. Effects of heat treatment on room temper-
ature tensile properties.

Property

Heat treatment El (%) Y.S (MPa) U.T.S (MPa)
1. as - HIP : 1300°C / 5h / 200MPa 0.60 500
2. HIP : 1300°C / 5h / 200MPa 1.15 390 535
H.T: 1250°C/20h
C.R: Quench
3. HIP : 1300°C / 5h / 200MPa 130 395 520
H.T:1250°C/20h
CR:100°C/h
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Fig. 1. Fracture surface of TiAl-Fe-V-B alloy.
HIP: 1300°C / 5h / 200MPa + Homogeniz-
ing: 1250°C / 20h (a) Quench (b) CR.:
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Fig. 2. SEM and X-ray images of TiAl-Fe-V-B
alloy.(a) SEM image (b) Al Ka peak (c) Fe
Ka peak (d) V Ka peak (e) B Ka peak
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Fig. 3. Backscattering electron images of TiAl-Fe-
V-B alloy.First annealing : 1300°C / 5h Sec-
ond annealing : (a) none (b} 1250°C / 5h (c)
1200°C / 5h gi) 1150°C / 5h (e) 1100°C / 5h.

1300 :
o 1250 §
2 1200 ]
2 r : 3
§ 1150 § :
E 1080 —_— E
= 2 W As-cast E
1000 W 2h 3
2 0 sh ]
20 g O 20h ]
0.0 2.0 4.0 6.0 8.0 10.0

Volume fraction of § phase [ vol.% ]

Fig. 4. Volume fraction of g phase at elevated tem-
peratures.
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Fig. 5. X-ray diffraction patterns of TiAl-Fe-V-B
alloy after annealing for 2h at: (a) 1320°C
(b) 1300°C and (c) 1150°C.
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Fig. 9. Backscattering glectron images of TiAl-Fe-V-B alloy with varying oxygen contents after annealing.
Annealing : 1300°C / 5h and 1300°C / 15h (a) oxygen content 560ppm. (b% oxygen content 1300ppm.

53




BB 374 $% & $AVol. 84(1998)No.5

550

EO0-0L00-—

500 f

450 &-

P
Db

Stress [MPa}

Yield sfrength 4

350 |

-5 0 5 10 15 20
as-cast  as-HIP

Holding time at 1300 *C after HIP [h)

P J—
20 | 2
_ ) é
— r o) D
s | 5
8
80}
& Tt A
H @ 8
05 ¢ 8
F |
0.0 N I PR B
5 10 15 20

-5 0
as-cast  as-HIP
Holding time at 1300 °C after HIP [h]

Fig. 10. Room temperature tensile properties of TiAl-Fe-V-B alloy as a function of homogenizing time.
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