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Abstract: A fine-grained TiAl alloy with composition of Ti-45A1-5.5(Cr, Nb, B, Ta)(mole fraction, %) was prepared by
double mechanical milling (DMM) and spark plasma sintering (SPS). The effects of sintering temperature on the
microstructure and mechanical properties of the Ti-45A1-5.5(Cr, Nb, B, Ta) were studied by X-ray diffractometry(XRD),
scanning electron microscopy (SEM) and mechanical testing machine. The results show that the morphology of double
mechanical milling powder is regular with sizes of 10—40 um and the internal structure is even. TiAl and Ti3Al are the
main phases in the powders, with few phases such as TizAl, Ti2Al and TiB; observed in the SPS bulk samples of
Ti-45A1-5.5(Cr, Nb, B, Ta) alloy. For samples sintered at 1 000 , the microstructure of equiaxed crystal grain with sizes
less than 500 nm is achieved. For samples sintered at 1 100 , the sizes of few equiaxed crystal grain obviously
increases. The SPS bulk samples exhibit better microstructures. The micro-hardness of the SPS bulk samples at 1 000

is obviously lower than that of the SPS bulk samples at 1 100 . The compression strength and bending strength of the
SPS bulk samples at 1 000  is obviously higher than that of the SPS bulk samples at 1 100 . On the base of analysis
of fractographies, it shows that the compression fracture transformation of the SPS Ti-45A1-5.5(Cr, Nb, B, Ta) alloy at
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1 000 is intergranular rupture and that at 1 100  is intergranular rupture and cleavage fracture. The bending fracture
transformation of the SPS Ti-45A1-5.5(Cr, Nb, B, Ta) alloy samples is intergranular rupture and cleavage fracture.
Key words: TiAl alloy; double mechanical milling; spark plasma sintering (SPS); microstructure; mechanical property
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Fig.l SEM images of double mechanical milling Ti-45Al-

5.5(Cr, Nb, B, Ta) powders (a) and internal structure (b)
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Fig.2 XRD patterns of Ti-45A1-5.5(Cr, Nb, B, Ta) powders

after double mechanical milling
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Fig.3  XRD patterns of Ti-45Al-5.5(Cr, Nb, B, Ta) bulk

samples prepared by SPS at different temperatures: (a) 1 000
(b) 1 100
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Hall-Petch
1 Ti—45Al—5.5(CI’, Nb, B, Ta) 5 Ti-45Al-5.5(Cl‘, Nb, B, Ta)
1 SEM 5 1 000
1 000 1100 1100
705HV 753HV (002) 1723 MPa
1 598 MPa (of) 2104 MPa 6 Ti-45A1-5.5(Cr, Nb, B, Ta)
2067 MPa (BS) 758 MPa SEM 6 Ti-45A1-5.5(Cr, Nb, B, Ta)
723 MPa (en)  4.9% 4.8%
1 000 1100
1 Ti-45A1-5.5(Cr, Nb, B, Ta)
Table 1 Mechanical properties of bulk Ti-45A1-5.5(Cr, Nb, B, Ta) samples prepared by SPS at different temperatures
SPS temperature/ Density/(g-cm™) Micro-hardness, HV 002/MPa oi/MPa et/% BSY/MPa
1 000 4.174 705 1723 2104 4.9 758
1 100 4.178 753 1598 2067 4.8 723

1) BS: Three-point bending strength.
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Fig.5 SEM images of fractures of compressed Ti-45A1-5.5(Cr,
Nb, B, Ta) prepared by SPS; (a) 1 000 ; (b) 1 100
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Fig.6 SEM images of fracture of Ti-45Al1-5.5(Cr, Nb, B, Ta)

bending samples prepared by SPS: (a) 1 000 ; (b) 1 100
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