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ABSTRACT

Although the injection molded Ti alloys show sufficient tensile strength, their fatigue strength was significantly
lower than that of wrought material. In this study, the effect of both additions of molybdenum and boron in
the Ti-6Al-4V compacts on the microstructural refinement and strength was evaluated. The 4Mo-0.4B added
compacts showed fine microstructure and resulted in high tensile strength. However, their fatigue strength was not
improved. The degree of influence of oxygen content, relative density and grain size on the tensile strength was
estimated, and the main factor of improving tensile strength was the grain refinement. Also, the cause that fatigue
strength was not improved was the ratio of the maximum pore diameter to the grain diameter increased due to the
microstructural refinement, so that the crack initiated from large pore.
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Fig. 1 Optical micrograph of injection molded Ti-6Al-4V sintered compact
(a) and schematic of a + 3 lamellar microstructure of a + 3 Ti alloy (b).
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(a) Tensile test specimen
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Fig. 2 SEM micrographs of using powders.
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(b) Fatigue test specimen

Fig. 3 Dimensions of green compacts.
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Fig. 4 Relationships between relative densities and sintering times of
sintered compacts.
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Fig. 5 Optical micrographs of specimen performed water quenching after
sintered. These specimens were sintered at 1350°C for 14.4 ks then
they were quenched in the water from 1050°C for 3.6 ks. The white
dot line indicates prior  grain boundary.

Fig. 6 Optical micrographs of sintered and HIP treated compacts. The
sintering condition of these compacts is set at 1350°C for 14.4 ks
(4 hours).
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Fig. 7 IPF mapping images of sintered and HIP treated compacts measured
by EBSD. Sintering was performed at 1350°C for 14.4 ks (4 hours).
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Fig. 8 Oxygen contents of sintered and HIP treated compacts.
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Fig. 9 Results of tensile test for sintered and HIP treated compacts. The gray
zone shows the region above the standard value of wrought material.
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Fig. 11  Fractographies of Ti64 compact sintered for 14.4 ks (a), 0.4B compact sintered for 14.4 ks (b) and 4Mo-0.4B compact sintered for 28.8 ks (c). The

Ti64 compact was failure by 294 MPa at 6.0 x 10° cycles. The 0.4B compact was failured by 457 MPa at 4.5 x 10° cycles. The 4Mo-0.4B compact
was failure by 439 MPa at 3.8 x 10° cycles.
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Fig. 12 Results of extremal statics of pore diameter.
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Fig. 13 Results of extremal statics of TiB particle diameter.
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Fig. 14 Three-dimensional graph showing the relationship between oxygen
content, relative density and grain diameter with respect to tensile
strength. The curved surface represents the empirical formula (8)
for 100% and 95% relative density.
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Fig. 15 Accumulated bar graph of increment of tensile strength by oxygen
content, relative density and grain diameter. The rectangle plots
show increment of experimental tensile strength.
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Fig. 16 Relationships between fatigue strength and grain diameter. The x-axis was set at inverse of square root of grain diameter (similar to Hall-petch relation).
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Fig. 17 Relationships between the ratio of maximum pore diameter to mean grain diameter and the ratio of fatigue strength compared to that of HIP treated compacts.
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