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Development of High Performance Titanium Matrix Composite

Takashi Saito, Tadahiko Furuta
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Abstract

The purpose of the present study is to obtain a new high-performance titanium alloy matrix composite by a
newly developed low cost blended elemental (BE) powder metallurgy process. TiB particle has been verified
to be an ideal dispersoid for the titanium alloy matrix composite from its thermodynamical stability,
interfacial matching and fatigue crack growing behavior. More than 99% dense compact of several titanium
alloy matrix composites with TiB particle dispersion was obtained by the developed BE process. This
process involves a slight kneading treatment of titanium sponge-fines during mixing with master alloy
powders, which is followed by cold compacting to the near-net-shape and sintering in a vacuum. The
developed low cost titanium alloy matrix composite is superior in tensile strength, fatigue strength, heat
resistance, elastic modulus and wear resistance.
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Fig. 1

Microstructures of Ti-6Al-4V alloy obtained by conventional BE methods.

(a) SPF as-sintered, (b) HDH as-sintered and (c) HDH sinter-HIPed.
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Table 1 Chemica analysisfor titanium powders (mass%).

Titanium powder O Cl Na Mg Fe Ti

Hunter SPF 011 008 0078 -- 002 99.6
Kroll HDH 0.19 <0.002 --- <0.0010.029 99.8
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Fig. 2  Comparison of SEM morphology of (a) the
HDH and (b) the SPF titanium powders.
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Fig. 3  Inclusion particles extracted from the SPF
titanium powder.
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Fig. 4  Comparison of tapped, compacted and sintered
densities of conventional BE Ti-6Al-4V dloy
with raw titanium powder.
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Fig. 5 Changesin sintered density of the BE Ti-6Al-

4V aloy with particle sizes of titanium (HDH)
and master-alloy (Al-40%V) powders.
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Fig. 6 SEM morphology of the kneading treated SPF

titanium powder.
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Fig. 7 Microstructure of the new BE ( powder
treated ) Ti-6Al-4V aloy obtained by using

the SPF titanium powder.

Fig. 8  Microstructure of the new BE ( powder
treated ) Ti-6Al-4V aloy obtained by using

the HDH titanium powder.

Fig. 9

Change in microstructure of the new BE
(HDH) Ti-6Al-4V aloy by addition of
0.2%NaCl powder.
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Table 2 Comparison table of impurity-diffusivity
for several [3-stabilizing elementsin -
titanium at 1173K, normalized by the self-
diffusivity of titanium.

Elements Ni Co Fe Mn Cr Ti V Nb Mo

Diffusivity 56 42 18 49 18 1 07 06 0.2

Fig. 10 Microstructure of the new BE (HDH)
Ti-6Al-4V-1Mo dloy.

Fig. 11 Microstructure of the new BE (SPF)
Ti-6Al-4V-1M0-0.2B dlloy.
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Table 3 Comparison table of mechanical properties of BE titanium alloy with making conditions.

Samol Titanium Powder AlV Sintered Maximum  Tensile El Alloy
P'®  powder treat. powder density  poresize  strength ong. composition
A SPF none 40um 96.5% 150um 840MPa 3.7% Ti-6Al-4V
B HDH none 40 97.0 60 870 14.5 Ti-6Al-4V
C SPF none 99.1 100 923 6.3 Ti-6Al-4V
D SPF kneaded 99.2 20 922 15.0 Ti-6Al-4V
E HDH none 40 100.0(HIP)  ---- 945 17.0 Ti-6Al-4V
F SPF kneaded 9 99.5 10 1010 125 Ti-6Al-4V-1Mo-0.2B
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Fig. 12 Comparison of SN curves of BE Ti-6Al-4V
aloysfor severa conditionslisted in Table 3.
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Fig. 13 Equilibrium phase diagram of Titanium-Boron
binary system.
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Table 4 Selection of the reinforcement particle for BE titanium alloy.

e (STR T TR g et Evaton
TiB 28.0(GPa) 550(GPa) 86x10°K™ < 0.1 (at%) ~1.0 (at%) Excellent
TiC 24.7 460 74 18 15.0 Passable
sic 25.5 394 40 [unstablein Ti alloy] Failure
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*Linear expansion coefficient of Ti is9x10°K ™
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Fig. 17 Changein sintered density of the new BE

TiB/Ti-6Al-4v MM C with volume percent
of TiB particles.
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Fig. 20 Results of pin-on-disk type wear test on
TiB/Ti-6Al-4V MMC, indicating change in
wear losses of pin (MMC) and mated disk
(JI'S $45C) with TiB content.
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the devel oped MM Cs with the conventional
21-4N heat resistant steel at 1073K.
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Fig. 23 Comparison of S-N curvesfor the
conventional BE (SPF), the new BE (SPF)
and sinter-HIPed BE (HDH) Ti-6Al-4V aloy
and the new BE 10vol.%TiB MMC.
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Fig. 24 SEM fractographs of fatigue fracture surface,
showing origins of fatigue crack initiationsin
(a) Ti-6Al-4V matrix aloy and (b) 10vol.%
TiB/Ti-6Al-4V MMC.
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Fig. 25 Fatigue crack propagation behavior in the new
BE 10vol.%TiB/Ti-6Al-4V MMC.
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Fig. 26 Tria products of the new BE Ti-6Al-4V aloy
(left) and the devel oped 10vol .%TiB/Ti-6Al-
4V MMC (right).
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