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Effect of Spatial Distribution of TiCp on Tensile Properties of Sintered Ti-TiCp
Takashi OKI, Hideaki KURAMOTO, Kohshi SHIMIZU, Kazuhiro MATSUGI*, and Osamu YANAGISAWA *

The composites of the different dispersion state were prepared from the titanium powder and the TiC with the
different particle sizes. The effect of the difference of spatial distribution of the TiC particles on the tensile
properties and the behavior of TiC particles' breaking in the tensile deformation process have been quantitatively
investigated. In the tensile deformation, TiC particles begin to break just after the yielding of the material. Finally
the connection of cumulated cracks of particles brings the propagation of a main crack and fracture of the
composite material. The material of which the spatial distribution of the second phase particles is close to random
distribution has larger tensile strength and tensile ductility than the material of stronger clustering tendency. The
reason for this is that the destruction of TiC particles in the materials of stronger clustering tendency is more
frequent from the initial stage of the deformation, because they have more regions of larger local volume fraction
and larger local particle density. The tendency, showing that the particles in the clustered regions are easy to be

broken, was explained from the result of the elastic-plastic analysis by finite element method.
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Table 1 Volume fraction of powders in the mixture(vol%)

Sample Titanium TiC Sample Titanium TiC
TTC1,5~8 90(H1) 10(TC1) || TTC13 | 61.4(H3)+28.6(A2) | 10(TC3)
TTC2 61.4(H1)+28.6(A1) | 10(TC1) || TTC14 | 45.6(H3)+44.4(A2) | 10(TC3)
TTC3 45.6(H1)+44.4(A1) | 10(TC1) || TTC15 90(H3) 10(TC4)
TTC4 40(H1)+50(A1) 10(TC1) || TTC16 | 28.6(H2)+61.4(H3) | 10(TC4)
TTCY 90(H3) 10(TC2) || TTC17 | 44.4(H2)+45.6(H3) | 10(TC4)

TTC10 | 61.4(H3)+28.6(A2) | 10(TC2) || TTCI18 | 61.4(H3)+28.6(A2) | 10(TC4)
TTC11 | 45.6(H3)+44.4(A2) | 10(TC2) || TTC19 50(H2)+40(H3) 10(TC4)
TTCI12 90(H3) 10(TC3) || TTC20 | 45.6(H3)+44.4(A2) | 10(TC4)
H1:Hydride-dehydride Ti powder, d<150 um, TC1: TiC powder, d=45~75 um
H2:Hydride-dehydride Ti powder, d=75~150 um, TC2: TiC powder, d=38~45 um
H3:Hydride-dehydride Ti powder, d<45 ym, TC3: TiC powder, d=26~38 um
Al: Atomized Ti powder, d=425~500 um, TC4: TiC powder, d<26 um

A2: Atomized Ti powder, d=150~250 um
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Fig. 1 Simulation model with cell size L and particle radius r.
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Fig 3 Cumulative frequency distribution of (a)local area fraction (LAF) and
(b)2-dimensional local centroid number (LCN2D) for the different spatial distributions.
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Fig. 4 Relation between local area fraction(LAF) and 2-dimensional local
centroid number (LCN2D)of TiCp for the different spatial distributions.
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Fig. 6 Effect of average local volume fraction (LVF)ay and average
interparticle distance A on (a)ultimate tensile strength and (b)elongation

of Ti-10vol%TiCp composites.

Fig. 7 Scanning electron microscope image of Ti-10vol

%TiCp composites.
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Fig. 8 Effect of nominal strain on nominal stress and
fraction of broken TiCp in tensile deformation.
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and (c)size(dy;c) of broken particles in tensile deformation.
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Fig. 11 Contour plot of the tensile stress in z direction(c;) in (a), (c)
OFJG plane and (b), (d) the particle surface. Point O, A, B, C, F, G
and J are correspond to those in Fig. 1, respectively. Note : d/1=0.6,
r/L=0.6 for (a) and (b), d/2=0.85, r/L=0.6 for (c¢) and (d), €2=0.01
where 7 and L are defined in Fig. 1, d and 7 are particle diameter and

mean particle distance respectively.
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Fig. 12 Effect of (a)particle size r and (b)tensile strain &, on
maximum tensile stress of z direction 6, in A-B and C regions, where

d and 4 are particle diameter and mean particle distance respectively.
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