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TiB,-particle-reinforced high modulus steel (HMS) has
been developed for designing high-performance automobile
engine parts. Thermodynamic assessments of the Fe-X-Ti-
B system revealed the direct equilibrium between TiB, and
C-freeiron-based matrices, and strongly supported the most
effective contribution of TiB, particles to improving the
isotropic Young's modulus. The stable region for the
optimum phase combination of (a + TiB,) or (y+ a + TiB,)
has been determined with the effect of impurities inevitably
mixed in practical P/M process.

The P/IM process of HM S employed the In-situ synthesis
reaction between ferro-Ti and ferro-B powders resulting in
submicron-size TiB, particles.

Due to the alloy design with the above thermodynamic

aspect, the relationship between particles fraction and
Young's modulus of the HM S was in good agreement with
the theoretically predicted value. And it demonstrates the
achievement of high modulus surpassing even those of
conventional hard steelsincluding a high fraction of carbide
particles.

The main raw powder for the HM S matrix has currently
been a commercial low-alloyed steel powder considering its
wide availability and low cost. Depending on the
application, the high strength HM S is prepared by blending
Cu powder that enhances the matrix by precipitation
hardening. This article introduces the HM S with respect to
the on-going development of tailored material as well asthe
concepts, alloy design, and microstructure/properties.

Lightweight, Rigidity, Modulus of elagticity, Young's modulus, Particle-reinforced composite, Thermodynamic calculation,
eyworas Phase equilibrium, Powder metallurgy
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Table 1 Young's modulus, specific modulus, and the stable
phases detected in sintered samples of iron powder
and carbides/borides of Group 40 6 elements.

E Elp Stable Phase Sol. Fe
GPa GPa | (1473K, as-sintered) at%
TiC 451 92 (Ti, Fe)C 01
VC 421 77 (V, Fe)sC, o5
NbC 338 45 (Nb, Fe)¢Cs ? o2
CrsC, 372 55 (Cr, F€)3Cq ? 23
Mo,C 533 58 FE;Mo0,C 43
WV 696 44 (W, Fe)CIFe;W,C | 0 6/0 40
TiB, 550 120 TiB, 01
VB, 268 53 (Fe, V);B, ? 37
NbB, 637 91 NbFeB 34
CrsB, 211 38 (Fe, Cr);B ? 59
MoBs | 671 90 Mo,FeB, 25
W,B5 774 59 WFeB 50
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Fig. 3  BSE images for microstructures of (a) 20TiB,/Fe-
10Cr-4Ti prepared in In-situ method, (b)

20TiB,/Fe-15Cr-4Ti in Pre-mix method.
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