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Development of High Modulus Steel Based on Thermodynamic Phase Equilibrium between TiB, and Ferrite

Kouji TANAKA, Tadashi OsHIMA and Takashi SAITO

Synopsis : A new TiB,-reinforced steel with an enormously high Young’s modulus has been developed for enabling a leaner design of automobile parts.

This article describes the high modulus steel (HMS) with an emphasis on its microstructure and potential elastic properties based on the as-

sessed phase equilibria in Fe—Cr-Ti—B system.

The concept was to increase the isotropic Young’s modulus by the optimum combination of reinforcing particles and steel matrices, and

thermodynamic considerations strongly supported the most effective contribution of TiB, to this purpose.

Calculated phase diagrams located the narrow two-phase region of ferrite (o) +TiB, along the pseudo-binary system of (Fe—17Cr)-TiB, in

a wide temperature range. The proved phase stability and the small solubility of iron/chromium in TiB, were considered most responsible for

maintaining its own high modulus of 540 GPa in the steel matrix.

In conventional powder metallurgy techniques, TiB, particles were successfully dispersed in the matrix using commercial TiB, powders, or

synthesized through the in-situ reaction of ferro-titanium and ferro-boron powders.

The measured Young’s modulus of the HMS agreed well with the theoretically predicted value, and at 46 vol% TiB,, the specific modulus

reached twice of those of conventional steels owing to its reduced density.
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Table 1. Specific Young’s modulus (£/p) and equilibrium phases with y-Fe of (a) carbides and (b)

borides of IVa, Va, VIa elements.

(a)

E/p Equli. Phase | Solubility
with y-Fe of iron
(GPa) | (1273K, x.=0.2) (at.%)
TiC 92 TiC 25
vC 77 vC 2
NbC 43 NbC 2
CrsC2| 55 Cr23Cs 50
Mo2C| 58 |MozC+FesMosC -
wC 44 WC ~0

x. : atomic fraction of carbon
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(b)

E/p Equil. Phase [ Solubility
with y-Fe of Fe
(GPa) | (1273K, xg=0.2) (at.%)
TiB2 120 TiB2 unknown
VB2 53 VB+Fe2B -
NbB2 91 NbFeB+Fe2B -
CrB2 38 CrzB+FezB -
MozBs| 90 MozFeB2+FezB —
W2Bs 59 WFeB+Fez2B -

x,; : atomic fraction of bobon
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. Microstructures of 20TiB,/Fe—17Cr prepared via
(a) Pre-mix and (b) In-situ methods.
TiB, particles are black. Arrows indicate gray par-
ticles.

Table 2. Results of EPMA analysis on phases in 20TiB,/
Fe—17Cr produced via Pre-mix method.

Cr Ti B Fe Phase
Black Partice 0.9 64 31 3.8 TiB2
Matrix 12 0.8 - Bal. a
Gray Particle 43 14 14 42 -
mass%

1000

® ® TiB:
¥ CriesFeossBo.ss
& Ti203
500 |- ° 2 4 i

Intensity , cps

70

e
Diffraction Angle 26, deg.

40

Fig. 2. Diffraction pattern for extracted residue from
20TiB,/Fe—17Cr prepared via Pre-mix method.
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Table 3. Sublattice model and thermodynamic parameters for phases in Fe-Cr-Ti-B system.

Parameter G

Parameter L

Phase (Structure) Sublattice Model Fe Cr Ti B Fe-Cr Fe-Ti Fe-B Cr-Ti Cr-B Ti-B

Liquid (Fe,Cr,Ti,B) S S/T S/Auk S ST S ST Mur S/T  Luk

o-Fe, Cr, 3-Ti (bce ) (Fe,Cr,Ti,B):(Va)s S ] S S ST S ST Mur ST T

¥Fe(fcc) (Fe,Cr,Ti,B):(Va) S S ST S ST S S UN UN UN S: Solution & substance

g-'(r||q r(:;cnr:t))o ) Egc)e,Cr,Tl,B):(Va) T s 8T ; S S T Mur UN T database (Thermo-Calc®)
! - - - - - - - - - T: Titanium database

Sigma (Fe)s:(Cr)4:(Cr,Fe)is S S - - UN - - - - - (ITheI:noTech)

FeTi (Fe):(Ti) s - - - - - - - - - K H K. Lukas(2)

M2Ti (C14 Laves) (Fe,Cr)2:(Ti) s T - - | w - - - - e

Cr2Ti (C15 Laves) (Cr,Fe).as:(Ti).e4 - Pre - - - - - - - - ure - MU AV(M)

Chi (Feloa:(Crro:(Cr.Fe)s] S 8§ - - N Gia: C. Gianoglio

M:2B (Tetragonal) (Cr,Fe,Ti)2:(B) S Pre Pre - UN UN - UN - - Pre: Present study

M2B (Orthorombic) (Cr,Fe,Ti)2:(B) Pre S Luk - UN UN - UN - ~ UN: Unassessed

MaBs4 (Cr,Ti)3:(B)a - S Luk - - - - UN - -

CrsB3 (Cr,Fe)s:(B)3 Pre S - - UN - - - - -

MB (Orthorombic) (Ti,Fe,Cr):(B) S Pre Luk - UN UN - UN - -

crB (Cr,Fe):(B) Gia S - - UN - - - - -

TiB2 (Hexagonal) (Ti,Cr,Fe):(B)2 Pre S Luk UN UN  Pre - UN - -

CrBa (Cr):(B)s - s - - - - - - - -
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Fig. 3. Calculated phase diagrams of Fe-Cr-Ti-B system with X,./Xz=0.20. (a) isothermal section at 1373K (b) vertical section

at X,=0.17.
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Fig. 4. Microstructures of 20TiB,/Fe—15Cr—4Ti prepared
via (a) Pre-mix and (b) In-situ methods.
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