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Experimental verification of a criterion for forming a metastable phase from

3,600,000
LnFe03 Ln: LnFe03 h-LnFe03
Tolerance factor( ) 0.82 Ln Sc
X Lu 0 x 0.5 Yb 0.2 x 0.5 Tm 0.3 x 0.5
Er 0.45 h-LnFe03 Sc Scr  91pm Ln
Lu Yb Tm Er 0.82, 0.82, 0.82, 0.83

multiferroic material
LnFe03(h-LnFe03)

h-LnFe03

In order to verify the hypothesis that the lower limit value of the
tolerance factor TF at which metastable hexagonal LnFe03 (h-LnFe03) is generated in the undercooled
melt of LnFe03 (Ln: rare earth elements) is about 0.82, we performed containerless solidification
experiments using samples in which a part of Ln3+ was substituted by Sc3+. Assuming the substitution

rate as X, the h-LnFe03 phase is frozen only at 0 <x <0.5 at Lu3+, 0.2 <x <0.5 at Yb3+, 0.3 <x <0.5
at Tm3+, and 0.45 at Er3+. When TF is calculated from the average radius of Ln site assuming the
ionic radius of Sc3+ as 91 pm, the lower limit values of TF are 0.82, 0.82, 0.82, 0.83 for Lu3+, Yb3

+, Tm3+ and Er3+, respectively. This result agrees well with the hypothesis

multiferroic material LnFe03 In:
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Fig. 1. Configuration of ions which construct the space group
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2nd recales

time t by ADL taking TmFeO 3 as an example.
and 7 are regarded as nucleation temperature and

liquidus temperature, respectively. The HSV snap
shots are images of the sample at the positions I, I
and III shown in the temperature-time relationship.
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Fig. 4. T and T} as a function of ionic radii of
LnFeO;. Although T, decreases with decreasing

ionic radius in a range from LaFeOs to SmFeOs where

h-LnFeO; is not formed,, T, increases with decreasing
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Fig. 5. T1 and Thue of LnFeOs3-ScFeOs system as a function of mole fraction of ScFeO;. Although 7L
exhibits a minimum at about 0.5, its behavior depends on Ln**: The decrease in T7 is extremely small
in Lu**, but in Yb**, although similar to Lu**, 7% shows a slight increase near mole fraction of 0.2.
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Fig. 6. XRD of as-solidified samples for LuFeO; to DyFeOs
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Fig. 7. LnFeOs-ScFeOs quasi-binary phase diagram formed by overlaying the XRD results on the liquidus diagram
of Fig. 5. The red, green, purple, brown and blue areas are #-LnFeOs single phase, o-LnFeOjs single phase, eutectic
phase between 4-LnFeOs and bixbyite, garnet single phase, and dual phase between garnet and bixbyite,
respectively.
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