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Neutron diffraction studies reveal that the first-order paramagnetic (PM) to ferromagnetic (FM) transition in (Mn,Fe)2(P,Si)-type compounds is strongly coupled with discontinuous changes in the unit-cell dimensions[1,2]. Recent theoretical studies [3,4] on MnFeP0.75Si0.25 reveal that the high-T PM phase may transform to a metastable low-T antiferromagnetic (AFM) phase before further converting to a FM phase. However, the AFM-FM transition can be kinetically arrested, which causes a coexistence of AFM and FM phases at low temperatures. 
In the present work, we investigated the kinetic-arrest induced phase coexistence and metastability in (Mn,Fe)2(P,Si)-type compounds. The coexistence of FM and AFM phases at a temperature lower than the TC is observed in Mn1.30Fe0.65P0.67Si0.33 by Mössbauer spectroscopy, X-ray powder diffraction with in-situ applied magnetic field and magnetometry measurements. In-situ X-ray powder diffraction at low temperatures clearly shows the increase of FM fraction at the expense of AFM fraction with the increase of applied magnetic field. Magnetization relaxation at low temperatures provides further evidence of the metastability of AFM phase. We also find that the kinetic-arrest behavior can be observed  in a variety of hexagonal (Mn,Fe)2(P,Si)-type compounds with certain structural parameters. This work will provide further insights into the magnetostructural coupling in the (Mn,Fe)2(P,Si)-type magnetocaloric compounds and help to extend the generality of kinetic arrest in first-order phase transition magnetic systems.
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