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Neutron scattering studies on (Mn,Fe)2(P,Si)-type
magnetocaloric materials
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Magnetic refrigeration has been considered to be themost promising technology to replace vapor-compression
for near room-temperature refrigeration applications. Magnetic refrigeration is based on the magnetocaloric
effect (MCE). The MCE is a phenomenon, in which a temperature change is caused by exposure of a magnetic
material to a changing magnetic field. The cooling efficiency of magnetic refrigeration systems can reach up
to 60% of the theoretical limit, compared to about 45% in the best gas-compression refrigerators [1-2]. Mag-
netic cooling systems operate with less noises and use water-based coolants instead of ozone depleting or
greenhouse gases, which makes it an environmentally friendly technology.

(Mn,Fe)2(P,Si)-type compounds are, to date, the most promising materials for such applications due to the
combination of outstanding magnetocaloric properties and lowmaterial cost. The giant MCE in (Mn,Fe)2(P,Si)
compounds originates from a magneto-elastic transition, i.e., the ferromagnetic-parameter (FM-PM) magnetic
transition is strongly coupled to a structure change without a symmetry change [3-4].

Due to the strong magnetoelastic coupling in the (Mn,Fe)2(P,Si) compounds, the phase transition can be tuned
by changing the Mn/Fe ratio and P/Si ratio, as well as by doping with light atoms [3-5]. Neutron diffraction
is a well-suited tool to reveal the structural origin for the tunability of the phase transition, since it has the
capability of distinguishing Mn from Fe and P from Si atoms, as well as detecting light atoms.

Our recent neutron diffraction experiments found that in contrast to the common PM-FM phase transition,
an intermediate spin-density-wave (SDW) phase is observed for some compositions. The SDW-FM transition
is accompanied by a significant increase in the Fe moment and a slight change in the Mn moment. This ex-
perimental finding fosters the strong magnetoelastic coupling and Fe moment instability in the (Mn,Fe)2(P,Si)
system.

Additionally, we performed xyz neutron polarization analysis in the PM regime of the (Mn,Fe)2(P,Si) com-
pound. The unambiguous separation of the magnetic scattering cross section from the nuclear and spin-
incoherent contributions allows us to characterize the spatial correlations of magnetic spins in the PM state.
The combination of neutron polarization analysis and muon-spin relaxation experiments provides us a better
understanding of the magnetic correlations in the PM state of (Mn,Fe)2(P,Si) compounds, on both the length-
and time-scales.
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