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Magnetic materials are everywhere—in engines, wind turbines,
electronic devices and refrigerators—so materials with better magnetic
properties are highly desirable. TU Delft researchers Biswanath Dutta
and Fritz Körmann of the department of Materials Science and
Engineering have revealed a mechanism for improving the magnetic
properties of a relatively new class of multicomponent alloys known as
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HEAs. Their work is published this week in Advanced Functional
Materials.

High-entropy alloys (HEAs) were first proposed about 15 years ago and
since then, have aroused a lot of interest within the materials science
community because of their excellent physical, mechanical and
functional properties e.g. greater strength, promising magnetic properties
, and better resistance to rusting and corrosion. "The focus of this project
was to find new mechanisms with which we could improve the magnetic
properties of an HEA," says Dutta. "And to do this, you have to play
with the chemistry so change the composition of the alloy."

Unlike traditional alloys, which usually consist of one major component
with a small amount of another added element e.g. steel, which is an
alloy of iron mixed with 1% carbon, HEAs consist of five or more
elements in more-or-less equal proportions. In this study, the team
played around with the composition of a FeCoNiMnCu HEA, which
contains iron, cobalt, nickel, manganese and copper. "Our colleagues at
the Max-Planck-Institut für Eisenforschung in Germany heated this
material at a particular fixed temperature for different lengths of time,"
says Dutta. "And they noticed two things: one was that heating the HEA
for 240 hours improved its magnetic properties. And two, that within the
material, the different elements became segregated into different regions
within the alloy."

Using this information, Dutta ran theoretical simulations and was
ultimately able to explain why, after prolonged heating, you get
improved magnetic properties: "Copper doesn't like to make a solid
homogenous mixture with the other elements and so the more you heat
the sample, the more the copper tries to separate out from the other four
elements, leading to different regions with different compositions—for
example, an iron-cobalt rich region and a copper rich region." These
different regions have unequal volumes causing what is known as
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coherency stress between a bigger volume and a smaller one. "And if one
of these regions is particularly important for the magnetic properties, a
volume expansion can improve those magnetic properties."

So in fact there are two mechanisms at work here: one is the formation
of two regions with different chemical compositions—a phenomenon
known technically as spinodal decomposition—and the other factor is
the resulting difference in volume and therefore coherency stress
between the different regions.

With a better understanding of these mechanisms, researchers can begin
to investigate other magnetic HEAs and multicomponent alloys to
determine whether this same behavior occurs causing an improvement in
their magnetic properties. "This concept of trying to improve magnetic
properties through spinodal decomposition is very new," says Dutta,
"And these new mechanisms will help us to find new magnetic material
for potential use in, for example, refrigeration systems based less on
gasses and more on solid-state magnetic materials which will be much
more environmentally friendly."

  More information: Ziyuan Rao et al. Beyond Solid Solution
High‐Entropy Alloys: Tailoring Magnetic Properties via Spinodal
Decomposition, Advanced Functional Materials (2020). DOI:
10.1002/adfm.202007668
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