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A NEW ALLOY DEVELOPED CAN ACT AS
ALTERNATIVE MAGNETIC REFRIGERANT FOR
MINIMIZING GREENHOUSE GAS EMISSIONS

Relevant for: Science & Technology | Topic: Indigenization of technology and developing new technology

Researchers have found a new alloy that can act as an effective magnetic refrigerant that can
be an alternative cooling agent for minimizing greenhouse gas emissions and meet the global
demand for higher energy efficiency for tackling global warming.

Magnetic refrigeration offers an energy-efficient and environment-friendly cooling technology as
an alternative to the vapor-cycle refrigeration technology in use today. Hence efforts are on to
fabricate magnetic refrigerators for household, industrial, and technological applications.

Magnetic cooling effect (MCE) is defined as the reversible temperature change of a magnetic
material when it is subjected to an external applied magnetic field. In the magnetic refrigeration
cycle, a magnetic field is applied on the magnetic material under an adiabatic process (no
exchange of heat with the surrounding). Initially randomly oriented magnetic moments get
aligned along the external magnetic field, resulting in the heating of the magnetic material. This
heat is transferred from the material to the ambience. When the magnetic field is removed
during adiabatic demagnetization, the magnetic moments of the material become randomized,
resulting in a decrease in temperature below the ambient temperature. This process causes the
material to absorb heat from the surrounding heat-transfer medium.

 

Fig 1. Schematic representation of magnetic refrigeration cycle from the internet

 

Current research is focused on developing new magnetic materials such as refrigerants.  Three
critical criteria need to be fulfilled. First, the material must be capable of operating for millions of
cycles without any fatigue and failure, the material must have high thermal conductivity and the
material should respond to external magnetic field of about 2 T (Tesla) which can be generated
by permanent magnets.
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Since most of the materials developed so far show giant magneto caloric effect (GMCE) only at
fields as high as 5 T, there is an urgent need to look for materials in which GMCE is achieved in
lower fields.

A team S.N. Bose National Centre for Basic Sciences, an autonomous institute of the
department of science and Technology (DST) experimented with a certain type of alloys called
all-transition metal based Heusler alloys (magnetic intermetallics with face-centered cubic
crystal structure) in their search for material exhibiting giant reversible MCE.

Fig 2. Four FCC lattices of full-Heusler Ni(Co)-Mn-Ti Heusler alloy

 

The team at S.N. Bose Centre has chosen Ni (Co)-Mn-Ti Heusler system because such systems
often exhibit multifunctional properties with ultrahigh mechanical stability because of their
intrinsic d-d hybridization.

In their study published in the journal Physical Review Materials they have found giant reversible
MCE and magneto resistance (MR) in bulk Ni35Co15Mn34.5xCuxTi15.5 (x = 1, 2, and 3) under an
applied magnetic field of 5 T and 7 T.  Scientists have shown that Cu doping in the Mn site pulls
the magnetic transition towards structural transitions and therefore the distance between them
decreases. This is because Cu strengthens the metallic character of the Ni–Ti bond and at the
same time weakens the magnetic Mn–Mn exchange interaction.

Polycrystalline samples of Ni35Co15Mn34.5xCuxTi15.5 (x = 1, 2, and 3) were prepared by arc
melting technique. To ensure compositional homogenization, the samples were re-melted five to
six times on each side. The melted ingots were wrapped with tantalum foil and sealed in an
evacuated quartz tube. The samples were annealed at 1323 K for four days and quenched in ice
water. The actual compositions of the samples were verified by energy dispersive x-ray.

Authors claimed from the temperature and field-dependent magnetization measurements that
this investigated alloy yields giant reversible MCE parameters.

Change of fundamental ordering of spins and consequently the crystal and magnetic structure
resulted in a significant change in the electrical resistance.
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Fig 3: A statistical graphic of the overall results of the present work.  The left section

shows the maximum entropy changes for H = 5 T versus peak temperature for different
families of magnetocaloric materials.

 

The researchers claim that the obtained magnitude of reversible MCE and MR is the highest
reported value so far in the all-d-metal Heusler family. The concurrent observation of refrigerant
capacity and MR is also very rare in Heusler alloys. The search for the right kind of magnetic
material has yielded positive results at the S.N. Bose Centre Lab. The synergistic combinations
of giant MCE and MR by proper tailoring of Cu-doped Heusler alloys may lead to a diverse
range of solid state-based technological applications.

Publication link: 10.1103/PhysRevMaterials.7.084406
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Researchers have found a new alloy that can act as an effective magnetic refrigerant that can
be an alternative cooling agent for minimizing greenhouse gas emissions and meet the global
demand for higher energy efficiency for tackling global warming.

Magnetic refrigeration offers an energy-efficient and environment-friendly cooling technology as
an alternative to the vapor-cycle refrigeration technology in use today. Hence efforts are on to
fabricate magnetic refrigerators for household, industrial, and technological applications.

Magnetic cooling effect (MCE) is defined as the reversible temperature change of a magnetic
material when it is subjected to an external applied magnetic field. In the magnetic refrigeration
cycle, a magnetic field is applied on the magnetic material under an adiabatic process (no
exchange of heat with the surrounding). Initially randomly oriented magnetic moments get
aligned along the external magnetic field, resulting in the heating of the magnetic material. This
heat is transferred from the material to the ambience. When the magnetic field is removed
during adiabatic demagnetization, the magnetic moments of the material become randomized,
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resulting in a decrease in temperature below the ambient temperature. This process causes the
material to absorb heat from the surrounding heat-transfer medium.

 

Fig 1. Schematic representation of magnetic refrigeration cycle from the internet

 

Current research is focused on developing new magnetic materials such as refrigerants.  Three
critical criteria need to be fulfilled. First, the material must be capable of operating for millions of
cycles without any fatigue and failure, the material must have high thermal conductivity and the
material should respond to external magnetic field of about 2 T (Tesla) which can be generated
by permanent magnets.

Since most of the materials developed so far show giant magneto caloric effect (GMCE) only at
fields as high as 5 T, there is an urgent need to look for materials in which GMCE is achieved in
lower fields.

A team S.N. Bose National Centre for Basic Sciences, an autonomous institute of the
department of science and Technology (DST) experimented with a certain type of alloys called
all-transition metal based Heusler alloys (magnetic intermetallics with face-centered cubic
crystal structure) in their search for material exhibiting giant reversible MCE.

Fig 2. Four FCC lattices of full-Heusler Ni(Co)-Mn-Ti Heusler alloy
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The team at S.N. Bose Centre has chosen Ni (Co)-Mn-Ti Heusler system because such systems
often exhibit multifunctional properties with ultrahigh mechanical stability because of their
intrinsic d-d hybridization.

In their study published in the journal Physical Review Materials they have found giant reversible
MCE and magneto resistance (MR) in bulk Ni35Co15Mn34.5xCuxTi15.5 (x = 1, 2, and 3) under an
applied magnetic field of 5 T and 7 T.  Scientists have shown that Cu doping in the Mn site pulls
the magnetic transition towards structural transitions and therefore the distance between them
decreases. This is because Cu strengthens the metallic character of the Ni–Ti bond and at the
same time weakens the magnetic Mn–Mn exchange interaction.

Polycrystalline samples of Ni35Co15Mn34.5xCuxTi15.5 (x = 1, 2, and 3) were prepared by arc
melting technique. To ensure compositional homogenization, the samples were re-melted five to
six times on each side. The melted ingots were wrapped with tantalum foil and sealed in an
evacuated quartz tube. The samples were annealed at 1323 K for four days and quenched in ice
water. The actual compositions of the samples were verified by energy dispersive x-ray.

Authors claimed from the temperature and field-dependent magnetization measurements that
this investigated alloy yields giant reversible MCE parameters.

Change of fundamental ordering of spins and consequently the crystal and magnetic structure
resulted in a significant change in the electrical resistance.

 

Fig 3: A statistical graphic of the overall results of the present work.  The left section
shows the maximum entropy changes for H = 5 T versus peak temperature for different

families of magnetocaloric materials.

 

The researchers claim that the obtained magnitude of reversible MCE and MR is the highest
reported value so far in the all-d-metal Heusler family. The concurrent observation of refrigerant
capacity and MR is also very rare in Heusler alloys. The search for the right kind of magnetic
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material has yielded positive results at the S.N. Bose Centre Lab. The synergistic combinations
of giant MCE and MR by proper tailoring of Cu-doped Heusler alloys may lead to a diverse
range of solid state-based technological applications.

Publication link: 10.1103/PhysRevMaterials.7.084406
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