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ABSTRACT 
 

The two key issues that are menacing the refrigeration and air-conditioning 
sector through out the world is Ozone Depletion and Global Warming.  The CFC 
and HCFC refrigerants used by the conventional vapour compression refrigeration 
deplete ozone layer and HFC refrigerants influences green house effect and 
enhances global warming. Moreover, the energy consumption of air conditioning 
systems is also high influencing on global warming. Thus, in addition to finding 
alternative refrigerants, researchers are exploring new refrigerating technologies.  At 
present there is no single refrigerant available with zero ODP and GWP and it is 
reported that none could be developed or synthesized.  In this scenario, the 
possibility of using an eco-friendly magnetic refrigeration system in room 
temperature is studied in this work. Room temperature magnetic refrigeration 
(RTMR) is a new refrigeration method with great application potential. It has 
advantages such as environmentally safe and high efficiency based on the 
phenomena of magnetocaloric effect (MCE).  An important measure of the MCE is 
the magnetic entropy and is related to the bulk magnetization, and magnetic field 
and temperature.  MCE could be suitably magnified by varying  Magnetic field 
strength (B), Change in magnetic entropy (ΔSm), Bulk magnetization, Change in 
magnetic field (ΔB), Curie temperature of magnetic material, Magnetic phase 
transition properties, Crystallographic transformation, Hysteretic behavior,  etc.. In 
this work the influence of these properties on MCE is studied and it is found that a 
suitable material could be developed by appropriately selecting the above said 
properties that yield the giant magnetocaloric effect (GMCE) that could replace 
traditional vapor compression refrigeration system (VCR) which influence ozone 
depletion and global warming.. 
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Magnetic refrigeration is an environment 
safe refrigeration technology. The magnetic 
refrigeration does not have ozone-depleting 
or greenhouse effects by employing magnetic 
materials as refrigeration media. The 
magnetic refrigeration unit can be compact, 
due to the magnetic entropy density of 
magnetic material which is larger than that of 
refrigerant gas. The magnetic field of 
magnetic refrigeration can be supplied by 
electromagnet, superconductor or permanent 
magnets, which have no need for 
compressors with movable components, 
large rotational speed, mechanical vibration, 
noise, bad stability and short longevity. The 
efficiency of magnetic refrigeration can be 
30–60% of Carnot cycle, whereas the 
efficiency of vapor compression refrigeration 
is only 5–10% of Carnot cycle. Therefore, 
the magnetic refrigeration is expected to 
have great applicable prospects 

Magnetic Refrigeration 
Magnetic refrigeration is generally 

achieved by heat cyclic absorption and 
dissipation in the course of magnetization 
and demagnetization processes by applying 
an external magnetic field or removing it 
from a magnetic substance. Magnetic 
refrigeration processes are theoretically 
analogous to conventional refrigeration ones, 
which are usually accomplished by means of 
cyclic compression and expansion of gaseous 
systems (with or without phase changes). 
Magnetic refrigeration has been known since 
1933, although at first it was only possible at 
very low temperatures (a few degrees above 
absolute zero). Paramagnetic salts of rare 
earth elements were generally used as 
working materials in this temperature range. 
During the first stage of cooling to low 
temperatures, the salt is magnetized by 
external means, followed by adiabatic 
demagnetization of the salt to achieve a 
second stage of cooling and very low 
temperatures. The magnetic field strengths 
applied in these experiments were no higher 

than 2T. Later, the development of 
superconducting magnets, capable of 
producing fields of several tesla, made 
possible the use of magnetic refrigeration up 
to 15–20 K. In such temperature range, 
concentrated rare-earth salts such as 
gadolinium gallium garnet were used. In 
recent years, interest in finding new 
refrigeration techniques has increased due to 
the need of reducing the emission into the 
atmosphere of chlorofluorocarbon 
compounds (CFC’s), Magnetic refrigeration 
can be a real alternative to conventional gas 
refrigeration at temperatures above 40 K, as 
demonstrated by Brown1. Its main obstacle to 
efficient use is finding adequate material. 

Recently, there has been renewed interest 
in designing refrigerators based on the 
magnetocaloric effect working at different 
temperature ranges.  A good magnetic 
refrigerant should present a high entropy 
change at the working temperature of the 
refrigerator device under the application of a 
magnetic field. Above 40 K, paramagnetic 
materials cannot be used because the 
temperature variation involved in the 
magnetization process is small. Magnetic 
refrigeration was restricted to low 
temperatures because the heat capacity of a 
material increases with temperature. Thus, at 
high temperatures, the entropy change 
produced by an external magnetic field on 
paramagnetic materials is not enough to 
obtain a substantial temperature variation. 
The magnetization of a ferromagnetic 
material changes very rapidly near its Curie 
temperature, which means that at this 
temperature a high entropy change is 
produced with a magnetic field variation. 
Most magnetic refrigerators working at room 
temperature are based on gadolinium as 
magnetic refrigerant because its Curie 
temperature is 293 K and it has a high 
magnetic moment per ion. The entropy 
change for gadolinium in an isothermal 
magnetization process is 3.2 J/kg K, close to 
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its Curie point for an applied magnetic field 
strength of 1T, or 22.3 J/kg K for a 7-T 
magnetic field. For a gas, far from its boiling 
point, the entropy change on a molar basis is 
5–25 times greater than that of gadolinium. 
Thus, the entropy change of the gas appears 
to be much larger than magnetic materials.  
However, on a volume basis, the magnetic 
materials are better candidates because their 
density is much larger. Hence, the volumetric 
entropy change is 40–200 times greater than 
that of a gas, based on the uncompressed gas 
volume2.  

Working process of magnetic refrigeration 
and vapour compression refrigeration 

It is found that the ferromagnetic material 
on heating loses the thermal energy and 
becomes cool. This reversible temperature 
change caused by exposing the material to 
changing magnetic field is called adiabatic 
demagnetization. In this process a decrease in 
the strength of external magnetic field by the 
agitation action of thermal energy (photon) 

present in the material. Now if the material is 
isolated so that no energy is allowed to 
migrate into the material during the time (i.e 
adiabatic process). The temperature drops as 
the domain absorbs the thermal energy to 
perform the reorientation. The randomization 
occur at similar fashion to the randomization 
at Curie temperature except the magnetic 
dipole overcome a decreasing external 
magnetic field while energy remains constant 
instead of magnetic domain being disrupted 
from internal ferromagnetism as energy is 
added. 

Thermodynamic cycles 
The cycle is performed as a refrigeration 

cycles, analogous to the Carnot cycles, and 
can be described at a starting point whereby 
the chosen working substance is introduced 
into a magnetic field (i.e. the magnetic flux 
density is increased). The working material is 
the refrigerant, and starts in thermal 
equilibrium with the refrigerated 
environment.

  
Fig. 1 : Comparison of Magnetic refrigeration with that of vapour compression refrigeration. 
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 Adiabatic magnetization : The 
substance is placed in an insulated 
environment. The increasing external 
magnetic field (+H) causes the magnetic 
dipoles of the atoms to align, thereby 
decreasing the material's magnetic 
entropy and heat capacity. Since overall 
energy is not lost and therefore total 
entropy is not reduced (according to 
thermodynamic laws), the net result is 
that the it heats up (T + ΔTad). 

 Isomagnetic enthalpic transfer : This 
added heat can then be removed by a 
fluid or gas - gaseous or liquid  for 
example (-Q). The magnetic field is 
held constant to prevent the dipoles 
from reabsorbing the heat. Once 
sufficiently cooled, the magnetocaloric 
material and the coolant are separated 
(H=0). 

 Adiabatic demagnetization : The 
substance is returned to another 
adiabatic (insulated) condition so the 
total entropy remains constant. 
However, this time the magnetic field is 
decreased, the thermal energy causes 
the magnetic moments to overcome the 
field, and thus the sample cools (i.e. an 
adiabatic temperature change). Energy 
(and entropy) transfers from thermal 
entropy to magnetic entropy (disorder 
of the magnetic dipoles). 

 Isomagnetic entropic transfer : The 
magnetic field is held constant to 
prevent the material from heating back 
up. The material is placed in thermal 
contact with the environment being 
refrigerated. Because the working 
material is cooler than the refrigerated 
environment (by design), heat energy 
migrates into the working material 

Room temperature magnetic refrigeration  
Magnetic refrigeration systems have 

been principally developed and used to 

achieve temperatures in the milli kelvin 
range to investigate the physics of materials 
at low temperatures. These extremely low 
temperatures can be reached by adiabatic 
magnetization and demagnetization 
sequences of a paramagnetic salt. The salt is 
magnetized during the first stage of cooling 
to low temperatures, by external means, 
followed by an adiabatic demagnetization of 
the salt to achieve a second stage of cooling 
and very low temperatures. Magnetic 
refrigeration processes possess inherent 
highentropy changes during reversible 
magnetic ordering and disordering. When an 
external magnetic field is applied to a 
material, the magnetic spins attempt to align 
with the magnetic field, thereby reducing the 
magnetic entropy of the spin system. If the 
process is performed adiabatically, the 
reduction in spin entropy is offset by an 
increase in lattice entropy, and the 
temperature of the specimen will rise. This 
temperature rise is reversible and is known as 
the magnetocaloric effect Thus, the magnetic 
entropy reduction of a ferromagnetic or 
paramagnetic material depend upon adiabatic 
application of a magnetic field which causes 
the lattice entropy to increase where the heat 
capacity of the material is constant at the 
applied magnetic field. Although the change 
in magnetization of paramagnetic salts is 
very small, the low heat capacity of these 
materials at low temperatures produces a 
surprisingly large magnetocaloric effect. In 
low-temperature regions, such as below 
about 15 K, the lattice specific heat of 
magnetic materials becomes small compared 
to the magnetic specific heat, and large 
magnetic entropy change may occur. The 
lattice heat values are negligible so magnetic 
refrigeration can be accomplished in low-
temperature regions using a magnetic 
refrigeration cycle of the reverse Carnot type. 
Paramagnetic substances for instance, 
gadolinium gallium garnet are suitable to be 
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used in magnetic refrigeration in this 
lowtemperature region, especially in the 
region below about 20 K. In higher 
temperature regions, above 77 K, the 
aforementioned lattice-specific heat of the 
magnetic substance generally becomes 
greater than the magnetic specific heat, with 
the result that a reverse Carnot cycle is not 
useful and other cycles, such as Ericsson 
cycle, Brayton cycle, Stirling cycles, and 
active magnetic regenerative cycles, with 
ferromagnetic materials must be used. 
Furthermore, the heat energy of the magnetic 
moment also becomes greater for 
paramagnetic materials at this temperature, 
and thus paramagnetic materials become 
unsuitable refrigerants at these temperatures. 
Two important classes of magnetic 
refrigerants are paramagnetic materials for 
low-temperature (K) systems and ferro-
magnetic materials for higher temperature 
operation. Another new class of materials, 
known as magnetic nanocomposites, has 
been suggested as an alternative refrigerant 
for both high and low temperature regimes 
due to enhanced values. It has also been 
suggested that nano composite magnetic 
refrigerants might enable refrigerators to 
operate at reduce magnetic fields. 

As the core of the magnetic refrigeration, 
several features of magnetic materials are 
required for application. Large total angular 
momentum number  and Lande factor  of 
ferromagnetic material, which are crucial to 
MCE, modest Debye temperature (A high 
Debye temperature makes the fraction of 
lattice entropy small correspondingly in high 
temperature ranges), modest Curie 
temperature in the vicinity of working 
temperature to guarantee that the large 
magnetic entropy change can be obtained in 
the whole temperature range of the cycle, 
essentially zero magnetic hysteresis; small 
specific heat and large thermal conductivity 
to ensure remarkable temperature change and 

rapid heat exchange, large electric resistance 
to avoid the eddy current loss,  and fine 
molding and processing behavior to fabricate 
the magnetic materials satisfactory to the 
magnetic refrigeration3.  

RESULTS AND DISCUSSION 
Gaint magnetocalorific effect 

Warburg first discovered the thermal 
effect of metal iron when applying it in a 
varying magnetic field in 1881. Debye and 
Giauque explained the nature of MCE later 
and suggested achieving an ultra-low 
temperature by adiabatic demagnetization 
cooling. In recent years, magnetic 
refrigeration on the basis of MCE has been 
greatly developed in the room temperature 
range. Whether in the range of room 
temperature or low temperatures, the 
magnitude of MCE of magnetic material is 
the key to cooling capacity. Generally, due to 
their high magnetic moments, heavy-rare-
earth elements and their compounds are 
considered as the best candidate materials for 
finding a large MCE. The highest MCE 
involving a second-order transition known so 
far is produced by the rare earth metal Gd. 
The most important feature of this compound 
is that it undergoes a simultaneous first-order 
structural and magnetic phase transition, 
which leads to this giant magnetic-entropy 
change across its ordering temperature of 
276 K4. 

The Heusler alloys Ni–Mn–Ga also show 
large magnetic-entropy changes that are due 
to an abrupt change of the magnetization 
near the martensite-to-austenite structural 
transition. Most recently, magnetic-entropy 
changes comparable with that in Gd have 
been observed in La(Fe,Co)Al composits and 
LaFeSi compounds, which are 3d-transition-
metal-rich systems.In a recent study, we 
discovered that compounds of the 
MnFeP1_xAsx system exhibit a reversible 
giant magnetic-entropy change with the same 
magnitude as Gd5Si2Ge2. The results show 
that large MCEs are not restricted to 
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materials with very large magnetic moments 
but that, in the vicinity of a phase transition, 
the MCE depends strongly on the type of the 
magnetic phase transition. Therefore, a better 
fundamental understanding of these materials 
and the parameters driving the phase 
transition are of prime importance. It is 
indispensable for further improvement of the 
MCEs in these materials and for exploring 
new materials with large MCEs. As was 
pointed out , the adiabatic temperature 
change will mainly depend on the change of 
the magnetic ordering temperature on the 
application of a magnetic field. A first-order 
transition is always associated with thermal 
or field hysteresis. This hysteresis will result 
in a reduced efficiency of the refrigeration 
cycle as it may be considered as a dead loop. 
This will be especially of importance if one 
wants  to  work  in low magnetic fields. If the  

crystal symmetry is altered in the magnetic 
phase transition, the magnetic state is locked 
in, resulting in the generally observed 
hysteresis. first-order structural transition 
magnetic phase transition, martensite-to-
austenite structural transition.Some Gd-based 
intermetallic compounds have also been 
proved to possess large MCE. Both 
Gd0.74Tb0.26 and Gd0.5Dy0.5  present the MCE 
equivalent to Gd at 280 K and at 265 K, 
respectively. The _Tad values of Gd91.8Dy8.2 

and Gd89.9Er10.1 at a 0.45 T low field are 1.4 
K (at 280 K) and _1.5 K, respectively, 
something lower than that of Gd 2.0 K  . 
Eutectic Gd76Pd24 was found to have two Tad 
peaks of 8.4 K and 9.4 K Value of enthalpy 
and entropy of different magnetic materials 
at curie temperature are given in the  
Table5-13. 

Table 1 : Value of enthalpy and entropy at different magnetic  
material at curie temperature 

 

Magnetic Material Curie 
Temperature(k) Enthalpy (H) Entropy (S) 

            Gd             294               5             10.2 
      Gd0.5Dy0.5             230               5           10.2 
     Gd0.74Tb0.26             280               5           11.5 
       Gd7Pd3             323               5  
Gd5(Si x Ge 1-x)4      x=0.43             247               5            39 
                                    x=0.5             276               5            18.4 
                                    x=0.505             280               5            11.7 
Gd5(Si1.985Ge1.985Ga0.03)2             290               5  
     Ni52.6Mn23.1Ga24.3             300               5            18 
            MnAs             318               5            30 
     MnAs0.9Sb0.1             286               5            30 
     MnFeP0.45As0.55             300               5            18 
      La1xCaxMnO3    x=0.2             230              1.5            5.5 
                                   x=0.33             257               3                  6.4 
                                   x=0.35             255               3            5.2  
                                   x=0.4             263               3            5 
    La0.9K0.1MnO3             283              1.5            1.5 
La0.75Ca0.15Sr0.10MnO3             327              1.5            2.8 
La2/3(Ca,Pb)1/3MnO3             296               7            7.5 
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CONCLUSION  
In conclusion, materials based on 

(Mn,Fe)2 (P,As) are promising candidates as 
working material for room-temperature 
magnetic refrigeration. The broad range of 
accessible working temperatures, the high 
magnetic response in low fields and last but 
not least the low materials cost make it 
feasible to construct, based on these 
materials, a heat-pump not relying on ozone-
depleting gases and working with high 
efficiency. Of the transition-metal-based 
compounds, MnAs shows a giant MCE. It 
undergoes a first-order ferromagnetic to 
paramagnetic transition at 318 K and the 
magnetic entropy change induced by a 5 T 
magnetic field is 30 J kg/ K at a maximum 
value.. However, the magnetic transition is 
accompanied by a large thermal hysteresis. 
To tune the Curie temperature to the range 
below 300 K, substitution of Sb for As can 
tune the Curie temperature between 230 K 
and 315 K without significant reduction of 
change in entropy.  
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