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Abstract
Our daily need to cooling system is grown up. The used cooling systems 
are the source of the harmful changes in the global climate. And so, we 
need to search a new alternate cooling systems applying environmentally 
friendly technology that may help in  decreasing the pollutions in our world.  
The progress in materials science allows to use some materials for cooling 
purposes. This new class of materials is so called "magnetic refrigerator". 
The basics of magnetic refrigeration depends on the magneto-caloric 
properties to reach low temperatures and obtain cooling system.  
The advantage of magnetic refrigerator (MR); First, the cooling efficiency 
is higher than conventional vapor refrigerator CVM where its cooling 
efficiency ̴ 30-60% while the cooling efficiency in CVM ̴ 5-10%. Second, 
MR can be more compactly built. Third, it is safe and an environmentally 
friendly cooling. In this work, we will highlight on the scientific efforts to 
find optimum properties to be applied as the magnetic refrigeration. In this 
review the highlights of  the scientific efforts to seek for the best alternative 
materials to be used as a magnetic refrigeration applications. The low 
coast and small size of magnetic cooling is one the important advantage. 
This review consists of five sections; I. Introduction, II.Synthesis of  MC 
materials, III. Crystal structure of MC materials and IV. Characterization 
and applications of MC materials, and V. Conclusions.
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Introduction
One of the human goals is getting an environmentally 
friendly technology in order to overcome  the  
pollution probelems. As it is well known, the capacity 
use of the gas  refrigerators (Freon refrigerators) is 
one of the main reason for the harmful changes in 
climate by increasing the Ozone hall. The potential 
success in synthesis a new materials and studying 
theie magnetic properties ebable us to use them  
in the cooling system. Magnetic refrigeration is 
one of the effective cooling technology principally 
depends on the magneto-caloric properties of these 
new materials to reach extremely low temperatures 
comaprable with the conventional refrigerators 
relying on the selected design of the system.1 

These new materials are clean and environmentally 
friendly technology in order to reduce the harmful 
changing in the climate. From technological point 
of view, magnetic refrigeration is clean technology 
that made  scientific revolution in cooling systems 
and on it need to good commercialization. Magnetic 
refrigeration was the first method developed to 
attain the temperature below about 0.3K (this very 
low temperature was found in 3He refrigeration with 
3He vapors).1

Fig.1: Gadolinium alloy inside the magnetic 
field and low temperature output

As a result of application of sufficiently high magnetic 
field on a magnetic material, the reorientation of 
thier magnetic moments are achived. Adiabatic 

application of magnetic field may lead to the 
increase of temperature and with removing this 
field the temperature decreased. The process of 
warming and cooling resulted from the application 
of an external magnetic field or removal it is termed 
as magneto-caloric effect 'MCE'. The basic idea of 
magnetic refrigeration is shown in fig. 1. When we 
apply a magnetic field on magneto-caloric material, 
for example Gadolinium alloy,1-3 thermodynamical 
process is occurred and resulting in the drastic 
decrease in temperature as we will see in details. 

The magnetocaloric effect can be mathematically 
discussed as the following. At constant pressure, 
the magnetic entropy of a ferromagnet (FM) relies 
on both  magnetic field 'H' and temperature'T', and 
the value of entropy is the sum of the lattice (Slat) 
and electronic (Sel) entropies and the magnetic 
entropy(Sm), 

S(T,H) = Sm(T,H) + Slat(T) + Sel(T)	 ...(1)

Two relevant processes are explained to define the 
thermodynamics of the MCE:

According to adiabatic application of magnetic field 
(i.e., the total entropy does change) in a reversible 
process, the magnetic decrease in the entropy 
obtained, but the total entropy remains constat,
 
S(T0,H0) = S(T1,H1)	 ...(2)

This adiabatically increase in temperature can be 
conceptualize as the isentropic difference between 
the S(T,H) functions giving the value of the  MCE for 
the underinvestigation material, 

∆Tad = T1 − T0 .	 ...(3)

According to the isothermal application of  magnetic 
field (Temperature is fixed), the decrease in the  
total entropy achieved as a result to the decrease in 
the magnetic field, and thus the change in entropy 
process is termed as the following

∆Sm = S(T0,H0)−S(T0,H1)	 ...(4)

Change in the adiabatic temperature "∆Tad " and 
change in the isothermal magnetic entropy "∆Sm " 
are peculiar  values of the MCE. They are functions 
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of the following parameters' the initial temperature,T0, 
and the magnetic field variation ∆H = H1−H0. The 
increase of  the field may lead to the increase of 
the magnetic order  and thus occurring, decrease in 
the the magnetic entropy, and ∆Tad (T,∆H) becomes 
positive (rising in temperature) with negative  
∆Sm(T,∆H). In the reverse process, as a result of 
reducing field, a decrease in the magnetic order 
achieved and negative ∆Tad(T,−∆H) appeared with  
positive ∆Sm(T,−∆H), causing the cooling of the under 
investigation material. 

The magnetic entropy∆Sm(T,∆H)  and ∆Tad(T,∆H) are 
mathematical description of MCE process as shown 
by the following equations (5) and (6)4-5

 
∆SM(T,H) = SM \(T,H) − SM(T, 0) = 
	 ...(5)

It is quite clear that the change in the magnetic 
entropy depends on the derivative of magnetization 
with respect to temperature at certain magnetic field 
and on the variation in the magnetic field.  According 
to the following thermodynamic relation,5 we obtain 
an expression that characterises the magnetocaloric 
effect, the infinitesimal adiabatic temperature 
change,

	 ...(6)

Valuable information about the behaviour of the 
MCE in materials can be obtained from analysis of 
Eqs. 5 and 6:

At constant magnetic f ield, a decrease in 
magnetization of paramagnets (PM) and simple 
ferromagnetic FM materials achieved with increasing 
temperature. In Ferromagnetic materials, maximum 
value for the derivative of magnetisation with respect 
to temperature is achieved at Tc and from the other 
side ∆Tad(T,∆H) shows a peak when ∆H tends to 
zero.6 ∆SM can be approximated by measuring 
magnetization as a function of temperature at certain 
magnetic field according to the following relation7:

∆SM = 	 ...(7)    

where Mi and Mi+1 are the magnetization values 
measured at temperature Ti and Ti+1, respectively, in 
the presense of certain magnetic field H. Based on the 
above mentioned equations, one can say1 applying 
a large magnetic field with a small heat capacity 
as well as with a large change in magnetization 
vs temperature, at a constant magnetic field. 
Thermodynamically, magnetic refrigeration cycle is 
similar to the Carnot refrigeration cycle, where the 
magnetic refrigerator cycle depends on the increases 
and the decreases in the magnetic field instead of the 
increases and the decreases in the pressure in which 
the Carnot refrigerator cycle depends.1 Comparison 
between magnetic refrigeration and conventional 
refrigeration cycle is very important to evaluate the 
magnetic refrigeration and understand how magnetic 
refrigerator work. As it is shown in schematic diagram 
in Fig.2, there is a similarity between conventional 
and magnetic refrigeration cycle.1

Fig. 2: Conventional vapor refrigeration cycler  and magnetic refrigeration cycle
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In adiabatic magnetization, a magneto-caloric 
material is placed in an insulated environment, 
then, as a result of increasing an external magnetic 
field (+H) the magnetic moments are aligned in the 
direction which leads to increasing in the material 
temperature and decreasing in the magnetic entropy 
and heat capacity of substance. The total entropy 
does not change because there is no loss in energy 
and so heating up is observed (T + ∆Tad). 

For the conventional vapor refrigerator CVR cycle 
the gas is compressed by applying pressure P 
and similarly there is no loss in energy and so 
heating up is observed (T + ∆Tad). In isomagnetic 
enthalpic transfer: we can remove the generated 
heat somehow. Prohibiting the reabsorption of  heat 
by the dipoles, we keep magnetic field constant 

and once cooling is enough attained we separate  
the magneto-caloric substance and the coolant. 
In adiabatic demagnetization: The total entropy 
remains constant as a result to return to another 
adiabatic (insulated) condition. However, in this stage 
the decrease in the field is obtained, the thermal 
energy leads to magnetic moments to overcome 
the field, and hence cooling occur, i.e., change in 
the adiabatic temperature. Energy transfers from 
thermal entropy to magnetic entropy (as shown in 
Fig.2, disorder of the magnetic dipoles is appeared). 
Based on the isomagnetic entropic transfer: We 
keep magnetic field fixed to prohibit the warming 
up again. Because of the difference in temperature 
according to our design, heat energy emigrate into 
the magnetocaloric material (+Q).

How to evaluate the relative cooling power RCP 
is an important parametre and is an indication 
to the resulting magnetic cooling efficiency8 

of the magneto-caloric  material and it can be  
simply considered as the magnitude of ∆SM or 
∆Tad multiplied by the full-width at half maximum 
(δTFWHM).3-9 ∆SM, ∆Tad and δTFWHM are shown in Fig. 3 
where the change in entropy is plotted as a function 
of temperature. The change in entropy could be 
deduced using equation 3 from magnetization – 
temperature dependent measurements. On the 
time being the conventional vapor compression 
refrigerators are used for cooling applications; such 
as refrigerators and air conditioners AC. However, 

the compressing / expanding processes efficiency 
is low in the conventional gases  and costs for 25% 
of housing applications and 15% of commercial 
power consumption.8 In the conventional vapor 
compression refrigerators, the application of different 
gases for instance, chlorofluorocarbons (CFCs) and 
hydrochlorofluorocarbons (HCFCs) is dangerous 
because they damage our environment. Alternatively, 
searching a new cooling system is crucial task to 
keep our environment safe and clean so that the 
progess in magnetic cooling based on MCE is of 
the great interest.10 Now, the question is why MR is 
promising task for cooling technology.  The answer is 
given in the Phan section in ref.8 as following;

Fig. 3: Magnetic entropy dependence on temperature8
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First, important task is the efficiency of the cooling 
in such MR is higher than CVR where the attainable 
efficiency is in the range of 30-60% while the cooling 
efficiency in CVM according to a Carnot cycle is 
only 5-10%. Second advantage of the MR is the 
compactness where solid substances are used as 
working materials and thus they do not occupy big 
place. Third, the materials used in MR are not toxic 
or harmful where no global-warming gases are 
produced in the process of cooling and therefore 
they are considered as an environmentally friendly 
cooling systems. Our main goals in the present 
proposal are introducing advanced and cheap 
materials with enhanced properties for cooling 
systems and developing a new generation of 
refrigerators and cooling systems environmentally 
friend to keep our environmental clean and safe. 

In this review we highlight the scientific efforts to 
find the best alternative materials to be used in 
magnetic refrigeration applications; for example, 
Gd-Si-Ge alloys11 Ni–Mn–Ga alloys,12 Mn–As–Sb 
alloys,13 La–Fe–Co–S alloys,14 Mn–Fe–P–As alloys,15 
TmGa compound,16 Praseodymium alloyed with 
nickel (PrNi5),17 La–Ca–Sr–Mn–O manganites  
(3d-4f oxides).18 This review is consists of three 
sections; I. Synthesis of MC materials, II. Crystal 
structure of MC materials and III. Characterization 
and applications of MC materials.

Synthesis of Mc Materials
The MC alloys were prepared using common Arc 
melting method. Stoichiomrtric starting materials 
is placed in water cooled crucible and the firing is 
held under the argon atmosphere. The purity of all 
the initial materials is in the range of 99.9%. The 
initial materials with the proper stiochiomertic ratio 
are sealed in quartz tube after filling it with high 
purity argon gas. The melting process is repeated 
several times with shaking the crucible in order to 
obtain good homogenous alloy.19 The CeSi ingot 
was synthesized by Wang et al.,20 using arc melting 
method with the proper stoichiometric precursors 
(Ce and Si) on a water-cooled copper crucible 
in the presence of argon gas atmosphere. The 
selected purity for the intial metals in this work are 
higher than 99.9. Milting the sample for several 
times is important to ensure homogeneity of CeSi.  
The annealing temperature was 1223 K for  
7 weeks.20 Md Din et al.,21 prepared the polycrystalline 

alloy NdMn1.7Cr0.3Si2 using arc melting in the 
presence of Argon gas followed by annealing for  
1 week in an evacuated quartz tube at temperature 
of  900 °C. 

Polycrystalline DyCuSi alloy was prepared in ref.,22 by 
arc melting technique in the presence of Argon gas. 
On similar way, we can warp the obtained ingots by 
molybdenum foil to be sealed in evacuated quartz 
tube. The annealing temperature was 850°C for  
1 week and with liquid nitrogen quenching temperature. 
The same method was used to prepare  Er1-xTbx.Co2 
alloys (x=0.8 and 1) using arc furnace melting in the 
presence of an argon gas, see ref.,.23 The alloys 
were then fired at 800°C in high vacuum quartz 
tube for 1 week. 3d-4f oxides (rare earth–transition 
metal oxides) of perovskite like structure have  
magneto-caloric property and could be used for 
MR. There are different methods for synthesis 
of such oxides for example; solid state reaction, 
coprecipi tat ion method, sol. gel. method, 
hydro-thermal method, microwave radiation 
method. According to work reported by Phan 
et al.,24 La0.65Sr0.35MnO3, La0.6Sr0.2Ca0.2MnO3, 
La0.6Sr0.2Ba0.2MnO3 and La0.7Ca0.06Ba0.24MnO3 
compounds were prepared by the standard solid-
state method from a proper stoichiometric pure 
oxides of La, Sr, Ca, Ba, and Mn and calcinated in 
furnace at 1250°C temperature for 16 h and followed 
by regrinding and pressing the powder  in pellet form 
and finally sintering at 1350°C for 18 h.  

Zhong25 used modified sol–gel method in preparation 
of the polycrystalline La0.67Ba0.33MnO3-δ with 
perovskites-like structure. In their work, they 
dissolved proper amounts of La2O3, BaCO3, and 
Mn(NO3)2 in dilute HNO3 solution at 333 K. Then, 
they added the equivalent amount of citric acid 
with some ethylene glycol to generate a completely 
homogeneous transparent solution. This solution 
was heated at 333K until forming viscous solution 
and raising temperature of heating (443 K) to 
generate a gel. This formed gel was fired at higher 
temperature of 873K for 5 h to remove the organic 
precursor and forming the required compound. The 
obtained powder wsa grinded and calcinated in air at 
1473K for 10 h and coolel down in furnace cooling. 
This material was finally fired in the presence of 
oxygen gas at 1073K for 8 h to give the required 
La0.67Ba0.33MnO3. Different annealing conditions were 
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performed at 1023–1223K in N2 atmosphere in order 
to get different oxygen stoichiometry. 

In Ref.,26 Cherif et al., used sol gel method to prepare 
pure and homogenous La1.4(Sr1−xBax)1.6Mn2O7  
(0 < x < 0.6). Suitable stoichiometric amounts of  
pure oxides of La, Sr, Ba, and Mn  dissolved in nitric 
acid  and the obtained solution added to citric acid 
with the proper molar ratio's adding some ethylene 
glycol to get complete homogenous transparent 
solution. The solution was heated and brown gel was 
appeared. The formed gel was dried at temperature 
of 300°C, and to remove the organic matters this 
heating process follwed by another heating at  
600°C. The regrinding of the obtained black powder 
was done and cold pressed at 5 kbar to be finally 
sintered at 1000°C for 24 h. The sol–gel method is 
applied in ref28 to prepare both of the La0.8Sr0.2MnO3 
and Nd1-xSrxMnO3 polycrystalline manganite 
and they studied the influence of calcination 
temperature on the grain sizes of nanocrystalline 
sample which was found to be in the rage from 23 
up to 63nm, respectively. The (La0.7Sr0.3)0.9Mn1.1O3 
nanoparticles are synthesized by Dyakonov et al.,29 
using coprecipitation method and thermally treated 
at different temperatures (800, 900, and 950°C). 
La1−xCaxMnO3 (x=0.33 and 0.28) powders were 
synthesized by both co- precipitation and sol–gel 
methods.30 Ohayaona reported, in ref.,31 that they 
used a novel method to prepare nanoparticles 
of perovskite La0.7Ca0.11Sr0.19MnO3 based on the 
microwave radiation in the presence of the argon gas 
in a nonaqueous solvent of benzyl alcohol. 

Influence of Dy addition to Co–Zn nanocrystalline 
spinel ferrite on the structural and magnetic 
properties was investigated by Urcia-Romero  
et al.,32 that may open the door for the possible 
magnetocaloric use of these spinel structure. 
Dy-doped nanocrystalline cobalt-zinc ferrite  
Co0.7Zn0.3Fe2O4 have been prepared using  
co-precipitation method. The modified approach 
allows controlling the crystalline nano-size of ferrite 
crystal, which enable the controle in thier magnetic 
properties. Furthermore different spinels are studied 
for example chromite spinels (MCr2O4, where  
M = Co, Mn, and Ni) of homogeneous crystallinty  
hydrothermally prepared by reaction of different 
nitrates; Ni, Co, Mn nitrate as well as chromium 
nitrate, and sodium hydroxide in proper ratio's to 

attain pH in the range of 10.5-11.5 at  temperature 
between 180-200°C for 11-13 h as shown in ref.,33

Structure of Mc Materials
According to Wang,20 CeSi alloy is crystalline in 
a single phase of orthorhombic crystal system of  
FeB-type structure. They formed with the space 
group NO. 62 (pnma) in corresponding to what 
is reported before.34,35 The determined lattice 
parameters a, b and c from X-ray diffraction XRD 
are 8.305, 3.966 and 5.963 Å, respectively,34,35 From 
XRD measurements performed in ref,23 the Rietveld 
analysis of DyCuSi showed that the formation of 
hexagonal single phase of Ni2In-type structure with 
P63/mmc space group. The lattice parameters of 
DyCuSi are found to be a=4.136 (5) and c=7.3953 

Å. The measured x-ray diffraction patterns at room 
temperature of the Mn1.35Fe0.65P1-xSix compounds are 
shown in ref.34and from XRD pattern the hexagonal 
Fe2P-type structure is indexed with the P–62m 
space group. It is quite clear that the position of the 
manganese atoms inside the unit cell is in 3g sites 
while the iron atoms is in the 3f sites, on the other 
hand both of  the P and Si atoms have randomly 
postions of the 1b and 2c sites. All the lattice 
parameters are listed in ref.34 for all concentrations x. 

The TbCo2 and Er0.2 Tb0.8Co2 alloys have cubic 
MgCu2 type crystal structure as shown in ref..22 
Gadolinium crystal structure is hexagonal  
close-packed (hcp) of space group of P63/mmc 
(S.G No 194) with cell parameters: a = 3.636 Å,  
b= 3.636 Å, c = 5.7826 Å, α =90.000°, β = 90.000°, 
γ =120.000°.35

Fig. 4: Crystal structure of Gadolinium35
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Eu0.65 Sr0.35 Mn1-xFexO3 has the orthorhombic crystal 
structure, where A-site cations (Sr/Eu) ccupy 4c 
Wyckoff position (x, y, 0.25) and B-site cations 
(Mn/Fe) occupy 4b Wyckoff position (0.5, 0.0, 0.0). 
Oxygen atoms O1 and O2 in this structure occupy 4c 
and 4d Wyckoff positions, respectively.36 Zhong et 
al.,25 measured XRD for La0.67Ba0.33MnO3-δ material 
which showed cubic perovskite structure in addition 
to the effect of the oxygen stoichiometry and its role 
in the lattice parameters. They observed that there 
is difference in the lattice parameters as a result 
of the deficiency of oxygen in La0.67Ba0.33MnO3-δ 
and it becomes larger than the stoichiometric 
La0.67Ba0.33MnO3. When δ increases, the lattice 
parameter a increase monotonously from a = 3:892 
Å (δ=0) to a = 3:909 Å, respectively. Sm0.6Sr0.4MnO3 is 
formed in the orthorhombic crystal system with space 
group Pnma as reported by I. A. Abdel-Latif et al.,37-38 
The tilt angle of oxygen atoms in this compound 
plays important role in CMR magnetoresistance 
property.

perovskite-like structure.39 There is a possibility 
that these materials crystallize with the hexagonal 
structure of space group P63cm when with relatively 
smaller ionic radius and the hexagonal phase is 
stable. Further attention originted from unusual 
magnetic order of these hexagonal manganites 
where Mn ions are in trivalent states with S = 2 and 
they are surrounded by Oxygen atoms, forming 
triangular bipyramids. This hexagonal manganites 
have both ferroelectric and antiferromagnetic 
properties in the same time. The (La0.7Sr0.3)0.9Mn1.1O3 

nanoparticles are crystallized in the rhombohedral 
distortion form of perovskite-like structure of the 
(R3¯c) space group.40

Characterization and Application of MC Materials
Cubic inter-metallic RCo2 compounds (where R 
is rare earth element) are exchange-enhanced 
Pauli paramagnet with a first-order metal-magnetic 
transition with application of magnetic field  above a 
critical value observed in ErCo2 at Tc = 32 K.41 The 
second-order transition was observed in TbCo2 at  
Tc =227 K.41 The results of investigation of magneto-
caloric effect in the polycrystalline Er1_xTbxCo2  
(x = 1 and 0.8) are favorable and comparable with  
other magnetic materials with huge magneto-caloric 
effect of expensive and difficult to prepare them. The 
addition of Er to Er1_xTbxCo2 alloy does not affect the 
magnetocaloric potential, but affect the displacement 
of the magnetic transition temperature depending on 
the concentration of Er.42 Gd alloys; GdDy, GdTb, etc. 
are of the most promising candidates that show a 
large entropy change  so we can say gadolinium and 
its alloys are the optimium  materials up till now  for 
the magnetic cooling use near room temperature.43

The adiabatic temperature in Gd is 3.6 K at an applied 
field equals to 1 T and with a Curie temperature 
of 293 K.44 The effect of the As concentration 
in MnFeP1-xAsx system showed a wonderful  
dependence of magnetic properties on the crystal 
structures.43 The crystal structure of As contents  
(x < 0.15), is orthorhombic while the tetragonal  
Fe2As-type structure is settled at higher concentration 
of As (x > 0.66) and these concentration represent 
nonmagnetic phase.45 Crystal structure transition to 
hexagonal Fe2P-type structure is observed in the 
region 0.15 ≤ x ≤ 0.66. In the ferromagnetic ordering, 
the magnetic moments of magnetic atoms, such 
as  Mn and Fe, are in the same direction. The Mn 

Fig . 5:Crystal structure representation of 
Sm0.6Sr0.4MnO3

38

As it is well-known, the rare earth manganese oxides 
RyA1-yMO3 crystallize either with cubic, orthorhombic, 
rhombohedral or hexagonal crystal system of the 
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ions have the divalent states and the Fe ions have 
a mixture of the trivalent and the divalent states. As 
reported in ref.,46 the fundamental components of 
magnetic cooling are the magnetic field generator 
and the magneto-caloric material and in this paper 
a new and original magnetic cooling technique 
depends on a simple principle of magnetism called 
the Halbach effect is described. The design and 
modeling presented in this work have been achieved 
based on the finite elements method. The first-order 
transition in heavy rare earth metals Dy, Tb, Er and 
Dy0.5Tb0.5 alloys and in Fe0.49Rh0.51 and Gd5Si1.7Ge2.3 

is studied in ref..46 Some calculation of MCE such 
as (exchange, magnetoelastic, anisotropic and 
magnetic energy) were done and compared with 
the experimental data.47 Peltier sensor calorimetry 

was used to measure the entropy dependence on 
the magnetic field S(Ha,T) in ref..48 The experimental 
setups were given in details by Basso.49 The heat 
flux qs is formed as a result either of a temperature 
change (temperature scan experiments) or of a 
magnetic field change (isothermal experiments) 
and thus one can get specific heat according to the 
relation ;

	 ...(7)

The curves of the isothermal measurements 
were carried out under constant field to deduce 
the shift in vertical entropy.48 Specific heat of 
LaFe11.384Mn0.356Si1.26-H1.52 were measured using 
Peltier calorimetry, as shown in Fig.6.

Fig. 6: Specific heat of LaFe11.384Mn0.356Si1.26-H1.52b
48

The ferromagnetic perovskite manganites are 
presented as a new class of magnetocaloric 
materials according to Dhahri et al.,50 They studied 
in details in ref50 the Nature of these materials in 
terms of their magnetocaloric properties and the 
obtained results are discussed systematically. The 
room temperature magnetic refrigeration is one of 
the particular interests for energy saving and clean 
environmental concerns.51 Materials for magnetic 
cooling use depend on the magneto caloric effect; the 
adiabatically change of temperature of an isolated 
system as a result of  the difference in the magnetic 
field.52 To design new magnetic cooling system, 

a great efforts have been achieved searching the 
so effective magneto refrigerant candidates for 
expanding the working temperature range towards 
high temperature or room temperature.53-56 For 
La0.6Ca0.4MnO3 in ref.,57 magnetocaloric effect has 
been investigated and they found ΔSM= 5.15 J 
kg−1 K−1 @ H= 3 T which is about 80% of that of 
pure gadolinium metal.58 Practically, this promising 
result is important because it clear that manganites 
of perovskites structure is good candidates for 
magnetic cooling applications. The deficiency of 
oxygen plays an important role in the magnetocaloric 
effect in polycrystalline perovskites La2/3Ba1/3MnO3-δ 
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according to Zhong et al.,59 where they prepared 
these material by a modified sol–gel technique. The 
studied Curie temperatures and magnetocaloric 
effect show the Curie temperature dependence on  
the oxygen stoichiometry. The maximum change in 
magnetic entropy of La2/3Ba1/3MnO3 upon 10 kOe 
applied field was given to be ΔSM = 2.7 JKg-1 K-1. 
The characteristic data of several typical magnetic 
materials for magnetic refrigeration use, shown in 

table 1, are given as example for typical progress in 
this application, where it is quite clear that there is 
achived resonable progress. Different La manganites 
compared with other coumpounds. From this 
comparison looking at the magnetic entropy and the 
critical temperature one  can say there are great and 
continuous efforts objected to get large (reasonable) 
magnetic entropy near room temperature.

Different chemical formula are suggested to obtain 
large magnetic entropy change (ΔSM~2.26 JKg-1 
K-1) at Tc=354K in La0.6Sr0.2Ba0.2MnO3 by Mahn-
Huong Phan et al.,72 in 0 up to 10KOe magnetic 
field range. According to  N. H. Luong et al.,73  
a large magnetocaloric effect in perovskites  
(La1-xNdx)0.7Sr0.3MnO3 at room temperature was 
found. On the other side, magnetocaloric effect 
found by Chen et al.,74 in Nd doped perovskite  
La0.7- xNdxBa0.3MnO3 polycrystalline near room 
temperature was discuused. Contiouns efforts 
still is going on and  large magnetic entropy ΔSM 
was reported in ref.,73 for investigated manganese 
perovskites near 300K. The manganese perovskites 
in this work75 showed large magnetic entropy changes 
derived by comparable low magnetic field difference 
and this open the door for the household use of 

active magnetic refrigerant (AMR) materials. The 
intensive caloric effect and the difference between 
relative cooling powers (RCP) of La0.7Pb0.3MnO3 and 
0.85(La0.7Pb0.3MnO3)–0.15(PbTiO3) composites are 
compared. They reported that there is an intrinsic 
pressure in promoting caloric efficiency in such 
compouns due to the elastic coupling founded 
between the grains.76-77

In term of magnetocaloric materials, the mixed 
valance manganite perovskites78 could be applied 
as a magnetic cooling devices. The significant 
large magnetocaloric effect appeared and its 
relation with the isothermal field-induced entropy 
change beyond the spin-multiplicity limit influence 
on  some indistinctness regarding the applicability 
of fundamental thermodynamics. This reflect the 

Table 1: Typical characterstics and magnetic parameters of magnetic cooling materials

Sample	 Tc (K)	 -ΔSmax (JKg-1 K-1)	 ΔH (T)	 Reference of data
			   	
ErFe0.5Mn0.5O3	 9	 13.5	 7	 Ref60

La0.8Ca0.2MnO3	 230	 5.5	 1.5	 Ref61

La0.67Ca0.33MnO3	 267	 6.4	 3	 Ref62

La0.6Ca0.4MnO3	 263	 5	 3	 Ref63

La0.67Sr0.33Mn0.95V0.05O3	 326	 1.44	 1	 64

La0.6Pr0.1Sr0.3Mn0.9Fe0.1O3	 205	 1.15	 2	 65

La0.8Ba0.1Ca0.1Mn0.85 Co0.15O3	 212	 2.27	 5	 66

La0.65Ca0.35Mn0.9Ti0.1 O3	 103	 1.3	 3	 Ref
La0.67Sr0.33Mn0.9Cr0.1 O3	 328	 5	 5	 Ref67

La0.87Sr0.13MnO3	 197	 7.5	 8	 Ref8

La0.84Sr0.16MnO3	 244	 7.9	 8	 Ref8

Gd	 294	 4.2	 1.5	 Ref61

Gd0.73Dy0.27	 265	 10	 5	 Ref68

Gd5(Si2Ge2)	 276	 14	 2	 Ref69

Gd5(Si2Ge2)	 300	 7	 5	 Ref69

Fe-Cr-Mn	 843	 0.37	 2	 Ref70

Nd5Si4	 75	 8.3	 5	 Ref71
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importance of the subject undertalking and we 
found great number of research in the literature 
devoted to this field of work. Those misleading 
explanation concerning, for example, the difficulty 
of phenomenological thermodynamics are reported 
by Mukherjee et al.,79 They showed that the Maxwell 
relation combine contributions from the following 
parameters; spin degrees of freedom and potential 
lattice degrees of freedom and their effect on the 
isothermal entropy change. Ising spins and pairs 
of exchange –coupled are studied on the base of 
minimalist model. The lattice degree of freedom 
is motivated by applied magnetic fields that allow 
the integrated Maxwell relation include this lattice 
contribution. Simply we can express realtion for the 

isothermal entropy change affected by application 
of manetic field to activiate the lattice degree of 
freedom. The electrocaloric effects occure with the 
transition from the  ferroelectric to paraelectric state 
are discussed in details in ref80 within the Landau–
Devonshire theory. In this work they found that the 
change from just changing the first-order phase 
transition into the second-order phase transition 
decreases the following parameters the isothermal 
entropy change ΔSM as well as the adiabatic 
temperature change ΔTad and refrigerant capacity 
δM. The second-order transition isothermal entropy 
change is reduced to one half of the first-order one, 
which experimently proved and is in good agreement 
with the magnetocaloric counterpart. 

Fig. 7. (a) A block of Pr0.65Sr0.35MnO3 (b) Oxide plates with their dimensions after cutting79

(a) (b)

Fig.8: (a) Isothermal entropy change ΔSM in a 1 T field difference of the under-investigation 
compounds of LaFeCoSi,  (b) LaFeCoSi regenerator with four different compounds82

(b)(a)

Understanding the heat transfer, which occur 
in the regenerator and the contribution of the 
intr insic proper ties of the magneto-calor ic 

material will help us to improve the efficiency of 
an active magnetic regenerative system.81 Legait  
et al ., compared and tested three different oxide and 
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alloy compounds; (Pr0.65Sr0.35MnO3, La(FeCo)13-xSix, 
and gadolinium) applying magnetic field using  a 
permanent magnet. They concluded that even with 
a low δTad, the perovskite oxide Pr0.65Sr0.35MnO3 can 
show significant results and they founded efficiency 
of the layered regenerator is better than the single 
layer. Moreover, a great temperature span at high 
frequency is obtained for high thermal conductivity 
material. The shape of sample they used in this work 
and isothermal entropy change ΔSM, in a 1 T field, of  
LaFeCoSi  are shown in Fig. 7 and Fig. 8.

Looking at the recent research one can found that 
there is ongoing work on developing new materials 
that are both cost effective and operate in the 
temperature range of normal refrigeration. A giant 
MCE  magnetocaloric effect found as a result to the 
deficiency of sodium in a lanthanum manganites  
polycrystalline is recently reported by Wali et al.,82 
where they reported that there is possibity for  tunning 
the temperature near room temperature according to 
the amount of  deficiency of sodium in the compound. 
The most important results in this work are that the 
transition from FM into PM is in term of the  second-
order phase transition and occurred at the Curie 
temperature (Tc), which decreased from 335 to 260 
K when the increasing of the sodium deficiency rate. 
The change in the magnetic entropy raised from 2.38 
J kg−1 K−1 to 3.48 J kg−1 K−1 by applying 2 T  magnetic 
field and by inceasing concentation x from 0.00 to 
0.15. Comparing the values obtained by  Wali et 
al.,82 and the values reported before underlines the 
advantages of using the suggested oxide material 
for magnetic cooling application. 

Magnetic propeteies, specific heat charcterstics 
and magnetocaloric effect investigations achived 
by Kalipada Das, et al.,83 for Ln0.5Ca0.5MnO3  
(Ln=Gd, Dy) rare earth calcium manganites. They 
found that the fairly large isothermal magnetic 
entropy change at low temperature that may be 
interpreted in terms of the effect of the magnetic rare-
earth precursor ions. The impact of the disorder oon 
the magnetocaloric effect in Ti doped manganites 
was investigated by El. Kossi et al.,84 where they 
found that the magnetic entropy change strongly 
depends on the Ti concentration. The most promising 
results are observed by I. A. Abdel-Latif et al.,85 
where the Nd 0.6 Sr 0.4 MnO3 nanocomposites showed 
MR of 99.84% at room temperature that enable us 

to industially apply these materials for magnetic 
devices fabrication. 

Theoretical calculations will help us to design 
new materials with desired properties. Spin-dimer 
systems are rich applicable systems for quantum 
phase transitions studies tunned by magnetic 
field. According to the study of Straßel.86 There is 
possibility to It is possible to notice the shift from 
the characteristic scale closed to the critical points 
to the behavior of a definite-temperature phase 
transition. They studied two-dimensional coupled 
spin-dimer systems. Moreover, they used the the 
magnetization dependence temperature descriping 
the magnetocaloric effect to define the accurate 
critical field. Gharsallah et al., studied the magneto 
caloric effect for La0.6Sr0.4MnO3 and La0.6Ca0.4MnO3 
using theoretical calculations87 which showed large 
and tunable suggesting their possible applications in 
moderate magnetic field and near room temperature.

M. A. Hamad88 has invented a phenomenological 
model to simulate the dependence of the 
magnetization upon the variation in temperature for the 
magnetocaloric materials, such as, La0.6Ca0.33MnO3,

89 
La0.6Ca0.33MnO3,

88 La0.75Ca0.25MnO3.
91 According to  

I. A. Abdel-Latif et al.,92-93 the calculated ground 
state of magnetization value in Eu0.65Sr0.35FexMn1-

xO3 and its decrease as a result of the Fe-doping 
increase which may be attributed to the increase in 
the spin-down with the increase in the Fe-doping. E. 
P. Nobrega et al.,.94 discussed the magnetocaloric 
effect in metallic Gadolinium using Hamiltonian 
4f-spins model and considered the 4f spin-spin 
interaction based on the mean field approximation 
as well as the Monte Carlo simulation. Their 
calculation showed that reasonable results for the 
magnetocaloric potentials ΔSM and ΔTad according to 
the mean field approximation but somehow there is 
failure in interpretation of the experimental specific 
heat data at the magnetic ordering temperature. 
Also Monte Calro method was used95 to calculate 
the magnetocaloric effect of the second order 
the magnetic phase transition in Gd5(SixGe1−x)4 
for x>0.5 compounds. They showed the good 
agreement between the experimental isothermal 
entropy change and the experimental adiabatic 
temperature change upon magnetic field variations 
and their theoretical calculaions. The Potts-like 
model (Monte Carlo method) is used to define the 
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magnetic  and magnetocaloric properties in  Gd1xCx 
(with x= 0.25 0, 0.025, 0.06, 0.09) alloy. [96]. The 
decrease in  the magnetization at low temperature 
was found but on the other hand FM – PM phase 
transition temperature increases, as a result of  the 
increase in  the C-atom concentration in the system. 
The isothermal magnetic entropy variation and the 
refrigerant capacity in binary alloy is comparable 
higher than in pure Gd material. It is quite clear 
that still great interest and effort that are devoted 
to studying the magnetocaloric effect in order to 
develop clean, cheap and environmentally friend 
refrigerator technology. The main challenges in the 
current magnetic cooling is that more efficient cooling 
system needs high magnetic field which is out of use 
in the industrial scale and very low temperature. So 
this work is a try Much more efforts were carried 
out to develop magnetic refrigerator materials with 
reasonable conditions for environmentally friend 
refrigeration based on the success observed 
in the of our recent works85 and.82-83 Recently, 
Pramanick et al.,97 observed multiple magnetic 
transition points as well as large magnetocaloric 
effect and magnetoresistance at room temperature 
in Nickel FM alloy(Ni2.048Mn1.312In0.64). Tetranuclear 
rare earth (RE) complexes [RE4(acac)4L6(μ3-OH)2]  
(HL = 5-(4-fluorobenzylidene)-8-hydroxylquinoline; 
acac = acetylacetonate; RE = Y (1), Eu (2), Gd (3), Tb 
(4), Dy (5), Tm (6) and Lu (7)) have been introduced 
in ref.,98 and the found magnetocaloric effect (MCE) 
was ΔSM(T) = 20.8 J kg−1 K−1 for complex 3 where 
R.E. is Gd. According to Makni-Chakroun et al., 99  the 
shift in maximum magnetic entropy change was  one 
percent higher than of both calcium and lanthanum 
deficiencies in La0.7Ca0.3MnO3 (LCMO) while the 
reduce in both the relative cooling power (RCP) and 
the full-width at half-maximum values were observed. 
Local magnetic behavior across the first order phase 
transition in magnetocaloric compound; LaFeCoSi 
was studied using magneto optical imaging 
technique.100 The size and shape of the sample as 
well as the structural defects or micro-cracks are 
very important parameters. Large magnetocaloric 
effect in single crystal form of the RFeO3 (R = Tb or 
Tm) was observed  in ref101 by the rotation occurred 
in the magnetization with strong magneto crystalline 
anisotropy. The charge distribution difference of 
4f-electrons between Tb3+ and Tm3+ ions may lead 
to the different signs field entropy rotatation;  −ΔSM 
= 17.42 J kg−1 K−1, and –ΔSM = −9.01 J kg−1 K−1 @ 9 

K and 17 K in the field difference 50 kOe for TbFeO3 
and TmFeO3 single crystals, respectively from b 
axis to c axis.102 Furthermore, in ref.102 Nd0.6Sr0.4Mnx 
Co1-xO3 nanocomposites experiencing different 
strength magnetic fields were studied where,  the  the 
temperature dependence of the magnetic entropy 
change was found. The highest negative magnetic 
entropy value (6.46 J/kg K) was represented 
around Curie temperature for the sample of x=0.7 
moreover, with comparable RCP (333.16 J.Kg-1 
at 3T and 3007.14 Jkg-1 at 9 T). These results are 
promising and showed how pregress is achived in 
these materials. 

According to Felhi et el.,103 the magnetocaloric 
effect was found in the spinel ferrites oxides such 
as Zn0.7Ni0.3-xCuxFe2O4 prepared using the sol-gel 
technique. They found that monotonically decreasing  
in Curie temperature TC from 327k as a result of the 
partial substitution of Ni. The obtained magnetic 
entropy change values at 2 T ; ∆SMmax for x = 0,  
0.1 and x =0.2 were 0.67, 0.64 and 0.62 J/kgK, 
respectively,  and the obtained relative cooling power 
(RCP) were 111, 117 and 124 J/kg, respectively 
at the same magnetic field. According to RCP 
values they found, one can say these materials are 
promising candidates for magnetic refirigration use.

Large magnetocaloric effect in YbPt2Sn as well as the 
adiabatic demagnetization refrigeration was reported 
by Jang et al.,104 where they found the weak magnetic 
coupling occurred between Yb atoms, that may 
lead to preventing them from ordering in very low 
temperature above 0.25 K. This may leave enough 
entropy free for use in adiabatic demagnetization 
cooling. This large capacity in the volumetric entropy 
in  YbPt2Sn compound is enough for a good to 
obtain considerable cooling power.101 Recently,  
it is reported103 in details about two successive  
first-order transitions in Mn1-xFexNiGe alloys; 
including a martensitic transition (MT) and an 
antiferromagnetic-ferromagnetic (AFM-FM) 
transition. The first-order magnetoelastic Nature was 
clear, according to the Arrott plot. On the other hand, 
the performances of Mn1-xFexNiGe in this work as 
magnetocaloric and negative thermal expansion 
materials were studied where the impressive value 
of  isothermal entropy change  reached −25.8 J/kg 
K @ 203 K for x = 0.11 comparing with the other two 
compounds. The observed giant negative thermal 
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expansion and near-zero thermal expansion for 
different temperature ranges were found in the  
Fe-doped samples.105 A series of the Gd5.1Si2Ge2−xBx 
alloys synthesized by Xue-ling HOU, et al.,106 based 
on the arc melting method in purified argon gas 
and they described the influence of boron addition 
on the magnetocaloric effect. The results showed 
a small amount of B does not change monoclinic 
structure of  the Gd5Si2Ge2 composite with superior 
magnetocaloric effect.  The maximum change in the 
magnetic entropy (|∆SM|) of x=0.01 sample was 
found to be 13.7 J/(kg•K) in 1.5 T magnetic field and 
at 288 K. Comparing with table 1 one can note that 
is promising materials for magnetic refrigeration.

Conclusions
•	 It is clear that theoretical and experimental 

efforts are going to develop new materials for 
magnetic refrigeration applications as green 
and friendly environmentally technology to 
reduce the pollution. 

•	 The achieved scientific efforts to find optimum 
and promising properties for the magnetic 
refrigeration application are great and there 
are reasonable progress because of the 
promising results achieved in this field.

•	 The magnetic refrigerator has higher cooling 
efficiency than conventional vapor refrigerator 
CVM where its cooling efficiency ~30-60% 
while the cooling efficiency in CVM ~5-10% 
and this open the door for powerful materials 
for clean and safe refirigration use. 

•	 The low coast and small size of magnetic 
cooling is one the important advantage. 

•	 Large magnetic entropy changes derived by 
comparable low magnetic field difference may 
open the door for the household use of active 
magnetic refrigerant (AMR) materials
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