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Magnetocaloric effect. Physics and applications 

H. SZYMCZAK*, R. SZYMCZAK 

Institute of Physics, Polish Academy of Sciences, Warszawa 02-668, Poland 

The principles of magnetic cooling and the magnetocaloric properties of various magnetic com-
pounds have been presented with a special focus on materials with giant and colossal magnetocaloric 
parameters. The magnetocaloric properties of manganites and cobaltites have been considered. The max-
imum entropy change in polycrystalline La0.7Ca0.3MnO3 for the field of 2 T reaches 8 J·kg–1·K–1, exceed-
ing that of gadolinium. It is suggested that the manganites with superior magnetocaloric properties and 
low material costs are attractive magnetic refrigerator materials for technical applications. 
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1. Introduction 

The magnetocaloric effect is characterized by an adiabatic change in temperature 
T (or an isothermal change in entropy, ΔS) arising from the application of external 
magnetic field H. Recently, one can note an increased interest in this more than 100-year 
old phenomenon (see review papers [1–7]). The magnetocaloric effect arises due to the 
presence of two energy reservoirs in magnetic materials: one with phonon and the 
other with magnon excitations. These two reservoirs are coupled by the spin-lattice (in 
other words – magnetoelastic) interactions. An external magnetic field affects the spin 
degrees of freedom resulting in heating or cooling of magnetic materials. This simple 
description of the magnetocaloric effect indicates that the highest change in tempera-
ture is expected for strongly magnetostrictive magnetic materials. The magnetocaloric 
effect increases with increase of the applied magnetic field and with the change of 
magnetization M(T,H) during application of magnetic field. This means that the effect 
reaches its maximum in the vicinity of magnetic phase transition points. 

The magnetocaloric effect in various magnetic materials, summarized in the men-
tioned review papers, will be briefly considered. The present review will be primarily 
concerned with the recent results of the magnetocaloric studies of manganites and 
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cobaltites. The possibility of use of these materials in magnetic refrigerators will also 
be discussed. 

2. Giant and colossal magnetocaloric effects 

During isothermal magnetization processes, the total magnetic entropy change ΔSH 
of the magnetic system due to the application of a magnetic field H is given by [5, 6]: 
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The adiabatic temperature change ΔTad(T,H) can be determined using the experi-
mentally measured heat capacity C(T,H): 
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Since M
H

∂
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 has its maximum at the transition point, a large magnetocaloric effect 

is expected near the transition temperature. It is exceedingly high (“giant” or “colos-
sal”) for the first order phase transition. The upper limit for the molar magnetic entro-
py variation is given by the magnetic contribution [4, 5]: 
 ( )maxΔ ln 2 1MS R J= +  (3) 

where R is the gas constant and J is the total angular momentum of the magnetic ion. 
Though the magnetocaloric effect was first discovered in iron [7], research on 

practical application of this phenomenon has been for years concentrated on gadoli-
nium rare earth metal with a large |ΔSH| parameter (5 J·kg–1·K–1 for ΔH= 2 T) at room 
temperature. Unfortunately, this material is very expensive. Therefore, numerous ex-
perimental studies have been focused on the search for new magnetic materials that 
are cheaper but exhibit magnetocaloric effect larger than Gd. In 1997, a giant magne-
tocaloric effect was discovered in Gd2Si2Ge2 [8], a compound with |ΔSH| considerably 
higher (27 J·kg–1·K–1 for ΔH = 2 T) than that in Gd. This material exhibits a first order 
magnetic transition coupled to a martensitic-like, displacive structural transition from 
an orthorhombic to a monoclinic phase [9]. 

Another important type of magnetocaloric materials are MnAs based compounds. 
The base material MnAs undergoes a combined structural and ferro-paramagnetic 
transition of the first order with |ΔSH|= 32 J·kg–1·K–1 at ΔH = 2 T near room tempera-
ture [10].The colossal magnetocaloric effect was discovered in MnAs under hydro-
static pressure [11]. In this case |ΔSH| reaches values up to 267 J·kg–1·K–1 for ΔH = 2 T, 
T = 281 K and p = 2.23 kbar. In molar terms, it results in a value of 34.7 J·K–1·mol–1, 
1.47 times greater than the theoretical limit ΔSmax determined according to Eq. (3). The 
origin of this colossal magnetocaloric effect is the contribution to the entropy variation 
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coming from strong magnetoelastic interactions. The strong magnetoelastic interaction 
is the driving force for structural and first order magnetic phase transitions. The phe-
nomenological model of the colossal magnetocaloric effect in MnAs was recently 
developed by von Ranke et al. [12]. The model confirms the fundamental role of the 
lattice entropy in the colossal magnetocaloric effect for the MnAs based compounds. 
In some cases, there exists a full analogy between external pressure and chemical 
pressure. Because of a small difference in the atomic radii, it is expected that the sub-
stitution of Fe for Mn should emulate the pressure effect in MnAs [13]. The colossal 
magnetocaloric effect at ambient pressure in Mn1–xFexAs for x = 0.003 reaches values 
up to 330 J·kg–1·K–1 for ΔH= 5 T. Important point is that Fe doping does not change 
the density of states at the Fermi level in the host compound. 

3. Giant magnetocaloric effect in manganites 

In recent years, there has been increasing interest in using manganites not only as 
materials with a colossal magnetoresistivity but also as materials with interesting 
magnetocaloric properties. Such a proposition was made more than 10 years ago by 
Zhang et al. [14] who performed magnetocaloric measurements in La0.67Ca0.33MnO3 
and La0.60Ca0.33Y0.07MnO3. In next years, many other manganites have been examined 
from this point of view (see [5, 6, and 15] for references). A large magnetocaloric 
effect makes manganites excellent candidates for working materials in magnetic refri-
geration units especially because they are less costly than any other materials, particu-
larly those based on Gd. 

 

Fig. 1. Temperature dependence of the susceptibility for La0.65Ca0.35MnO3 polycrystals 
 in low field (20 Oe) for field cooling (FC) and zero field cooling (ZFC) regimes 
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Fig. 2. Change of the magnetic entropy of La0.65Ca0.35MnO3 polycrystals 
in function of temperature at fixed values of the external magnetic field 

 

Fig. 3. Temperature dependence of susceptibility for La0.7Ca0.3MnO3 polycrystals 
in low field (20 Oe) for field cooling (FC) and zero field cooling (ZFC) regimes 

Recently, we have shown [16] that the changes in entropy near TC depend strongly 
on various extrinsic factors. These dependences suggest that the magnitude of the 
magnetocaloric effect should depend strongly on methods of sample preparation. We 
have performed detailed studies of the magnetocaloric effect for La1–xCaxMnO3 with 
x = 0.3, 0.35 and 0.4 prepared by a nonstandard ceramic method. It was shown that the 
sharpness of the paramagnetic to ferromagnetic transition increases with Ca doping. It 
is seen in Fig. 1 that this transition is very sharp in La0.65Ca0.35MnO3 polycrystals. Al-
though the sharp transition indicates a first-order phase transition, the M vs. H depen-
dences exhibit no anomalies characteristic of this type of transition. It is interesting 
that for almost the same level of doping in La0.67Ca0.33MnO3, the paramagnetic-ferro- 
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magnetic transition was shown to be of the first-order (see [17] and discussion therein). 
Thermally driven first-order transitions may be rounded by quenched disorder [17]. This 
mechanism, related to the method of sample preparation, may be responsible for the 
second-order transition observed in our samples. Such samples demonstrate large values 
of the magnetocaloric effect reaching 6.5 J·kg·K–1 for 5 T (Fig. 2). A similar situation was 
observed for La0.7Ca0.3MnO3, in which the paramagnetic-ferromagnetic transition (Fig. 3) 
is extremely sharp suggesting the first-order phase transition. Nevertheless we have shown 
that La0.7Ca0.3MnO3 manganite is characterized by a second-order transition near to the 
first-order one. In this system, the magnetocaloric effect is very high (Fig. 4) and reaches 
8 J·kg–1·K–1) for ΔH = 2 T. It is the highest value ever observed for doped LaMnO3 man-
ganites, considerably larger than that known for gadolinium. 

 

Fig. 4. Change of the magnetic entropy of La0.7Ca0.3MnO3 polycrystals 
in function of temperature at fixed values of the external magnetic field 

It has to be added that for manganites an interesting relation has been established 
[18] between magnetic entropy change ΔSH and resistivity r: 
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α ∂⎡ ⎤Δ = − ⎢ ⎥∂⎣ ⎦∫   (4) 

with α = 21.27 emu/g. The dependence may be used to determine ΔSH(T,H) from re-
sistivity measurements. 

4. Magnetocaloric effect in cobaltites 

Although perovskite cobaltites have received less attention than manganites, these 
materials have been the subject of considerable interest due to prospects of their use as 
magnetic media, cathode materials, etc. Cobaltites have quite unusual physical proper-
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ties. Co3+ ions can occur in three different spin configurations: low-spin (S = 0), inter-
mediate-spin (S = 1) or high-spin (S = 2) states. It is generally agreed upon that ther-
mal excitation in cobaltites may induce spin-state transitions. In addition to these spin 
-state phenomena, magnetoelectronic phase separation occurs in cobaltites upon dop-
ing. All these features make the magnetocaloric effect in cobaltites completely different 
from that in manganites.  

 
Fig. 5. Change of the magnetic entropy of a La0.8Ca0.2CoO3 single crystal  
in function of temperature at fixed values of the external magnetic field 

 
Fig. 6. Change of the magnetic entropy of a Tb0.9Dy0.1BaCo2O5.5 single crystal 

 in function of temperature at fixed values of the external magnetic field 

Figure 5 displays the changes of the magnetic entropy of a La0.8Ca0.2CoO3 single crys-
tal in function of temperature at fixed values of the external magnetic field. The ground 
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state of this cobaltite is a cluster glass [19] arising due to phase separation. It results from 
Fig. 5 that the observed magnetocaloric effect in cobaltite is weak, considerably weaker 
than that observed in manganites. Similar magnetocaloric properties have been observed 
in oxygen deficient Tb0.9Dy0.1BaCo2O5.5 single crystals. This cobaltite is a strongly ani-
sotropic Ising type magnet [20]. Figure 6 presents the magnetocaloric effect in this 
compound measured near the Curie temperature. Also in this case, the observed mag-
netocaloric effect is weak. 

5. Applications 

The development of a new magnetic refrigeration technology, based upon the 
magnetocaloric effect, has brought an alternative to the conventional gas compression 
technique. As a result, many new materials with large magnetocaloric effect have been 
discovered, and a much better understanding of this magneto-thermal property has 
resulted. The magnetic refrigeration has several advantages compared to conventional 
techniques. First of all, the cooling efficiency in magnetic refrigerators is very high 
and there are no harmful gases involved. The refrigerators may be built more compact-
ly and generate much less noise. They are expected to be applied as large-scale air 
conditioners and heat pumps. 

6. Conclusions 

This review presents new magnetocaloric materials with special focus on manga-
nites. It is shown that manganites are good candidates to work as magnetic refriger-
ants. Although for all studied manganites paramagnetic-ferromagnetic transition is 
very narrow, no hysteresis was observed near TC and the transitions are identified as 
second-order ones. The magnetic entropy change in La0.7Ca0.3MnO3 is shown to be 
larger than that exhibited by metallic gadolinium. Moreover, their materials-
processing cost is low. 
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