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Introduction n 

1.11 General introduction 

Modernn society relies very much on readily available cooling. Next to the food 

storagee and transport, air-conditioning in buildings and cars gains more 

importance,, and in the near future it is envisaged that superconducting electronics 

mayy be operated at liquid-nitrogen temperatures. These developments call for 

energy-efficientt and versatile refrigeration technology. 

Thee vapor-compression refrigerators have become ubiquitous in a large 

numberr of cooling applications. However, the use of chlorofluorocarbons (CFCs) 

andd hydrochlorofluorocarbons (HCFCs) as working fluids has raised serious 

environmentall concerns, primarily for the role in the destruction of the ozone layer 

[1,2]] and the global warming. Replacement by fluid hydrofluorocarbons (HFCs), 

whichh contain no chlorine and therefore have no ozone depletion potential, is not 

withoutt problems because the HFCs are greenhouse gases [3] with higher global 

warmingg potential than C02. In addition, the efficiency of the vapor-compression 

refrigerationn systems is not expected to be significantly improved in the future. 

Thus,, due to slow improvement of the efficiency and serious concern for the 

environment,, alternative technologies that use either inert gases or no fluid at all 

becomee attractive solutions to the environment problems. 
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Magneticc refrigeration has been in use in scientific applications for a long 

timee for cooling below 1 K. But there are no commercial applications at 

temperaturess around room temperature due to the fact that the magnetocaloric 

effectt (MCE) is relatively weak in most ferromagnetic materials at these 

temperatures.. Only gadolinium exhibits a considerable MCE, about 2 K/T, at room 

temperature.. Recently, this technique has been demonstrated [4] as a promising 

alternativee for the conventional gas-compression/expansion technique generally in 

usee today. But the major problem in magnetic refrigeration is still to find working 

materialss with a large MCE in different temperature regions. 

Inn 1997, Pecharsky and Gschneidner [5] have reported the discovery of the 

so-calledd giant MCE in the Gd5(SixGei_x)4 system. Subsequently, a large number of 

materialss were reported as candidate materials for magnetic cooling [6-9]. 

Althoughh considerable success has been achieved in developing magnetic 

refrigerants,, the search for novel working materials is still an important task, in 

particular,, in order to develop suitable materials for room-temperature applications 

inn lower fields, which can be generated by permanent magnets [10, 11]. 

Thee motivation of our research project, namely to explore new materials for 

magneticc cooling, was two-fold. From the application point of view, we have 

focusedd on finding potential refrigerants, specifically among Mn- or Fe-based 

compounds,, in order to establish the appropriateness for room-temperature 

magnetic-coolingg application. From the fundamental point of view, our motivation 

wass to gain a deeper insight into the fundamental relations between the MCE and 

magneticc phase transitions, compositions, and the thermomagnetic properties of 

solidd magnetic materials. This insight may serve as a guide in the search for new 

materialss suitable for application. 

1.22 The magnetocaloric effect 

Thee MCE is defined as the thermal response of a magnetic material to an applied 

magneticc field and is apparent as a change in its temperature. It was discovered by 



Introduction n 3 3 

Warburgg [12] in 1881 and is intrinsic to all magnetic materials. In the case of a 

ferromagneticc material as depicted in Fig. 1.1, the material heats up when it is 

magnetizedd and cools down when it is removed out of the magnetic field. 

Thee magnitude of the MCE of a magnetic material is characterized by the 

adiabaticc temperature change ATad, or by the isothermal magnetic -entropy change 

A5mm due to a varying magnetic field. The nature of the MCE in a solid is the result 

off  the entropy variation due to the coupling of the magnetic spin system with the 

magneticc field [13]. For the various aspects of the MCE and magnetic refrigeration 

wee refer to Kuz'man and Tishin [14], Gschneidner and Pecharsky [15], and Tishin 

[16]. . 

1.33 Magnetic refrigeration 

Magneticc refrigeration is a method of cooling based on the MCE. The heating and 

coolingg caused by a changing magnetic field are similar to the heating and cooling 

off  a gaseous medium in response to compression and expansion. A schematic 

representationn of a magnetic-refrigeration cycle is depicted in Fig. 1.1. 

Whenn a ferromagnetic material containing atoms that carry magnetic 

momentss is placed in an external magnetic field, the field forces the magnetic 

momentss to align, reducing the magnetic entropy. Since the total entropy is 

constantt under adiabatic conditions, the reduced part of the magnetic entropy is 

transferredd from spin subsystem to lattice subsystem via spin and lattice coupling. 

Thiss causes an increase of the lattice entropy, which makes the atoms vibrate more 

rapidly,, and results in an increase of temperature of thee material. Conversely, when 

thee material is taken out of the magnetic field, the moments randomize again and 

removee entropy from the lattice, creating a cooling effect. 

Inn 1926, Debye [17] and Giauque [18] have independently proposed the 

principlee of adiabatic magnetic cooling, which utilizes the MCE of paramagnetic 

salts,, as a means of reaching temperatures below the boiling point of liquid helium. 
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Figuree 1.1: Schematic representation of a magnetic-refrigeration cycle in 
whichh heat is transported from the heat load to its surroundings. Initially 
randomlyy oriented magnetic moments are aligned by a magnetic field, 
resultingg in heating of the material. This heat is removed from the material to 
itss surroundings by a heat-transfer medium. On removing the field, the 
magneticc moments randomize, which leads to cooling of the magnetic 
materiall  to below the ambient temperature. Depending on the operating 
temperature,, the heat-transfer medium may be water (with antifreeze) or air, 
and,, for very low temperatures, helium. 

Inn 1933, Giauque and MacDougall [19] have put this idea into practice and have 

experimentallyy demonstrated the use of the MCE to achieve temperatures below 1 

K.. From then on, the MCE has been successfully utilized to achieve ultra-low 

temperaturess by employing a process known as adiabatic demagnetization. In 1976, 

Brownn [20] has reported a prototype of a room-temperature magnetic refrigerator 

andd demonstrated that magnetic refrigeration can be realized in the room-

temperaturee region. In 2001, Astronautics Corporation of America [4] has realized 

thee world's first successful room-temperature magnetic refrigerator, in which 
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permanentt magnets were used to generate the magnetic field. This achievement 

movess the magnetic refrigerator a step closer to commercial applications. 

1.44 Outline of this thesis 

Thee work presented in this thesis is a study of the MCE and related physical 

propertiess of several systems of intermetallic compounds. 

Thee theoretical aspects of the MCE and the Bean-Rodbell model that 

describess magnetic phase transitions observed in MnFePi_xAsx compounds are 

presentedd in Chapter 2. In Chapter 3, a short review is given of the experimental 

techniquess and set-ups that have been employed for the sample preparation, the 

characterizationn and the investigation of the physical properties of the materials 

studiedd in this thesis. 

Chapterr 4 is designated to the MCE and related physical properties of the 

Gd-basedd compounds GdRu2Ge2 and Gd5Si1.7Ge2.3- The isothermal magnetic -

entropyy change of GdRu2Ge2 was determined by means of both magnetization and 

specific-heatt measurements, which are in good agreement. We have also grown a 

singlee crystal of Gd5Sii.7Ge2.3 and have studied the thermomagnetic properties and 

thee MCE of this single crystal. 

Thee highlight of the work is the discovery of the giant MCE in transition-

metal-basedd compounds of the type MnFePi.xAsx. A systematic study of the MCE 

andd related physical properties of the MnFePi.xAsx compounds is presented in 

Chapterr 5. The magnetocaloric properties of MnFe(P,As)-based compounds can be 

improvedd by varying the Mn/Fe ratio. This is reported in Chapter 6. The last part is 

thee summary of the present thesis work. 

http://Gd5Si1.7Ge2.3
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