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Summary y 
Thiss thesis presents a study of the magnetocaloric effect (MCE) and related 

physicall  properties of several intermetallic compounds: GdRu2Ge2, GdsGe^Si,?, 

andd MnFe(P,As). Of particularly interest is the discovery of a very large MCE in 

MnFe(P,As)) compounds around room temperature and low fields that can be 

generatedd by permanent magnets. This is a promising step in the direction of 

refrigerationn technology by means of the magnetocaloric effect. 

Afterr a brief overview on the conventional refrigeration techniques, the 

significancee of developing magnetic refrigeration and the motivation for this study 

aree pointed out in Chapter 1. The adiabatic temperature change and the isothermal 

magnetic-entropyy change are the two characteristic parameters for evaluating the 

magnetocaloricc properties of a magnetic material. The theoretical aspects of the 

MCEE and of magnetic phase transition are presented in Chapter 2. Since a large 

MCEE may be expected in the vicinity of a magnetic phase transition, our study is 

focusedd on the MCE associated with such transitions, in particular first-order phase 

transitions s 

Forr the determination of the MCE, we have used both magnetic and 

specific-heatt measurements, that are described in Chapter 3. Additionally, we also 

presentt direct measurements, which were performed by Tishin's group at Moscow 

Statee University, of the MCE in some of the MnFe(P,As) compounds. A reliable 

characterizationn technique for the MCE and a better understanding of the MCE and 

relatedd physical properties of the newly found compounds Gd5(Ge,Si)4 are, 

therefore,, crucial in fundamental as well as technological investigations for new 

magneticc refrigerants. Therefore, in Chapter 4, the characterization techniques and 

methodss to determine the MCE were tested by studying the MCE in GdRu2Ge2. 
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Thee results of this study show that the isothermal magnetic- entropy change 

derivedd from magnetization measurements is in good agreement with the values 

obtainedd by means of specific-heat measurements in magnetic field, thus 

confirmingg that it is reliable to investigate the MCE in new materials by means of 

simplee magnetization measurements. In Chapter 4, we also present the results of a 

studyy of the MCE and of related physical properties of a single crystal of 

Gd5Ge23Sii.7.. This compound exhibits a large magnetic-entropy change, at least 

threee times larger than that of Gd, in the vicinity of its first-order simultaneous 

structurall  and magnetic phase transition. 

Wee have found that MnFe(P,As) compounds are very promising novel 

magneticc coolants with a large MCE in the room-temperature region. In Chapter 5, 

wee present a study of the MCE and related physical properties, such as 

magnetizationn and electrical resistivity, of the hexagonal MnFe,.xAsx compounds. 

Thesee materials that contain elements that easily evaporate, such as P and As, have 

beenn prepared by ball milling and subsequent solid-state reaction. The hexagonal 

MnFePi_xAsxx compounds exhibit a MCE that is as large as the one found in 

Gd5(Ge,Si)4.. This MCE is also associated with a first-order magnetic phase 

transitionn from the low-temperature ferromagnetic (FM) phase to the high-

temperaturee paramagnetic (PM) phase. An applied magnetic field induces a 

transitionn from PM state to FM state. The first-order phase transition in the 

MnFe(P,As)) compounds studied is adequately described by the Bean-Rodbell 

model,, indicating the magnetoelastic effect plays an important role in the phase 

transition.. Besides their large MCE, two additional features make the MnFe(P,As) 

compoundss promising candidate materials for magnetic refrigerants in room-

temperaturee applications. The first one is the fact that their Curie temperature can 

bee tuned between 168 K and 332 K by varying the P/As ratio between 1.5 and 0.5, 

whichh allows one to tune the maximum MCE in this temperature range without 

losingg the large MCE. The second important feature is that, unlike for instance in 

FeRh,, the large MCE in the MnFe(P,As) compounds is reversible, and that the 
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thermall  hysteresis observed in the compounds is smaller than that observed in 

Gd5(Ge,Si)44 system. It is also commercially attractive that the price of the 

MnFe(P,As)) is much cheaper than Gd. 

Inn Chapter 6, we present further studies on the magnetocaloric properties of 

thee MnFe(P,As)-based compounds in which the Mn/Fe ratio is varied. The 

experimentall  results show that a small addition of Mn enhances the MCE and 

reducess the thermal hysteresis. The best magnetocaloric properties are achieved for 

Mn1.1Feo.9Po.47Aso.53,, which exhibits a maximum adiabatic temperature change of 3 

KK for a field change from 0 to 1 T at 292 K. The thermal hysteresis is less than 2 K. 

http://Mn1.1Feo.9Po.47Aso.53

