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Chapterr 1 

Introduction n 

1.11 Permanent-magnet materials and recent developments 

Permanent-magnett materials are essentially characterised by the existence of 

aa large magnetisation at zero magnetic field and a high coercivity in the second 

quadrantt of the magnetic hysteresis loop, as illustrated in Fig. 1.1. 

Insteadd of the magnetisation M, one usually uses the magnetic polarisation J 

andd flux density B in which J = (loM and B = J + \JLQH (H is the demagnetising field 

strength).. The magnetisation at zero field, after removing the external magnetic field, is 

calledd the remanent magnetisation (or remanence), denoted by Mr (or Br). To specify 

thee performance of permanent magnets, the coercive field or coercivity jHc (BHC) and 

thee maximum energy product (Z?#)max can also be used. The former indicates the 

externall  magnetic field at which the magnetisation becomes zero. The latter, defined as 

thee maximum of the product between B and H for each point of the B(H) curve in the 

secondd quadrant, expresses the amount of energy that can be stored in a unit volume of 

thee magnet. For applications, it is also important to know the temperature dependence 

off  these magnetic properties, especially when the working temperature exceeds room 

temperature. . 

Goingg back to the past, the modern history of permanent magnets started 

aroundd 1940 with the appearance of Alnico. With this introduction, the application of 

permanentt magnets widely spread into many fields such as electric motors, generators 

andd loudspeakers. A revolution in permanent-magnet materials occurred in 1969 with 

thee discovery of a new high-performance magnet based on the compound SmCo5 [1]. 

Laterr on, the energy product was improved by alloying and by changing the 

compositionn towards Sm2Co|7. This work has been continued by substituting Fe for Co 

andd in 1983, the third generation permanent magnets based on Nd2Fe14B was found by 
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Fig.Fig. 1.2 The development of permanent magnets. 

Sagawaa [2] and Croat [3] with (BH)mn exceeding 400 kJ/mJ (50 MGOe) (see Fig. 1.2). 

Combiningg a high remanence with a large coercivity, these magnets became dominant 

inn many applications. However, Nd-Fe-B-based magnets have a low Curie 

temperature,, about 300 °C, and are sensitive to corrosion due to the presence of rare-

earthh elements. Therefore, due to the low operating temperature the use of this magnet 

iss limited to applications such as in electric motors and generators. 
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Besidee in technological fields, the use of permanent magnets in biomedical 

applicationss for example in dentistry has steadily increased over the years. The 

increasingg popularity of dental-magnet techniques has boosted the search for new 

materialss that are applicable. The applications of magnets in dentistry are various from 

orthodonticss to prosthetic dentistry. Here, we will focus on the application in prosthetic 

dentistryy where conventional magnets have been used as retentive aid for removable 

partiall  dentures [4, 5]. 

1.22 Iron-platinum permanent magnets: potential materials for dental applications 

AA number of experiments have been carried out to use Sm-Co and Nd-Fe-B 

compoundss for dental applications [6-9]. The Dutch company DYNA Dental 

Engineeringg B.V. has developed a denture retention system as presented in Fig. 1.3. 

Inn this eminent model, a ferromagnetic material Pd-Co is incorporated in the jaw as 

aa root cap. This alloy is essentially a soft-magnetic alloy with zero remanence. Inside 

thee denture, powerful magnets, based on sintered Nd-Fe-B, are fixed. The magnets are 

soo strong that this system results in a very rigid attachment of the dentures to the jaw. 

Ferromagnetic c 
material l 

Root t 

Fig.Fig. 1.3 The denture retention system of DYNA Dental Engineering B. V. 

AA biomedical test has shown that the static magnetic field produced by the 

magnetss has no effect on human dental pulp [10], organic cell structures [11] or blood 

floww [12]. However, this type of magnets is very brittle and has low corrosion 



4 4 ChapterChapter 1 

resistancee [7]. In order to overcome these problems, the magnets are captured in 

aa metal casing (stainless steel, Ti or Pd). Though, if the casing breaks, the rare-earth 

compoundd becomes in contact with saliva and corrosion will be a consequence. This 

inducess a cytotoxic effect that can be harmful to the health and also significantly 

reducess the lifetime of the magnets [8, 9, 13]. Therefore it is desirable to have other 

materialss that can be used as strong permanent magnets without casing for dentistry, 

i.e.. with good mechanical and biomedical properties. 

Co-Ptt [14], Fe-Pt alloys [15] and, recently, Fe-Pt thin films [16] have received 

muchh attention owing to their high magnetic anisotropy, high coercivity and large 

energyy product. The high magnetic hardness is developed in those alloys by ageing at 

aa moderate temperature that induces a transformation from the face-centred-cubic (fee) 

too the face-centred-tetragonal (fct) crystal structure, as shown in Fig. 1.4. Additionally, 

duee to the high Pt content, Fe-Pt alloys display good corrosive and wear resistance. 

aa a 

Fig.Fig. 1.4 Crystallographic structures of Fe-Pt: fee (a) and fct (b) structures. 

Bulkk alloys Fe-Pt and Co-Pt are of interest not only for fundamental research 

butt also for applications, particularly in corrosive environment as biomedical or off-

shoree applications. 
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1.33 Aim and outline of the thesis 

Ass mentioned above, it is desirable to develop a system, including a powerful 

permanentt magnet and a soft-ferromagnetic alloy, in which both components also have 

strongg mechanical properties. For this application, a Pt-rich TxPt100-x alloy (where T is 

aa 3d element) has been developed for magnet bodies in dental prostheses without 

encasing.. A further advantage of these magnets is the circumvention of the usual 

powder-metallurgicall  route. A special heat treatment gives ingots with the desired 

shapee the suitable magnetic properties to be used as dental magnet. It is an advantage 

thatt this material if not subjected to a heat treatment shows soft-magnetic properties, 

whichh makes it suitable to be used as root-cap material. 

Wee will focus on the studies of the changes of the structure, the mechanical 

propertiess and the magnetic properties of some binary TxPt|oo-x alloys by various types 

off  heat treatments and chemical substitutions. Based on the obtained results, a material 

whichh has optimum hard-magnetic properties will be used as basis material for ternary 

alloyss in which T and Pt are partially replaced by a third element M. Additionally, 

somee selected alloys will be used for further studies including the thermodynamic 

properties,, thermal expansion and small-angle neutron scattering measurements. 

Thiss thesis consists of seven chapters. Chapter 1 gives an introduction 

includingg the motivation of the work. Sample preparation and characterisation methods 

ass well as measurement techniques are presented in Chapter 2. In Chapter 3, 

wee describe the design and operation of a pulsed-field magnet, driven by a 150 kj 

capacitorr bank, in which magnetic hysteresis-loops can be measured and permanent-

magnett materials can be magnetised in fields up to 20 T at room temperature. 

Inn Chapter 4, we report on studies of the structural, mechanical and magnetic 

propertiess of binary TxPt100-x alloys. The alloy Fe^Pt̂  exhibits the best permanent-

magnett properties and is therefore used in Chapter 5 for further studies on ternary 

(Fe0.6Pto.4)ioo-xMxx alloys. In Chapter 6, other properties of some selected alloys 

aree investigated, such as thermodynamic properties and the thermal expansion. Small-

anglee neutron-scattering studies are presented in Chapter 7. A summary is presented 

att the end of the thesis. 
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