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Summary y 

Sincee the time of their discovery, permanent magnets have been widely used in 

science,, industry and our daily life. Many applications have been found in 

thee biomedical field, such as the use of permanent magnets for bio-surgical devices, 

inn dentures, orthopaedics, wound closures, stomach seals, repulsion collars, cancer cell 

separators,, magnetomotive artificial hearts and magnetic-resonance-imaging scanners. 

Amongg them one of the most promising applications is prosthetic dentistry where 

conventionall  magnets have been used as retentive aid for removable partial dentures 

inn the human mouth. Attachment of the dentures is carried out by means of the strong 

attractionn between magnets in the dentures and soft-magnetic materials of the root 

caps.. Owing to the continuous presence in such a complex working environment, 

permanentt magnets need to be not only powerful but also non-corrosive, which usually 

cannott be found in commercial materials, e.g. Nd-Fe-B magnets. This stringent 

requirementt is only met in Pt-rich alloys. These alloys possess excellent magnetic, 

corrosion-- and wear-resistance properties. In this work, we therefore have developed 

permanentt magnets based on T-Pt alloys (T is a 3d transition metal) as candidates 

forr dental application. 

Nowadays,, for testing modern hard-magnetic materials and magnetising small 

magnetss one requires the possibility of generating fields in excess of 10 T with 

aa reasonable duration. Based on a 150 kJ capacitor bank, we have built a compact 

magnetometer,, which allows magnetic-hysteresis loops in fields up to 20 T with 

aa peak-to-peak field reversal of 80 %. By means of this new equipment we can perform 

fastt and accurate measurements of hysteresis loops in the temperature range from 77 to 

4000 K that cover the most relevant magnetic-field and temperature ranges for hard-

magneticc materials. 

Wee studied the changes in structure, the mechanical and the magnetic 

propertiess obtained by various types of heat treatments and by chemical substitution 
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forr binary alloys TxPt10o-x- In the thermomagnetic analysis, the Hopkinson effect 

iss observed for FexPt100-x and CoJ^oo.*  alloys. This is due to the fact that the fee phase, 

whichh is not ideal, and the fct phase both have magnetic anisotropy. 

Thesee measurements also show that, in FexPt,oo-x alloys, the Curie temperature 

increasess with decreasing Fe-coordination number of the Fe atoms. In CoxPt10o-x alloys, 

wee observed an opposite dependence to that of FexPtioo-x alloys. 

Thee highest energy product (BH)max of 118 kJ/m3 is obtained for FeöoPUo after 

ageingg at 625 °C for 1 h. For Co5oPt5o aged at 650 °C for 1 h, this value equals 

899 kJ/m3. Besides, we find that Fe67Pt33 is a soft-magnetic material that can be used as 

aa root cap in the denture-retention system. All of these alloys exhibit good mechanical 

properties,, with Vickers hardness of 450 and tensile strength of 150 MPa that meet 

thee requirements for biomedical applications. 

Wee performed further studies on ternary (Fe0.6pto.4)ioo-xMx alloys in which 

MM is a non-magnetic element such as Nb and Al. The experimental results show that 

withh small amounts of the third element, beside good mechanical properties, the hard-

magneticc properties of the ternary alloys are improved compared to FeöoPUo- The best 

permanent-magnett properties are achieved for Fe59,7Pt39 8Nb0.5 aged at 625 °C for 24 h: 

BBrr = 0.98 T, BHC = 302 kA/m and (fltf) max = 125 kJ/m3. For Fe59.g5Pt39.9Alo.25, we reach 

thee best hard-magnetic properties after ageing at 525 °C for 24 h: Br = 1.02 T, 

BBHHCC = 300 kA/m and (BH)max = 132 kJ/m3. The Curie temperature of these magnets, 

aboutt 400 °C, is acceptable for biomedical applications. 

Forr aged binary and ternary Fe-Pt alloys, the small initial susceptibility of 

thee virgin magnetisation curve shows that the high coercivity in these alloys originates 

fromm pinning of domain walls. This high coercivity depends on the degree of atomic 

orderr of Fe and Pt atoms in fee and fct structures and on the microstructure of the fct 

particles.. The remanence enhancement is related to the exchange coupling between the 

soft-magneticc fee phase and nano-size hard-magnetic fct particles. The latter have sizes 

inn the range of 3-8 nm, well below the calculated critical value of 14 nm. 

Additionally,, thermodynamic studies indicate that the fec-fet transition is 

mainlyy controlled by the growth of nucleated fct sites for Fe^t ô and Fe59.g5Pt399Alo.25, 

inn contrast to both nucleation and growth processes in the case of Fe59.7Pt39 gNb0.5. 

http://Fe59.g5Pt39.9Alo.25
http://Fe59.g5Pt399Alo.25
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Thee Invar effect is found in all of these alloys. Finally, small-angle neutron-scattering 

analysiss shows that the magnetic-domain size is in the range of a few hundred 

nanometress and that the average fct particle size is a few nanometres, which is in good 

agreementt with the microstructure analysis. 




