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Summary y 
Inn this thesis, the effect of nanoscale exchange coupling has been 

experimentallyy investigated in iron-rich Nd-Fe-B quenched ribbon alloys, 
equiatomicc CoPt bulk alloys and iron-rich Fe-Pt-Nb bulk alloys. The basic 
featuress of nanoscale exchange coupling and the mechanism of magnetization 
reversall  in these alloy systems have been described by observation of 
structure,, nanostructure, phase compositions and measurements of magnetic 
properties. . 

Thee first two chapters of this thesis give a general introduction in the 
experimentall  progress and the basic theory of nanoscale exchange coupling. 

Chapterr 3 introduces the experimental methods used in this thesis. 
Thesee methods mainly include (i) melt-spinning, arc-melt casting and heat-
treatmentt used for the preparation of samples with nanostructure; (ii) x-ray 
diffractionn and transmission electron microscopy used for the observation of 
structure,, nanostructure, phase compositions; (iii ) ac susceptibility and 
SQUIDD measurements performed for determining the magnetic properties. 

Inn Chapter 4, two basic problems of two-phase nanocomposite 
exchangee coupling are investigated in typical two-phase (Nd2Fei4B/Fe3B) 
nanocompositee alloy ribbons of composition Nd4.0Fe77.5B18.5. One is the effect 
off  the grain size on the two-phase nanoscale exchange coupling. Another is 
thee effect of the magnetocrystalline anisotropy of the hard-magnetic phase on 
thee two-phase nanoscale exchange coupling by substitution of Sm for Nd in 
thee alloy system Nd4-xSmxFe 77.5B18.5 with x = 0.0, 0.1, 0.2, 0.3, 0.4 and 0.5. In 
orderr to provide a comprehensive understanding of the effect of two-phase 
nanocompositee exchange coupling, four kinds of experimental methods have 
beenn used to qualitatively describe the degree of exchange coupling: 
1.. In the curve of the DC susceptibility XDC as function of external 

field,, determined by the first derivative of the demagnetization 
curve,, the magnitude of the peak near zero field can be taken as 
indicativee of the degree of decoupling of the central region of the 
softt grains. 
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2.. The curve of the reversibility ratio (Mrev/M tot) versus turn field Ht 

moree completely reveals several features of a spring magnet, such as 
thee degree of the exchange coupling of the soft grains to the hard-
magneticc grains and the effect of anisotropy on exchange coupling. 

3.. The rectangularity of the demagnetization curve is also related to 
thee degree of exchange coupling in two-phase nanocomposite 
magnets.. For strongly exchange coupled two-phase magnets, the 
rectangularityy should be more pronounced. 

4.. The relative difference of the average nucleation field Hn and the 
coercivityy Hc, (ïïn - Hc)/ Hn, is a measure of the degree of exchange 
coupling.. For a fully exchange-coupled system, the difference 
shouldd be close to zero. 
Itt has been shown experimentally that most of the magnetic 

momentss of the soft phase Fe3B are coupled to the hard phase Nd2Fei4B, 
whenn the grain size is about 20 nm. When the grain size of the soft phase is 
larger,, some of the moments of the Fe3B phase become decoupled, leading 
too a lower reversibility of the magnetization in low demagnetizing fields. A 
higherr degree of exchange coupling can be achieved by substituting Sm for 
Nd.. This experimental finding is proof for the theoretical prediction of an 
extensionn of the range of the exchange coupling by the reduction of the 
anisotropyy of the hard Nd2Fei4B phase. For relatively low Sm substitution, 
alll  hard-magnetic properties are enhanced, not only the reduced remanence, 
butt also the coercivity. Therefore, it is possible to reach optimal magnetic 
propertiess in two-phase nanocomposite magnets by properly adjusting the 
anisotropyy of the hard phase. 

Inn Chapter 5, the effect of nanoscale exchange coupling has been 
investigatedd in the disorder-order transformation in the CoPt alloy system. 
Thee x-ray diffraction, transmission electron microscopy, ac susceptibility and 
magnetizationn results indicate that the ordering transformation can be divided 
intoo two stages when samples consisting of the disordered Al phase are 
annealedd at 675 °C for different times. The first stage is that of nucleation and 
growthh of the ordered fct phase when the annealing time is shorter than 60 
min.. In this stage, ordered regions with mean size smaller than 8 nm are 
uniformlyy distributed and the ordering transformation preferentially occurs 
alongg the {110}  planes of the disordered matrix phase. The c axes of the 
orderedd regions with fct structure are randomly oriented along the a, b and c 
axess of the cubic structure of the original disordered fee matrix and both 
phasess are completely coherent. The degree of order of the ordered regions 
continuouslyy increases, but the rate of increase is different for the different 
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orderedd regions. Meanwhile, the degree of order of the matrix phase also 
increasess at a low rate. There is a broader continuous distribution of the 
degreee of order at the initial stage of the ordering transformation. An ordered 
regionn with higher degree of order has a higher magnetocry stal line 
anisotropy,, and lower order corresponds to a lower magnetocrystalline 
anisotropy.. The effect of the nanocomposite exchange coupling between the 
regionss with different degree of order is very clear. A remanence ratio of 0.78 
iss obtained for an annealing time of 20 min. The second stage is that of the 
formationn of antiphase boundaries and twin bands when the annealing time is 
longerr than 60 min. The growth of ordered regions leads to a swallowing up 
off  the disordered regions and the ordered regions meet each other to form 
antiphasee boundaries. In the meantime, cross-intersected polytwin bands of 
severall  hundreds of nanometers length and a few nanometers width are 
formedd along the {111}  and {211}  planes to relax the strain. The mechanism 
off  magnetization reversal changes from coherent rotation to movement of 
magneticc domain walls. Since the width of the polytwin bands is still within 
thee length of the exchange coupling, strong remanence enhancement is 
maintained.. The mechanism of magnetization reversal is a mixture of 
movementt of domain walls and coherent rotation. As the annealing 
temperaturee and time increase, the ordered regions are coarsened, the density 
off  antiphase boundaries is reduced and the twin bands are broadened. This 
leadss to a reduction of the effect of nanoscale exchange coupling, so that the 
remanencee is reduced. The reduction of the density of antiphase boundaries as 
sourcess of the pinning of domain walls leads to a reduction of the coercivity. 

Finally,, in Chapter 6, the ordering transformation and magnetic 
propertiess of a Fe59.75Pt39.5Nbo.75 bulk alloy have been investigated in detail by 
usingg different homogenization temperatures, different quenching rates and 
thenn different low-temperature annealing and different annealing times to 
obtainn samples with different microstructure and different atomically ordered 
states. . 

Thee experimental results indicate that the disorder-order 
transformationn temperature is around 950 °C. Using a higher homogenization 
temperaturee (in the range of 1100 °C - 1350 °C) and a lower cooling rate, such 
ass cooling in air, one can increase the nucleation rate of the ordered phase, so 
thatt a fine microstructure of ordered regions with dimensions of 10 nm - 20 
nmm is obtained. A uniform nanoscale microstructure with a wide distribution 
inn the degree of order can be obtained by properly controlling the quenching 
ratee and the annealing time. In this way, a high remanence ratio 
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(mrr = 0.74) can be obtained by profiting from the nanocomposite exchange 
couplingg between nearest-neighbor ordered regions with different magnetic 
anisotropy.. In the present off-stoichiometric magnetic alloy system, the 
magneticc fct phase is not very hard like the Nd2Fei4B phase, and the magnetic 
feee phase is not truly magnetically soft due to the increase of the degree of 
order.. Therefore, the samples do not possess the features of an exchange 
springg magnet as the iron-rich Nd-Fe-B magnets, although the exchange 
couplingg still results in a strong remanence enhancement. So far, in the 
presentt work, the expected two-phase nanocomposite exchange-coupled 
systemm consisting of completely disordered Al phase and the fully ordered 
LII  o phase has not been obtained. The optimal hard-magnetic properties, (io iHc 

== 0.42 T. |io Mr = 0.96 T and (BH)max = 15.1 MGOe, are obtained for a 
samplee homogenized at 1300 °C, cooled in air and subsequently annealed at 
5800 °C for 100 hours. 


