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Chapterr  4 

Structural ,, mechanical and magnetic 

propertiess of binary T-Pt alloys 

(TT = 3d metal) 

InIn this chapter, we will  give an extensive report of studies on 

TTxxPtPt100100--xx alloys where T is a 3d element. The changes in 

thethe structure, the mechanical and the magnetic properties obtained 

byby various types of heat treatments and by chemical substitutions 

willwill  be presented. 

4.11 Introductio n 

Fe-Ptt and Co-Pt alloys have attracted much attention due to their high magnetic 

anisotropyy in the ordered Ll 0 phase [1-3]. The advantage of these alloys lies in their 

abilityy to be produced as ingot permanent magnets, avoiding the complicated powder-

metallurgicall  manufacturing route. These magnets are also of high mechanical strength 

andd of unequalled corrosion resistance. Because of price considerations 

theyy are produced only in small quantities and mainly applied for medical implants. 

Prominentt examples are in dentistry or offshore applications. Recently, equiatomic 

FePt-- and CoPt-based films have been reported as promising candidates for ultra high-

densityy perpendicular recording [4-7]. 

Inn the phase diagram of these binary systems, for example in that of Fe-Pt as 

shownn in Fig. 4.1 [8], around the equiatomic composition one can observe 
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Fig.Fig. 4.1 Phase diagram ofFe-Pt [8]. 

aa disorder-order structural phase transition when the temperature decreases. The high-

temperaturee face-centred cubic (fee) phase (Al type) is an atomically disordered 

structuree that exhibits soft-magnetic properties. The low-temperature ordered phase 

crystallisess in a face-centred tetragonal (fct) structure (Ll 0 type). The latter phase has 

aa high uniaxial magnetocrystalline anisotropy, with Ku values of 6.6x107 and 

4.9xl077 J/m for FePt and CoPt [2], respectively, with the easy magnetisation direction 

alongg the c-axis. The hard-magnetic properties, therefore, can be obtained by annealing 

thee alloys at temperatures sufficiently below the fec-fet transformation temperature 

afterr quenching them from temperatures above the transformation temperature. 

Thiss phase transformation proceeds by means of nucleation and growth of the fct 

particless from the parent fee matrix. Furthermore, if a suitable heat treatment is used, 

onee can obtain sufficiently small fct particles, which makes it possible to control 

thee coercivity in these alloys by controlling the nucleation and growth of the fct 

particless during the phase transformation. 
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Itt has been reported that permanent magnets with good hard-magnetic 

propertiess can be made from Fe-Pt alloys containing small amounts of Nb [1]. 

Thee corresponding ingots were first homogenised at 1325 °C and then quenched in 

water.. The high coercivity is obtained after a subsequent isothermal ageing treatment 

performedd in a temperature range between 600 °C and 700 °C. Tanaka et al. [3] have 

studiedd aged Fe-Pt alloys which have high coercivities. According to these authors 

thee composition control is essential for reaching high coercivities. In aged alloys, 

optimall  coercivities were reached for 39.5 at. % Pt because the disordered fee phase 

transformss during quenching and can no longer act as pinning centers for domain 

walls.. They also showed that optimal coercivities are reached after heat treatments 

wheree the local stress associated with the fec-fet transformation is not yet released by 

twinn formation, and where the fct phase is still present in the form of nano-scale 

antiphasee domains. The antiphase domain boundaries between the single-domain 

particless act as pinning sites for domain-wall motion and in this way generate high 

coercivities.. A too long ageing treatment leads to particle growth so that the particles 

aree no longer single-domain particles. Consequently, the coercivity is reduced. 

Forr commercial permanent magnets, the coexistence of soft- and hard-

magneticc phases is usually desirable for obtaining large remanences. For example, 

manyy studies have been focused on two-phase magnets based on Nd2Fei4B in which 

or-Fee or F e^ is the magnetically soft phase and Nd2Fei4B is the hard phase [9]. These 

typess of systems can be described by the model of Kneller and Ha wig [10]. These 

authorss theoretically investigated a composite system that consists of two phases. The 

hard-magneticc phase (denoted by &-phase) has a large uniaxial magnetic anisotropy 

constantt Kk, and hence is able to generate a high coercivity. In contrast, the second 

phasee (denoted by m-phase) is magnetically soft with a higher magnetic-ordering 

temperaturee and a larger exchange energy (Am) than the hard-magnetic phase. These 

soft-- and hard-magnetic phases are assumed to be arranged in the alloy in an 

alternatingg fashion with particle sizes 2bm and 2bk, respectively. If the particle size bm 

off  the soft phase is smaller than a critical value of bcm = jt — —̂ , the magnetic 

momentss of the soft-magnetic grains will be coupled by exchange interaction with 
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thosee of the neighbouring hard-magnetic particles. Consequently, the magnetic 

momentss of the soft- and hard-magnetic particles will tend to align parallel to each 

otherr and along the easy magnetisation axis. Generally, the high saturation 

magnetisationn of the soft-magnetic phase leads to a high remanence of the composite 

magnet.. Therefore, remanence enhancement can be observed in such type of magnet, 

havingg a ratio between the remanence M, and the saturation magnetisation Ms 

characterisedd by M/Ms > 0.5 expected for an assembly of randomly oriented uniaxial 

magneticc particles. T-Pt alloys (T = 3d metal) that consist a soft-magnetic and a hard-

magneticc phase can conveniently be described by means of this model. 

Thee work in this chapter is aimed at finding the optimal hard-magnetic 

propertiess of binary T-Pt alloys with T being a transition metal. We will investigate 

thee changes in the structure, the mechanical and the magnetic properties that can be 

reachedd by various types of heat treatments and by chemical substitutions. The alloy 

withh optimal magnetic properties will be selected for further work. Also, 

thee mechanism responsible for the high performance magnetic properties in these 

alloyss will further be studied. 

Thiss chapter is organised as follows. First, we will briefly describe the sample 

preparationn and characterisation techniques. In the following sections, we will focus on 

studiess of structure, mechanical and magnetic properties of T-Pt alloys. 

4.22 Experimental 

Binaryy TKPtioo-x alloys (T = Fe, Co, Cr, Ni and Mn) were prepared by arc-melting 

stoichiometricc mixtures of the pure elements. The purity of the starting materials was 

att least 99.9 %. The alloys were cast and cut into cylindrical shape or disk-shape. 

Beforee the heat treatment, the samples were sealed into quartz tubes with 100 mbar 

atmospheree of purified Ar. 

Forr homogenisation, the samples were first annealed under the conditions 

indicatedd in Table 4.1 and then quenched in water (as-quenched sample). This was 

followedd by an ageing process at various temperatures between 600 °C and 700 °C 

withh different heating times to produce hard-magnetic properties. This process was also 

terminatedd by subsequent quenching in water (aged sample). 
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Tablee 4.1 Annealing conditions for homogenisation of TxPtIOo.x alloys. 

T T 

Fe e 

Co o 

Cr r 

Ni i 

Mn n 

Condition n 

13255 °C for 1 h (800 °C for 1 h for x = 67) 

9000 °C for 1 h (1000 °C for 1 h for x = 50) 

12000 °C for 1 h 

7500 °C for 1 h 

10500 °C for 1 h 

Thee crystallographic structure of the alloys was determined by X-ray 

diffractionn (XRD) measurements at room temperature. The homogeneity and 

thee chemical composition of several selected samples were checked by EPMA on 

aa SEM (JEOL JXA-8621). Microstructure analyses were carried out also by means of 

SEMM and additionally by TEM, Philips CM30T. 

Thee mechanical properties were investigated by means of a micro-hardness 

testerr Vickers 4902 of Wolpert and a home-made tensile-strength equipment. 

Too investigate the hard-magnetic properties, hysteresis-loop measurements 

weree mainly carried out at room temperature in magnetic fields up to 3-5 T in a SQUID 

magnetometerr and a vibrating-sample magnetometer (VSM). In several cases, 

measurementss were also performed at low temperatures down to 5 K and at high 

temperaturee up to 373 K (100 °C). Additionally, we measured magnetic-hysteresis 

loopss in high fields up to 15 T in a newly built pulsed-field magnet. The temperature 

dependencee of the magnetisation above room temperature was studied in a home-build 

Faradayy balance at temperatures up to 900 °C in an applied magnetic field of 0.05 T. 

4.33 Results and discussion 

4.3.14.3.1 FexPtI0O-.x 

Att high temperatures, the Fe-Pt phase diagram, as shown in Fig. 4.1, 

iss characterised by a range of complete solid solubility. The crystallographic structure 

iss a disordered fee structure over the whole solid-solubility range, in which the Fe and 

Ptt atoms statistically occupy the crystallographic sites. This high-temperature phase is 
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practicallyy useless for permanent-magnet applications because it does not show 

aa sufficiently high magnetic anisotropy, 

AA structural transformation takes place, however, when the rapidly cooled 

solidd solution FexPt10o-x alloys are annealed at lower temperatures. In three 

concentrationn areas (x * 25, x « 50 and x = 75), the fee phase transforms to an ordered 

phasee that depends on the composition. The applicability of Fe-Pt alloys as permanent-

magnett materials is based on the transformation of the disordered fee phase to 

ann ordered fct phase, occurring for alloys around the equiatomic composition. Only the 

latterr phase has a sufficiently high uniaxial magnetic anisotropy and an easy 

magnetisationn direction along the c-axis. To achieve a good permanent magnet, 

thee phase transformation must proceed in a way that the material has the suitable 

microstructure.. This microstructure strongly depends on the thermal history of the 

sample.. In the following sections, we describe the effect of different heat treatments 

andd chemical substitutions on the crystallographic structure, the microstructure, 

thee mechanical and the magnetic properties. 

4.3.1.4.3.1. J Crystallographic structure 

Fe-Ptt and Co-Pt alloys are known to have outstanding mechanical strengths. For this 

reason,, it is not possible to grind bulk material into powder that is needed for XRD 

measurements.. We, therefore, prepared the XRD samples in disk-shape with 

aa diameter of 3 mm by spark cutting. 

Firstly,, we consider a typical Fe60Pt4o sample. In Fig. 4.2, the XRD pattern at 

roomm temperature of as-quenched Fe60Pt40 is shown. In this diagram the main 

reflectionss (111) and (200) are of the fee structure. The pattern, however, also shows 

somee weak reflections that are absent in the XRD pattern of the pure fee Al type 

structure.. These reflections indicate the presence of fct phase even in the as-quenched 

statee and, therefore, are labelled "fct". The high background in the small-angle region 

iss due to the amorphous contribution of the glass cover of the sample holder. 

Inn order to study the effect of heat treatment on the progress of the fec-fet 

transition,, we annealed the as-quenched samples at 625 °C for ageing times varying 

fromm 1 to 10 h. The XRD patterns of the samples after each ageing process are shown 
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inn Fig. 4.3. The result of the as-quenched sample is also represented for comparison. 

Afterr ageing, we observe an increase in the intensity of the fct reflections such as 

(001).. In addition, with increasing ageing time, the (200)-fcc reflection splits 

increasinglyy into the (200) and (002)-fct reflections. The same tendency is also 

observedd for other reflections such as (220) and (311). This also indicates the 

appearancee of the fct phase, as the fcc-fct structural phase transition proceeds during 

thee ageing process. 

c c 

-S S 

CO O 
c c 
a; ; 

+—> +—> c c 

Fig.Fig. 4.2 XRD pattern of as-quenched Fe60Pt4l 

4.3.1.24.3.1.2 Microstructure 

Ann electron-probe micrograph of Fe6oPt4o is shown in Fig. 4.4. In this electron-probe 

microanalysiss (EPMA) image the bright area represents the main phase of the sample. 

Thee dark lines and spots are due to micro-cracks in the surface formed during 

samplee preparation. 

Accordingg to the EPMA result, the main matrix has the composition 

Fe6o.3(i.o)Pt39.7(i.o)) and is estimated occupy more than 99 % volume of the whole sample. 

Thee dark boundaries have the composition Fe60.6(i.o)Pt39.4(i.o)- It is present in very small 

amountss less than 1 % within the accuracy of the measurement. From this analysis, 

itt can be concluded that the prepared sample is practically single phase. 
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F;g.. 4.3 XRD diagrams for as-quenched Fe^oPt40 and after ageing at 625 °Cfor various times. 

Fig.Fig. 4.4 EPMA ofFe60Pt40. The main phase has the composition Fe60j(i.o)Pt39.7(i.o 

Otherr EPMA results on other FexPt]0o-x alloys are presented in Table 4.2. The 

resultss show that, within the accuracy of the determination, the actual compositions of 

thee samples as obtained by EPMA are the same as the nominal compositions. 
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Tablee 4.2 EPMA results for some FexPtioo-x alloys. 

Sample e 

Fe58Pt42 2 

Fe6oPt40 0 

Fe62Pt38 8 

Compositionn obtained by EPMA 

Fe58.6(1.0)Pt41.4(1.0} } 

Fe60.3(l.0^39.7(1.0) ) 

Fe62.6(1.0)Pt37.4(1.0) ) 

Moree information on the micro structure of Fe6oPt4o can be obtained by means 

off  optical microscopy. In Fig. 4.5 we show an optical-microscope picture of the surface 

off  as-quenched Fe6oPt4o-

Thee grain boundaries of the disordered fee parent phase can clearly be 

observed.. The result indicates that the fee particles have no preferential orientation, i.e. 

thee sample is isotropic. The average grain size of the fee particles can be estimated to 

bee about 10 |im. In order to investigate finer microstructures inside these fee grains, 

techniquess with higher resolution, such as TEM, are necessary. 

Inn Figs. 4.6a and b, we present the microstructures obtained by TEM of as-

quenchedd Fe6oPt4o and of the sample after ageing at 625 °C for 1 h, respectively. 

Inn these pictures, the dark-field (DF) images are shown, that have been obtained with 

thee electron beam close to a cubic direction of the fee structure, for example <100>, 

butt with a small angle of 5 ° from that axis. The reason for this is to obtain a good 

contrastt in the DF image. The image of the as-quenched alloy (Fig. 4.6a) shows a very 

finefine structure. On the other hand, in the aged sample (Fig. 4.6b) larger granular 

structuress can be distinguished. This illustrates the influence of the heat treatment on 

thee fec-fet transformation in the alloy. The brighter regions represent a complete 

transformation. . 

Inn Fig. 4.6, the selected area diffraction patterns (SADPs) are shown as inset 

inn the DF images. These patterns are close to a <100> zone-axis. The SADPs indicate 

thatt there is a substantial degree of atomic ordering in both the fee and the fct structure. 

Onee can clearly see the increase of intensity of the superstructure reflections, i.e. of the 

atomicc ordering, during the ageing. 
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Fig.Fig. 4.5 Optical-microscope picture of the surface of as-quenched Feb0Pt40. 

(a)(a) (b) 

Fig.Fig. 4.6 DF TEM and SADP images of as-quenched Fe60Pt40 (a) 
andand the sample aged at 625 °Cfor 1 h (b). 

Discussion Discussion 

Wee now give some comments on the structural characterisations of Fe6oPt40. Let us 

startt with the XRD results as presented in Fig. 4.3. It is interesting to consider the 

positionn of the original fee reflections, for example the fee (200) reflection. During the 

heatt treatment a splitting occurs, the fct (002) reflection shifting to a larger angle and 

thee fct (200) reflection shifting to a slightly smaller angle than that of the fee reflection. 

Consequently,, this leads to the change in the crystallographic parameters during the 

fec-fett transformation, which will be later confirmed by a calculation below. 
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Att the same time, an increase of the fct grain size is evidenced by a decrease of 

thee linewidth, for example that of the fct (001) reflection. 

Fromm the XRD results in Fig. 4.3 the lattice parameters were determined. For 

thee as-quenched sample the reflections labelled "fct" were ignored under the 

assumptionn that the presence of the fct phase does not influence the position of the fee 

reflections.. The same was assumed for the influence of the fee phase on the fct 

reflectionss of the aged samples. The derived lattice parameters a and c and the unit cell 

volumess Vcen calculated from the lattice parameters, as presented in Table 4.3. 

Thee increase of a and the decrease of c imply that, during the fec-fet phase transition, 

thee unit cell expands along the a-axis and contracts along the c-axis. A net volume 

contractionn of the unit cell VceM is observed. 

Tablee 4.3. Lattice parameters of as-quenched and aged Fe^ t̂  alloys. 

Sample e 

as-quenched d 

6255 °C, 1 h 

6255 °C, 2 h 

6255 °C, 5 h 

Structure e 

fee e 

fct t 

fct t 

fct t 

aa (A) 

3.7922  0.007 

3.7999  0.006 

3.801+0.004 4 

3.8000  0.003 

c(A) ) 

--

3.7599 8 

3.7511 6 

3.7499 7 

Kell(A 3) ) 

54.533 0 

54.255 7 

54.199 0 

9 9 

Thee fee particle size in as-quenched Fe^Pt̂  is estimated to be of the order of 

100 urn by means of optical microscopy {see Fig. 4.5). More detailed information on the 

microstructuree can be obtained by analysing the TEM images. In the DF image of as-

quenchedd FeöoPUo in Fig. 4.6a we can observe the existence of a number of fct 

particles.. This again confirms the results obtained by XRD analysis in which also some 

"fct""  reflections are found. The ageing process induces an increase of the number of fct 

particless and also the growth of these particles {see Fig. 4.6b). Depending on the 

thermall  history, the fct particle size increases from 1 -3 nm in the as-quenched sample 

too 2-5 nm in the sample aged at 625 °C for 1 h. The shape of the particles is globular. 

Inn the inset of the DF images in Fig. 4.6, superstructure reflections can be seen 

inn the SADP. The intensities of the superstructure reflections can be seen to vary with 
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ageingg time. This is an indication of the degree of atomic order. For example, 

thee degree of atomic ordering in the fee and fct phases in the as-quenched sample is 

lowerr than in the aged sample. No antiphase boundaries can be distinguished in 

Fe60Pt400 aged at 625 °C for 1 h, indicating a broad transition region between 

neighbouringg fct particles. This transition region, therefore, corresponds to a disordered 

regionn with the fee structure between the ordered Ll 0 particles. The relation between 

thee microstructure and the magnetic properties in the alloy will be discussed in 

Sectionn 4.3.1.4. 

4.3.1.34.3.1.3 Mechanical properties 

Besidess the requirements on the permanent-magnet properties, the mechanical 

propertiess of Fe-Pt alloys are also very important for technological and biomedical 

applications.. To determine the mechanical properties of a material, properties such as 

hardnesss and tensile strength are commonly investigated. An illustration of the 

hardnesss measurement is given on the left side of Fig. 4.7 in which a cubic imprint of 

thee diamond indenter is shown. On the right side, we present the measured hardness as 

aa function of the Fe content in FexPtioo-x alloys. 

Itt can be seen that the alloys become harder with increasing Pt content. An 

additionall  increase of the hardness is observed for the aged samples. The hardness of 

thesee alloys is clearly improved by the ageing process. For the aged samples, 

thee hardness is about 350-450 in Vickers units, which is approximately equal to 35-50 

onn the Rockwell C scale. These values are comparable to the hardness of a file band or 

off  cutting tools [11]. Therefore, the hardness of Fe-Pt alloys can meet the mechanical 

requirements. . 

Inn a simple set-up, we measured the tensile strength of Fe60Pt4o by detecting 

thee stress at which the sample breaks. In Fig. 4.8, the tensile-strength results are shown 

ass measured on as-quenched F e ^ t̂  and on a sample aged at 625 °C for 1 h. 

Thee tensile strength of the as-quenched sample is larger than that of the aged one, 

whichh is due to the growth of the fct grains in the aged sample. 



Structural,Structural, mechanical and magnetic properties of binary T-Pt alloys ... 53 
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Fig.Fig. 4.7 Illustration of a hardness measurement (left) and hardness ofFexPtWg.x (right). 
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Fig.Fig. 4.8 Tensile strength of as-quenched and aged Fe60Pt4l 

Forr comparison, we present in Fig. 4.9 the values of the tensile strength of 

Fe60Pt4oo and of some other well-known materials. The tensile strength of Fe6oPt4o is in 

thee range of 150-350 MPa, which is comparable to materials such as alumina and 

CuAgo.08%-- The latter alloy has for instance been used to wire the magnet coil of the 
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200 T pulsed-field magnet (see Chapter 3). In combination with the hardness testing, 

thee mechanical properties of Fe60Pt4o alloy are acceptable for application requirements. 

900 0 

Alloys s 

Fig.Fig. 4.9 Tensile strength of some materials. 

4.3.1.44.3.1.4 Magnetic properties 

a.a. Permanent-magnet properties 

Importantt features of the studied alloys are their permanent-magnet properties. For 

characterisationn of the performance of a hard-magnetic material, one generally uses 

parameterss as the remanence Br, the coercivity Hc and the energy product (S//)max. 

Thesee parameters were determined from magnetic-hysteresis loops measured in a 

SQUIDD magnetometer and a VSM. For this study, we prepared FexPtioo-x alloys with 

Fee content x from 55 to 67 at. %. In the first part of this section, we will present the 

hard-magneticc properties obtained on Fe6oPt4o at room temperature. 

Inn Fig. 4.10, we present the hysteresis loops of as-quenched Fe60Pt4o together 

withh the hysteresis loops of samples aged at 625 °C for different times. On the vertical 

axiss the relative ratio of the magnetisation and magnetisation at 5 T is plotted. In the 

loww field region, the slope of the virgin magnetisation curve is steep for the as-

quenchedd sample, in contrast to a steady increase of the slope of the aged samples, 
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ass represented for the sample aged at 625 °C for 1 h. The relative ratio of the 

remanencee (Mr) and the magnetisation at 5 T (M5T), mr = MJM5T, is of the order of 0.65 

too 0.7. This is significantly higher than the value 0.5 expected for a single-phase 

isotropicc magnet [10]. 

0.8 8 

0.6 6 

pO.4 4 

0.2 2 

0.0 0 

-0.44 -0.2 0.0 0.2 

H„HC0 0 

Fig.Fig. 4.10 Hysteresis loops of as-quenched Fe60Pt40 

andand after ageing at 625 °C for different times. 

Thee results also show that the remanence and the coercivity of the alloy are 

improvedd by ageing. The ageing induces a transition from the soft-magnetic fee phase 

too the hard-magnetic fct phase and therefore enhances the hard-magnetic properties of 

thee materials. Both the remanence and the coercivity increase with increasing ageing 

timee and pass through a maximum after about 1 h. 

Inn Fig. 4.11, the plots of the magnetic polarisation J (open points) and the flux 

densityy B (solid points) are shown as a function of the demagnetising field in the 

secondd quadrant of the hysteresis loop for Fe6oPt4o aged at 625 °C for 1 h. The 

remanencee is Br - 0.97 T and the intrinsic coercivities derived from J{H) and B(H) 

curvess are }HC = 321 kA/m and BHC = 294 kA/m, respectively. 
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Fig.Fig. 4.11 Demagnetising behaviour of Fe60Pt40 aged at 625 °C for 1 h. 
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1212 Effect of heat treatment on 

magneticmagnetic properties of Fe60Pt40. 
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Fig.Fig. 4.13 Effect of the Fe content on 

thethe magnetic properties of FexPtm_x alloys. 

Too investigate the effect of heat treatment on the magnetic properties of the 

alloy,, we have modified the ageing process. The modified conditions include changing 
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thee temperature within the range from 600 °C to 650 °C with ageing times up to 10 h. 

Inn Fig. 4.12, we show the dependence of the magnetic properties of Fe60Pt4o on ageing 

temperaturee and ageing time as determined from the hysteresis loops measured at room 

temperature.. The results show that, upon ageing, at all temperatures, the magnetic 

propertiess immediately improve, reaching an optimum after about 1-2 h of ageing and 

thenn degrading with increasing ageing time. 

Thee Fe content also plays a role in the optimal hard-magnetic properties of 

FexPt10o-xx alloys. We studied this on aged samples with different Fe contents and 

differentt heat treatments. In Fig. 4.13, we show the magnetic properties of FeJHioo-x for 

Fee content in the range x = 55-67 at. %. The best hard-magnetic properties are obtained 

att the composition x = 60 at. % with a remanence Br of 0.97 T, an intrinsic coercivity 

BHBHCC of 294 kA/m and an energy product (BH)max of 118 kj/m3 (14.8 MGOe). 

Hysteresis-loopp measurements were also carried out on aged Fe60Pt4o in the 

200 T pulsed-field magnet. In Fig. 4.14, the results are presented for Fe60Pt4o aged at 

6255 °C for 1 h. The highest applied magnetic field is 14.6 T. Both the remanence and 

thee coercivity slightly increase if the highest applied field is increased up to about 10 T. 

Abovee this field value, the magnetisation curve is already saturated, so that the change 

inn the magnetic properties is small. The maximal values for the hard-magnetic 

propertiess are Br = 0.98 T, BHC = 308 kA/m and (BH)max = 124 kJ/m3. 

b.b. Temperature dependence of the magnetic properties 

Fe60Pt4oo aged at 625 °C for 1 h exhibits the best hard-magnetic properties and is 

thereforee used for further analysis. From the hysteresis loops of this sample in fields up 

too 5 T and from T0 = 5 K up to room temperature, we can determine the temperature 

dependencee of the hard-magnetic properties as depicted in Fig. 4.15. From this result, 

thee following temperature coefficients are derived: a = -0.03 %/K for Sr, 

pp = -0.12 %/K for BH, and y = -0.11 %/K for (5//)max, in which, for example, 

aa = [Br (T0 +AT )/Br (T0) - I]M7X100 % {AT = 293 K). 

Thermomagneticc analysis (TMA), performed above room temperature in a 

Faradayy balance in an applied field of 0.05 T, is shown in Fig. 4.16 for as-quenched 

andd aged Fe6oPt4o-
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Fig.Fig. 4.14 High-field hysteresis loop of aged Fe60Pt4l 
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Fig.Fig. 4.15 Temperature dependence of hard-magnetic properties of aged Fe^oPt^ 
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Fig.Fig. 4.16 TMA of as-quenched Fe60Pt40 and after ageing at 625 "Cfor 1 h. 
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Fig.Fig. 4.17 TMA of as-quenched FexPt100.x alloys. 
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Thee results in Fig. 4.16 show that the magnetisation of both Fe6oPt4o samples 

increasess with increasing temperature. There is a maximum around 350 °C, which is 

welll  below the Curie temperature Tc. The Curie temperature of as-quenched Fe6oPt4o 

determinedd from the minimum of the derivative dM/dT is Tc = 382(5) °C. For the aged 

samplee a small shift of Tc toward a higher temperature of 389(5) °C is observed. 
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Thee temperature dependence of the magnetisation of the other as-quenched 

FexPt100-xx alloys is presented in Fig. 4.17. From these measurements, we can see that Tc 

decreasess with increasing Fe content, from 440(5) °C for x = 55 to 236(5) °C for 

xx = 67. 

Discussion Discussion 

Inn the hysteresis loop measured on the sample in the as-quenched state 

(Fig.(Fig. 4.10), a coercivity of 0.19 T is observed. This indicates that the hard-magnetic fct 

phasee is already present after quenching from high temperature, as mentioned also in 

connectionn with crystallographic structure and microstructure analysis (Sections 4.3.1.1 

andand 4.3.1.2). 

Thee remanence and the coercivity of the alloys are improved by ageing as 

presentedd in Fig. 4.10. Ageing induces a transition from the soft-magnetic fee phase to 

thee hard-magnetic fct phase. This transition leads to an increase of the magnetic 

anisotropy,, which is further enhanced by the increase of the degree of atomic ordering 

duringg the ageing. From the hysteresis-loop measurements, one can see that ageing at 

aa suitable temperature initiates the fec-fet phase transition that alters the magnetic 

propertiess of the samples. 

Thee change in remanence and the coercivity can be understood by taking 

thee microstructure analyses into account. One knows that for permanent magnets 

thee optimal magnetic properties depend not only on the magnetic anisotropy but also 

onn an appropriate microstructure of the phases in the materials considered. Based on 

thee above XRD and TEM analyses (see Figs. 4.3 and 4.6), we propose that a short 

ageingg time produces imperfectly ordered fct particles within the fee matrix. 

Thee degree of order of the Fe and Pt atoms in the fct structure is still low and therefore 

thee alloy has a low anisotropy and a concomitant low coercivity. A higher degree of 

atomicc ordering is achieved after longer ageing time. At the same time, also grain 

growthh of the fct particles occurs, leading to a higher anisotropy and initially also to 

aa larger coercivity. Upon prolonged ageing time, the atomic order is further improved. 

However,, further grain growth results in a deterioration of the coercivity, because 

thee latter depends on the particle size. 
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Forr the aged samples, for example after ageing at 625 °C for 1 h, the initial 

susceptibilityy is small compared to the as-quenched sample (see Fig. 4.10). This is 

ann indication that the high value of coercivity in Fe-Pt alloys originates from pinning of 

domainn walls. 

Besidess the occurrence of a high coercivity, it is worth to note that, in most 

agedd samples, the remanence ratio mr is between 0.65 and 0.7 which exceeds the 

theoreticall  value of 0.5 for a single-phase isotropic magnet [10]. This remanence 

enhancementt is evidence for the occurrence of exchange coupling in these alloys. 

Thiss is confirmed by the TEM results presented in Section 4.3.1.2. The microstructure 

off  the samples aged for a suitable time, for example at 625 °C for 1 h, consists of 

orderedd fct particles alternating with disordered fee regions. In combination with the 

magneticc measurements, we attribute the remanence enhancement observed in Fe60Pt4o 

too exchange coupling of the soft-magnetic fee matrix with the nano-size hard-magnetic 

fctt particles. This will be further discussed in Section 5.4 of Chapter 5. 

Thee best hard-magnetic properties are observed for the Fe60Pt4o sample after 

ageingg at 625 °C for 1 h. This material has a remanence Br of 0.97 T, an intrinsic 

coercivityy BHC of 294 kA/m and an energy product (BH)mM of 118 kJ/m3 (or 

14.88 MGOe). The alloy Fe67Pt33 displays soft-magnetic properties and also shows 

reasonablee mechanical properties. 

Thee maximum 

aroundd 350 °C in the 

M(T)M(T) curve in Fig. 4.16 

iss due to the Hopkinson 

effect.. This effect is 

causedd by the rapid 

decreasee of the 

magneticc anisotropy 

justt below the Curie 

temperature. . 
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Fig.Fig. 4.18 Curie temperature as a function 
ofFeofFe content in as-quenched FexPtm_x alloys. 
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Thee Curie temperature of as-quenched FexPt10o-x alloys has been derived from 

thee TMA in Fig. 4.17 and is plotted in Fig. 4.18. The value of Tc monotonously 

decreasess with increasing Fe content, which will be discussed in Section 4.4. 

4.3.24.3.2 CoxPt100-x 

Likee the Fe-Pt phase diagram, also the diagram of Co-Pt, presented in 

Fig.. 4.19 [8], is characterised by a range of complete solid solubility at high 

temperatures,, with a disordered fee structure in which the Co and Pt atoms are 

statisticallyy distributed over the crystallographic sites. As mentioned already for the 

Fe-Ptt alloys, the fee phase is not suitable for permanent-magnet applications because of a 

loww magnetic anisotropy. When CoxPt10ox alloys are aged at lower temperatures, 

aa transformation occurs. Around the equiatomic composition, there is a transformation 

too the ordered fct structure (Ll 0 type). Because the fct phase has a high uniaxial 

magneticc anisotropy with the easy magnetisation direction along the c-axis, materials 

withh this structure may be suitable as permanent-magnet material. The Curie 

temperature,, around 450-500 °C of the fct-phase CoxPt1(K).x alloys, is significantly 

higherr than of FexPtioo-x alloys but the Curie temperatures are lower than those of 

thee fee CoxPt,oo-x phase. 

Kanekoo et al. [12] have reported that hard-magnetic properties of 

thee equiatomic CoPt are obtained when the first homogenisation process at 1000 °C 

iss followed by two ageing processes at 700 "C and 600 °C. The first one is kept 

sufficientlyy short to prevent overageing. The authors suggest that, in the ageing step 

aroundd 700 °C, fine fct particles precipitate from the fee matrix whereas the second 

stepp at 600°C is necessary for improving the atomic order in the fct phase and for grain 

growth.. In this way, the magnetic anisotropy is increased. 

Inn the following, we will present studies on the structural, mechanical and 

magneticc properties of CoxPt]0o-x alloys with x from 45 to 55 at. %. 

4.3.2.14.3.2.1 Crystallographic structure 

Inn Fig. 4.20, we present the XRD diagrams of as-quenched Co50Pt5o homogenised at 

10000 °C. In this XRD pattern, there are no superstructure reflections of the fct phase 
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inn contrast to as-quenched Fe6nPt4o- This indicates that the disordered fee phase can 

easilyy be obtained in Co5oPt5o by quenching from high temperature. 
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Fig.Fig. 4.20 XRD pattern of as-quenched CoS0Pt50. 
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F/'g.. 4.2/ A7?D patterns of Co50Ptso aged at 650 ° C for different times. 

Thee effect of heat treatment on the crystallographic structure of Co5oPt5o is 

studiedd on samples aged at 650 °C for different times from 0.5 h to 5 h. The XRD 

diagramss of the various aged samples are shown in Fig. 4.21 with the ageing time 

indicatedd above each XRD pattern. With increasing ageing time, the intensity of the fee 

reflectionss decreases and splits into fct reflections, for example the (200)-fcc reflection. 

Thee appearance of the fct reflections is proof for the fec-fet phase transformation. 

4.3.2.24.3.2.2 Microstructure 

Thee microstructure of as-quenched Co5oPt5o is investigated by optical microscopy and 

presentedd in Fig. 4.22. The grain boundaries of the isotropic fee matrix are clearly seen, 

thee average grain size of the fee particles being smaller than 10 |im. 

Thee EPMA picture of Co50Pt5o is presented in Fig. 4.23 and confirms that 

thee sample is single phase. Its composition is found to be Co50.o(i.o)Ptso.o(i.o)-



Structural,Structural, mechanical and magnetic properties of binary T-Pt alloys ... 6£ 

Fig.Fig. 4.22 Optical-microscope picture of as-quenched CoS0Pt!: 

Fig.Fig. 4.23 EPMA ofCoS0Pt50with analysed composition ofCo500ll0)Pt 50.0(1.0}-50.0(1.0}-

Discussion Discussion 

Ass shown in Fig. 4.21, upon increasing ageing time, the (200) reflection of 

thee fee phase splits into the (200) and the (002)-fct reflections. This is also observed for 

thee other fee reflections such as (220) and (311). It forms the evidence for the 

occurrencee of the fec-fet phase transition in Co5oPt5o. During the heat treatment, 



66 6 ChapterChapter 4 

thee (002)-fct reflection shifts to a higher angle and the (200)-fct reflection shifts to 

aa lower angle with respect to the position of the (200)-fcc reflection. When the ageing 

timee is increased, an increase of the fct grain size can indirectly be observed from 

thee decrease of the line width, for example of the (OOl)-fct reflection. 

Fromm the XRD results, we have derived the lattice parameters of the as-

quenchedd and aged samples as shown in Fig. 4.21. The lattice parameters, and the 

derivedd unit-cell volumes Vce]h are also presented in Table 4.4. During the fcc-fct phase 

transition,, the lattice parameter a increases while c decreases, indicating that the unit 

celll  expands along the a-axis and contracts along the c-axis. A net volume contraction 

off  Vcel| is observed as well. 

Tablee 4.4 Lattice parameters of as-quenched and aged Co50Pt: 

Sample e 

as-quenched d 

6500 °C, 0.5 h 

6500 °C, 1 h 

Structure e 

fee e 

fct t 

fct t 

«(A) ) 

3.7622 3 

3.7822 4 

3.7877 4 

c(A) ) 

* * 
3.7133 3 

3.6999 6 

Vcel.. (A3) 

53.244 2 

53.111 6 

53.055 0 

4.3.2.34.3.2.3 Mechanical properties 

InIn Fig. 4.24, we present the hardness as a function of the Co content in CoxPt,oo-x 

alloys.. After ageing, the hardness of the aged samples has improved compared to the 

as-quenchedd samples. The hardness values for the aged sample are about 350 

(inn Vickers units), which is acceptable for mechanical requirements. 

Figuress 4.7 and 4.24 shows that FexPt100-x alloys exhibit a higher hardness 

thann CoxPt|oo-x alloys. Also, the hardness of CoxPt]0o-x alloys is less dependent on the 

compositionn of the 3d metal than that of FexPt]00-x alloys. 

4.3.2.44.3.2.4 Magnetic properties 

a.a. Permanent-magnet properties 

InIn Fig. 4.25, we present the hysteresis loops of as-quenched Co5oPt5o together with the 

loopss of samples aged at 650 °C. The initial susceptibility of the virgin magnetisation 
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curvee is very large for the as-quenched sample, in contrast to the low value for the aged 

samples,, as depicted for the sample aged at 650 °C for 1 h. There is no hysteresis in the 

loopp of the as-quenched sample. This indicates that the sample only consists of 

disorderedd fee phase. The remanence ratio mr - MJMST is as high as 0.7 to 0.75, much 

higherr than the value of 0.5 expected for a single-phase isotropic 

magnett [10]. 
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Fig.Fig. 4.24 Hardness of as-quenched and aged CoxPtl00.x. 

.0 0 

Fig.Fig. 4.25 Hysteresis loops of as-quenched CosoPt5o 

andand after ageing at 650 °Cfor various times. 
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Fig.Fig. 4.26 Demagnetising behaviour of CoS0PtS0 aged at 650 °Cfor 1 h. 

Inn Fig. 4.26, plots of the magnetic polarisation J (open symbols) and the flux 

densityy B (closed symbols) are shown as a function of the demagnetising field for the 

samplee aged at 650 °C for 1 h. The remanence is Br = 0.72 T and the intrinsic 

coercivitiess derived from J(H) and B(H) curves are jHc = 435 kA/m and 

BBHHCC = 378 kA/m, respectively. 

Wee have analysed the magnetic properties of CoxPt10o-x alloys that have been 

agedd at different temperatures for different times. For the equiatomic alloy Co5oPt5o, 

thee heat treatment has also been carried out at different ageing temperatures and ageing 

times.. As shown in Fig. 4.27, the Co50Pt5o sample aged at 650 °C for 1 h displays the 

bestt hard-magnetic properties: Br - 0.72 T, BHC = 378 kA/m, (fi//)max = 89.4 kJ/nr and 

mmrr = 0.79. The coercivity of this alloy is higher than the coercivities observed in 

FexPt10o-xx alloys, which are in the range 300 kA/m. The remanence, however, is smaller 

thann that of aged Fe60Pt40. 

Forr the alloy with x = 45, the results indicate that the properties of this alloy 

agedd at 700 °C for 10 minutes have improved to Br = 0.63 T, BHC = 314 kA/m, 

(B//)max== 67 kJ/m and mr = 0.74. The coercivity is comparable to the values of 

FexPtIOo-xx alloys. After ageing at 600 °C for 2 h, the alloy with higher Co content, 
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xx = 55, displays good hard-magnetic properties: Br = 0.72 T, BHC = 224 kA/m, 

(fi/f) maxx = 66 kJ/m3 and mr = 0.70. 

0.8 8 

0.7 7 

0.6 6 

0.5 5 

0.4 4 

400 0 

300 0 

200 0 

100 0 

80 0 

60 0 

40 0 

20 0 

0 0 

••  B r  (T ) 

• J t I t ^ ^ ^ 
_A A 

A. . 
A A 

A A 
ê ê 

..  • 
• • 

''  A 

BHcc  (KA/m ) 

--•—600° C C 

— •—— 650° C 

AA 700° C 

(BH) m axx  (kJ/m 3) 

~ "7^~^^ 2 2 

i i 

0.7 5 5 

0.7 0 0 

0.6 5 5 

0.6 0 0 
400 0 

350 0 

300 0 

250 0 

200 0 

90 0 

80 0 

70 0 

60 0 

Ageingg time (h) 

Fig.Fig. 4.27 Effect of the ageing conditions on 

thethe magnetic properties ofCo50PtS0. 

Br (T ) ) 

AT AT 

--
1 1 

_BHc(kA/m ) ) 

• ^ ^ 

" " 

--
.(BH)_(kJ/m 3) ) 

• • 

ii  i 

^» » 

i i 

A A 

1 1 

• • 
1 1 

i i 

455 50 55 
Coo conten x (at. %) 

Fig.Fig. 4.28 Effect of the Co content on 

thethe magnetic properties ofCoxPtl00_x alloys. 

Inn Fig. 4.28, we present the magnetic properties of CoxPt]0o-x alloys as 

aa function of Co content. As mentioned above, the best hard-magnetic properties are 

achievedd for Co5oPt5o aged at 650 °C in 1 h. 

b.b. Temperature dependence of the magnetic properties 

Thee thermomagnetic analysis (TMA) above room temperature of Co50Pt5o has been 

performedd in a Faraday balance in a magnetic field of 0.05 T. The results are presented 

inn Fig. 4.29 for the as-quenched sample and for samples aged for different times 

att 650 °C. 

Thee Curie temperature of as-quenched Co50Pt5o determined as the minimum of 

thee derivative dMIdT is 556(5) °C. This value is significantly higher than the 
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Curiee temperature of as-quenched and aged Fe6oPf4o, a difference that is common for 

Coo and Fe alloys. After ageing at 650 °C for different heating times, TMA was carried 

outt on the aged samples. The results show a shift of Tc to lower temperatures from 

536(5)) °C to 487(5) °C when the ageing time increased from 0.5 h to 5 h. For the 

ageingg time longer than 0.5 h, a clear maximum around 500 °C is observed. 
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Fig.Fig. 4.29 TMA on as-quenched and aged Co50PtS0. 

Co5oPt5oo aged at 650 °C for 1 h shows the best hard-magnetic properties and is 

thereforee used for further analysis. From the hysteresis loops in fields up to 5 T and in 

thee temperature range from 5 K to room temperature, we have determined the 

temperaturee dependence of the hard-magnetic properties as depicted in Fig. 4.30. The 

derivedd values for the temperature coefficients a for Br and /? for BHC are listed in 

Tablee 4.5, together with the results obtained before on aged Fe6oPt4o- We also have 

calculatedd the temperature coefficient for (B//)max, y = -0.04 %/K. 

Inn Table 4.5, the temperature coefficients of some commercial permanent 

magnetss are listed [13]. Compared to other permanent magnets, we see that the Co-Pt 

andd Fe-Pt permanent-magnet materials display stable characteristics for temperature 

variations,, which is a necessary condition for applications. 
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Fig.Fig. 4.30 Temperature dependence of the hard-magnetic properties of aged CoS0Pt 

Tablee 4.5 Temperature coefficients of some permanent magnets. 

Permanentt magnet 

Fe60Pt4o o 

Co5oPt5o o 

AINiCo o 

ferrite e 

SmCo5 5 

R2T17 7 

R2T]4B B 

a(%/K) ) 

-0.03 -0.03 

-0.01 1 

-0.02 2 

-0.20 0 

-0.045 5 

-0.03 -0.03 

-0.13 -0.13 

P(%IK) P(%IK) 

-0.12 2 

-0.10 0 

--

-0.27 7 

-0.4 4 

-0.2 2 

-0.6 6 

Discussion Discussion 

Fromm the small initial susceptibilty of Co5oPt5o aged at 650 °C for 1 h {see Fig. 4.25), 

wee can deduce that the high coercivity in Co-Pt alloys originates from pinning of 

domainn walls. 

-i-i  ' 1 ' r 

(BHWkJ/m 3 3 

_ii . i i i i i_ 
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Inn Figs. 4.25 and 4.27, it can be seen that the remanence and the coercivity of 

thee alloys are improved by ageing. This can be explained in terms of an increase of the 

magneticc anisotropy and by the development of an appropriate microstructure of the 

phasess in the materials during the ageing. 

Thee remanence ratio mr of Co5oPt5o is between 0.7 and 0.75, which exceeds 

thee theoretical value of 0.5 [10]. This remanence enhancement provides evidence for 

thee presence of exchange coupling in these alloys as mentioned above for Fe-Pt alloys. 

Thoughh TEM analysis was not performed on this sample, we still can indirectly 

confirmm this assumption by taking the XRD analysis into account. For the sample aged 

forr a suitable time at 650 °C for 1 h, the XRD pattern in Fig. 4.21 shows the 

coexistencee of disordered fee and ordered fct phase. In combination with magnetic 

behaviourr we attribute the remanence enhancement observed in Co-Pt alloys to 

exchangee coupling of the soft-magnetic fee phase with the hard-magnetic fct phase. 

Thee maximum in the temperature dependence of the magnetisation below 

Curiee temperature around 500 °C is due to the Hopkinson effect, as discussed already 

beforee for Fe-Pt alloys {see Section 4.3.1.4). 

4.3.34.3.3 Other TxPtl00.x alloys 

Wee have briefly investigated some TxPtioo-x alloys in which T is different from Fe 

orr Co. First, we present results on Cr^Pt^.,; alloys with x = 35, 40 and 45 at. %. These 

compositionn have been collected because in the phase diagram a disorder-order 

structurall  transition taking place around these values. 

Thee alloys with x = 35 and 45 show paramagnetic behaviour in the as-

quenchedd and aged states. As-quenched Cr40Pt60 is also paramagnetic. However, the 

magneticc properties of Cr^Pt ô are enhanced by ageing, followed by slowly cooling. 

Fig.. 4.31 shows hysteresis loops measured on a sample aged at 600 °C for 1 h and then 

cooledd in the furnace. The potential permanent-magnet properties, however, are 

inferiorr compared to the TxPt|oo-x alloys with T = Fe and Co. 

Alsoo Ni50Pt5o and Mn50Pt5o alloys have been briefly investigated. These 

sampless show paramagnetic behaviour as presented in Fig. 4.32. 
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Fig.Fig. 4.31 Hysteresis loop of as-quenched Cr40Pt60 and after ageing at 600 °Cfor 1 h. 
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Fig.Fig. 4.32 Hysteresis loop ofNi50Pt50 and MnS0PtS0 after ageing at 600 °C. 

4.44 Conclusions 

Inn this chapter, we have studied the crystallographic structure, 

thee microstructure, the mechanical and the magnetic properties of T-Pt alloys in which 

TT is a 3d metal. In this section, we will concentrate on the thermomagnetic properties 

off  Fe-Pt and Co-Pt alloys. 
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Inn general, the magnetic behaviour of an alloy of a T element (T = 3d metal) 

andd another element can be described in terms of a molecular-field model. In such 

aa model, amongst others, two parameters play an important role. The first is the 

numberr of T nearest neighbours to a T atom, denoted by Z77-. The second is the 

exchangee interaction between the T atoms, denoted by AJJ. 

Inn the disordered fee phase of T-Pt alloys (T = Fe or Co), the degree of the 

atomicc ordering is very low. During the disorder-order transformation, the atomic order 

increases.. In an equiatomic T50Pt50 alloy with ideally ordered fct structure, the T and Pt 

atomss are found in separate alternating layers stacked along the c-axis of the tetragonal 

structure.. In the case of the completely disordered fee structure, each lattice site 

hass 12 nearest-neighbour sites that are statistically occupied by T and Pt. Hence, 

aa given T atom has as an average Z ^ = 6 nearest neighbour T atoms. However, in the 

casee of the perfectly ordered fct structure, each T atom has only Z77- = 4 nearest-

neighbourr T atoms. 

AA similar situation exists for Fe6OPt40, i.e. a given Fe atom has more nearest Fe 

neighbourss in the disordered fee structure than in the ordered fct structure. The results 

shownn in Fig. 4.18 make clear that in the considered concentration range of the 

FexPtioo-xx alloys, a smaller number of Fe neighbours to an Fe atom leads to a increase 

inn Tc. This fact already partially explains the increase in Tc when going from fee to fct. 

However,, another effect also needs to be taken into account. In the fec-fet 

structurall  phase transition, the crystallographic unit cell is expanded along the a-axis 

andd contracted along the c-axis of the tetragonal structure. The distance between the T 

atomss in the fct phase, is therefore slightly larger than that in the fee phase. Moreover, 

thee fee phase is atomically disordered whereas the fct phase is atomically highly 

ordered.. This change in atomic order and to a certain extent also the increase in the T-T 

nearestt distance leads to a reduction of the bandwidth of 3d electrons of the T element. 

Consequently,, the splitting between the spin-up and spin-down subbands of the 3d 

electronss increases [14, 15], meaning that effectively the exchange interaction 

parameterr AJT increases. This latter factor leads to a higher Curie temperature of the fct 

phasee compared with the fee phase. In other words, the fec-fet transformation in T-Pt 
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alloyss leads to a decrease of Zjy but to an increase of An- Both changes may lead to an 

increasee of the Curie temperature in the Fe-Pt alloys. 

Inn CoxPt|oo-x alloys, the dependence of Tc on Co concentration is opposite to 

thatt of FexPt10o-x alloys [9]. Apparently, in the Co alloys, a smaller number of Co 

neighbourss leads to a lower Tc. The gradual shift to lower value of the Curie 

temperaturee in aged Co50Pt5o sample upon increasing ageing time can than easily be 

explainedd as follows. The analysis given above {see Sections 4.3.2.1 and 4.3.2.4) 

showss that as-quenched Co50Pt5o only consists of the disordered fee phase. In this 

phase,, the degree of atomic ordering is very low and ageing leads to a significant 

increasee of the amount of the atomically ordered fct phase. The number of Co nearest 

neighbourr to a given Co atom decreases and hence Tc decreases. Apparently, in 

CoxPt,oo-xx alloys, the effect of ACoco is of minor importance compared to that of ZCoc<>-

Thee experimental results indicate that Fe-Pt and Co-Pt can be used as 

materialss for permanent magnets. The best hard-magnetic properties are obtained for 

Fe6oPt400 after homogenisation at 1325 °C for 1 h, followed by ageing at 625 °C for 1 h: 

BBrr = 0.97 T, BHC = 294 kA/m and the energy product (fi//)max =118 kJ/m3; and Co50Pt50 

agedd at 650 °C for 1 h: Br = 0.72 T, BH, = 378 kA/m, (fltt)max = 89.4 kJ/m3. The high 

valuee of the coercivity in Fe-Pt and Co-Pt alloys originates from the pinning of domain 

walls.. Furthermore, the change in the coercivity depends on the degree of atomic 

orderingg of the Fe and Pt atoms in the fee and fct structures and on the fine 

microstructuree of the fct particles. The remanence enhancement in Fe-Pt and Co-Pt 

alloyss is related to the exchange coupling between the soft-magnetic fee phase and 

thee nano-size hard-magnetic fct particles. 

Bothh Fe-Pt and Co-Pt display good mechanical properties that can meet the 

requirementss for permanent-magnet applications. Due to its higher potential 

permanent-magnett application, we choose Fe6oPt4o for further analysis in the 

followingg chapter. 
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