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Chapterr 3 

Experimentall methods 

3.11 Sample preparation 

Thee technique of producing magnetic materials with a uniform 
distributionn of grains or particles that are smaller than 30 nm is a crucial 
criticall  part in the investigation of nanoscale exchange coupling. So far, the 
basicc methods of preparing nanomaterials are melt spinning, splat cooling, 
vaporr deposition, mechanical alloying and sputtering with subsequent 
annealing.. Another method is precipitation of nanophase by means of phase 
transformationn during annealing. In the present thesis, the methods of the 
meltt spinning and the precipitation of nanophase have been used to prepare 
samples. . 

3.1.11 Melt-spinning 

Thee amorphous ribbons that have been subject of the present thesis 
weree made by means of the melt-spinning technique. Starting ingots of 
compositionn Nd4-xSmxFe77.5Bi8.5 with x = 0.0, 0.1, 0.2, 0.3, 0.4 and 0.5 
weree prepared. All constituting elements, which were of at least 99.9 wt% 
purity,, were melted together in a "water-cooled copper-boat" induction 
furnacee under purified-argon-atmosphere (400 mbar) protection after 
evacuationn to 1 x 10~5 mbar. The ingots were re-melted at least four times to 
ensuree homogeneity. An excess amount of Sm of 10 wt% was added to 
compensatee for the vaporization loss of Sm during the induction melting 
andd the melt-spinning procedure. Pieces of about 5 gram of the master alloy 
weree melt spun from a quarts tube with an orifice diameter of about 0.6 mm 
ontoo a rotating copper wheel at a speed of 40 m/s in a high-purity argon 
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22 2 Chapterr 3 experimental methods 

atmospheree (Fig. 3.1). The ribbons made in this way are about 15 urn in 
thick,, 1 mm wide, and 5 - 10 cm long. 

argon n 
electromagneticc valve 

quartzz jet tube 

meltingg alloy 

quartss vacuum chamber 

manuall  elevator 

pumpp vacuum 

copperr wheel 

vacuumm chamber 

Fig.. 3.1 Schematic representation of the melt-spinning machine. 

3.1.22 Casting of bulk samples 

Al ll  CoPt and Fe59.75Pt39.5Nbo.75 alloys studied in the present thesis 
havee been prepared from 99.9 wt% pure cobalt, iron, platinum and niobium 
byy arc melting in an atmosphere of purified argon. The ingots were re-
meltedd at least four times to ensure homogeneity and then the molten alloy 
wass cast into a water-cooled copper mould having the form of a thin 
cylinderr (1.5 mm in diameter). Due to the strong toughness of the alloys it 
iss impossible to grind the bulk samples into powder for X-ray-diffraction 
measurement.. Therefore, the cylinder-shaped as-cast ingots were pressed 
intoo plates about 400 urn thick, 3 mm wide and 10 mm long. 

http://Fe59.75Pt39.5Nbo.75
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3.1.33 Annealing 

Al ll  as-spun ribbons and as-cast plate-like samples were sealed in 
quartzz tubes with 100 mbar purified-argon gas inside. When the 
temperaturee of the electric furnace reaches the set value (400 °C-1350 °C), 
thee samples were put into the furnace for the required time, and then taken 
outt to be cooled down in ice water or in air. The exact annealing 
temperaturee and annealing time and the way the various samples have been 
cooledd will be presented in detail in the relevant chapters. 

3.22 Structure, microstructure and phase analysis 

3.2.11 X-ray diffraction 

Thee phase composition and phase transformation of the samples 
weree examined by means of X-ray diffraction. The X-ray-diffraction 
(XRD)) patterns were taken with a Philips PW 1050/37 diffractometer, 
usingg Cu Ka radiation. A diffraction angle range of 20 between 20° and 90° 
wass chosen using a 0.02° 15 s continuous scanning speed. The Gufi4 
program11 was used to subtract the background and remove the data of Cu 
Kci22 radiation. The reflections were indexed and the phases were 
determinedd by comparing the experimental positions and intensities of the 
reflectionss with the corresponding standard patterns described in Ref. 2. 
Thee mean grain size in the samples was evaluated from the XRD line 
broadeningg by means of the program of Dahlgren et al.3 The melt-spun 
ribbonss were ground into fine powder for XRD. For the plate-like samples, 
thee XRD just comes from the flat surface of the samples. For some samples 
withh larger grain size that were homogenized at high temperature, some 
intensitiess deviate from those of the standard patterns. 

3.2.22 Transmission electron microscopy 

Inn order to investigate the structure and microstructure of the 
materialss investigated, transmission-electron-microscopy (TEM) 
observationss were performed using a Philips EM400T electron microscope 
att an accelerating voltage of 150 kV. Fig. 3.2 shows the basic principle of 
electronn microscopy imaging and diffraction. A parallel beam of electrons 
acceleratedd by a voltage Vo is transmitted through a specimen (thin foil) 
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andd is diffracted in a number of directions by the crystal. The diffracted 
electronn beams are brought into focus in the back focal plane of the 
objectivee lens, forming a diffraction pattern that can be magnified and 
studiedd if subsequent lenses in the microscope are arranged to focus on the 
backk focal plane of the objective. The diffraction pattern consists of a two-
dimensionall  array of spots corresponding to a particular set of reflecting 
planes.. From the diffraction pattern one can approximately derive the 
interplanarr spacing by means of the equation 

dd = LA/r (3.1) 

whichh is derived by Bragg's law. Here L is distance between specimen and 
focall  plane, A, is the wave length of the electron beam that depends on the 
accelerationn voltage, and r is the distance of a diffracted spot and the center 
spott on the back focal plane. LA is called the apparatus constant. In the 
presentt TEM experiments, the apparatus constant LA. equals 18.7. The 
objectivee lens also forms an image of the lower surface of the specimen in 
thee image plane. This image can be magnified subsequently by other lenses 
off  the instrument and is finally projected onto the fluorescent screen. Since 
aa set of planes participating in the diffraction is perpendicular to the 
directionn from the diffracted spot to the central spot, one may also find 
somee special crystallographic directions in image. Using the transmitted 
electronn beam forms a bright-field image and using a diffracted electron 
beamm forms a dark-field image. 

-- image plane 
projectionn lenses 

fluorescentt screen 

Figuree 3.2 Electron microscope image and diffraction 
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Thee ion-reduction method was used to make thin foils of the Nd-Fe-
BB ribbons for TEM. In the ion-reduction process, Ar atoms are ionized and 
acceleratedd by a high voltage. Then, the Ar ion beam bombards and reduces 
aa rotating inclined surface of the specimen which is mounted over a 
cooling-welll  of liquid nitrogen. The Co-Pt and Fe-Pt specimens were first 
mechanicallyy reduced and then electrolytically polished at room 
temperaturee in concentrated HC1 using an alternating voltage of 8 V. 

3.33 Magnetic measurements 

3.3.11 A.C.-susceptibility measurement 

Thee temperature dependence of the a.c. susceptibility, which is used 
forr the determination of the Curie temperature, spin-reorientation 
temperaturee and phase-transformation temperature, was measured by 
makingg use of home-built equipment at the Institute of Metal Research at 
Shenyang,, P.R. China. The detection system and the heating system are 
shownn in Fig. 3.3. In this apparatus, the sample is mounted in the center of 
thee detection system and in an atmosphere of purified argon. An alternating 
voltagee (1.12 kHz, 0.974 V) is supplied to the magnetic-field coil to 
generatee an a.c. magnetic field (1.98 x 10"6 T) in the center of the system. 

' ' 

ZZ Z 

z; ; 

P P 3 3 
9 9 
4 4 
5 5 
6 6 

7 7 
8 8 

1 0 0 

Fig.. 3.3 Schematic representation of the a.c. susceptibility equipment 1 .Quartz 
tube,, 2. Sample holder, 3 Sample rod (quartz tube), 4. Heating coil, 5. Asbestos, 6. 
Asbestoss cloth, 7. Detection coil, 8. Magnetic-field coil, 9. Compensation coil, 
lO.Thermocouple. . 
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Att the same time, an induction voltage is generated in the detection coil, 
whichh is counteracted by a compensation coil. The latter is oppositely 
woundd with respect to the detection coil and connected with it in series. 
Thee detection coil picks up an induction signal that comes from the 
magneticc sample in the a.c. magnetic field. The induction voltage, which is 
proportionall  to the a.c. susceptibility Xac, is amplified by a lock-in amplifier. 
Thee signal of the thermal-couple is amplified by a temperature converter. 
Thee Curie temperatures were determined by taking the minimum value of 
thee derivative of the &c vs T curve. The a.c. susceptibility is not calibrated. 
Thee range of temperature measurement is from room temperature to 870 K. 

3.3.22 SQUID magnetometer 

AA Quantum Design MPMS-5S superconducting quantum-
interferencee device (SQUID) was used for the investigation of the 
macroscopicc magnetic properties of the samples. The d.c. magnetic field 
cann be varied between -5 and 5 T and the temperature between 1.7 and 400 
K.. The SQUID utilizes an extremely sensitive detection method that is 
capablee of measuring magnetization values in the range of 10"12 to 103 Am2 

withh an accuracy of 0.1 %. The magnetic field was applied along the length 
directionn of the ribbon samples and the plate-like samples, so that the 
demagnetizingg factor can be disregarded. 
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