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2.2.4.1.- Vibrating Sample M agnetometry

2.2.4.1.1.- Origins and fundamentals of the technique

The vibrating sample magneiometer (VSM) was invented independently by Van
Oosterhout and Foner in 1956 [46,47].

The principle of this magnetometer is to measure the dectromotive force induced by a
ferromagnetic sample when it is vibrating a a congant frequency, under the presence of a
datic and uniform magnetic fidd. According to Faraday's law, the eectromotive force
induced in a coil, Viem, is proportiona to the tempora variation of the magnetic flux passing
throughit:

df
= 2.6
fem dt ( )

where f isthe magnetic flux and t istime [48,49].

If we have a solenoid conggting of N turns of constant cross section A, the magnetic induction
indde the cail, B, can be written as follows:

B=—N (27)

One therefore obtains;

V.. =-NA— 2.8
fem dt ( )
Since the sample is vibrating, the moment can be congdered as m(t) = my sin(ft), where my
the moment amplitude and f is the frequency. Snce B = mgH + M, M = m/V and H is congtart,
dB/dt becomes dB/dt = (mpf/V)cos(ft).

Thus, the amplitude of the induced voltage is proportiona to the amplitude of the magnetic
moment of the sample:

erm I"l f mOG(Z) (29)
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where G(2) is a function that defines the dependence of Viem With respect to the sample
position in the holder relative to the coils and, hence, it depends on the design of the cails.

The VSM measures the difference of magnetic induction between one region of space
with the sample and ancther without the sample, thus dlowing cdculaion of the magnetic
moment, m, generally with asensitivity in the order of 5 x 10°® emu.

2.2.4.1.2.- Experimental M ethod and wor king conditions

The measurements have been carried out in an Oxford Instruments 1.2 VSM, a the
Laboratori de Propietats Magnétiques i termiques of the Universitat Autonoma de Barcelona
(seefigure 2.5).

Magnetic hysteresis loops can be performed up to 11 kOe, at different temperatures
between room temperature and 850 K. The magnetometer can work either in isotherma or
continuous heating regime. It is dso possible to measure the tempora or angular dependence
of the magnetization. The magnetic fidd is generated by an eectromagnet, with poles of 177
mm in diameter. The gap between the two polesis of gpproximately 40 mm.

Figure 2.5: Photograph of the vibrating sample magnetometer used in the present study
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The sample is located a the end of a rigid holder which is oscllated in the vertica
direction, perpendicular to the magnetic fiedd. The oscillation amplitude ranges from 1 to 2
mm and the frequency is67 Hz.

The osdillaions induce an AC sgnd on the sense coils, which, as has been shown, is
proportional to the magnetic moment in the sample. The VSM used in this work has, in fact,
four detection coils, oriented perpendicular to the magnetic fidd. This configuration dlows
better sengtivity and larger region of homogenaty. Shown in figure 26 is a schematic
diagram of the VSM.

Vibrator
Vibrator
» Control
Magnet I . Amplificator
Sample Temperature
Control
Magnet —
= Control
Magnet
Variable Sense COMPUTER
Temperature Coils
Furnace

Figure 2.6: Schematic diagram of the different components of the VSM

The powders are weighted, pressed into a smal quartz container and findly mounted
a the end of a rigid ceramic rod. This dlows measurements a high temperatures. To avoid
the movement of the powders insde the tube they are compacted using quartz wool. To get
optimum dgna the samples are previoudy centered in angle and height, applying a fidd of 2
kOe. Subsequently they are demagnetized usng a sequence of dternating decreasing fields.
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The hesat trestments were carried out under vacuum (10 mbar). Some technica specifications
and working conditions are the following:

Maximum Feld: 11 kOe

Magnetic field error: 2 Oe.

Magnetic fidd inhomogeneity: < 1%.
Temperature range: 300 — 850 K.
Temperature sengtivity: 0.1 K.
Vibration amplitude: 1.5 mm.
Vibration frequency: 67 Hz.

Sample weight: » 40 mg.

The VSM was cdibrated in magnetic moment and sample temperature. The magnetic
moment cdibration was caried out usng a Ni standard (sphere) with known saturation
megnetization (Ms = 544 emu/g). The temperaiure caibration was performed using
ferromagnetic dume and Ni sandards, with Curie temperatures of 438 and 627 K,

respectively.

2.2.4.2.- Extraction M agnetometer

2.2.4.2.1.- Origins and fundamentals of the technique

The physcad principles of this magnetometer are Smilar to the vibrating sample
magnetometer, i.e. it is dso based on Faraday’'s law. This technique has been used for a long
time, i.e. smple desgns were dready used in the late eighteen hundreds. In generd, when a
megnetic sample placed at the center of a coil is removed to far from the coil a voltage Viem IS
induced in the coil, which is the tempord derivative of the magnetic flux produced by the
sample (see equation 2.6) [49].

We can schematize the experimenta procedure in a very smple way as shown in
figure 2.7. When the solenoid is producing a magnetic field Hy and the sample is located at
point M (i.e. ingde the reading coil) the tota flux through the call is

F,=BA=(H, +4pM)A (2.10)
where A is the search coail (or sample) area (for smplicity, the demagnetizing field created by

the sample is neglected). If the specimen is moved to M’, then the find flux through the coil
will be
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F,=H.A (2.12)

The detected flux change will therefore be:

F,-F,=(-4p)MA (212)

Figure2.7: Schematic diagram of extraction method with solenoid

2.2.4.2.2.- Experimental M ethod and wor king conditions

The extraction magnetometer used in this work is located in the Grenoble High
Magnetic Field Laboratory (GHMFL). The magnetometer dlows measurements between 1.4
and 400 K in high DC magnetic fied, eg. 230 kOe, crested by Bitter magnets [50]. The
magnets are made from perforated copper “pancake’ segments which conditute a large
helica coil, cooled by a continuous flow of water & high pressure. This magnet conssts of
two concentric coils, each of them using an dectrica powder of 5 MW. The use of such large
magnetic fields was needed in order to ensure complete saturation of SmCos powders.

The M messurement rod is a smple thin sanless sed tube, supporting a plagtic
holder. A generd cross-section of the magnetometer in the Bitter magnet is shown in figure
2.8. The main characteridtic is a pneumatic jack which moves the sample between the two sets
of measuring coils.
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Figure 2.8: General cross-section of the extracting magnetometer

The sengitivity lies around 10° emu with a relative accuracy between 0.01 and 0.001
%. Standard isotherm M(H) or iso-fidld studies can be performed. In order to avoid movement
of the powders during magnetic measurements, they were tightly pressed and put into smal
plagic containers. The average weight of the samples measured was Smilar to that of VSM
measurements (i.e. 40 mg). In this experimenta setup the magnetic sample is placed in a

congant field between previoudy compensated pick-up coils connected in series-oppostion,
as shown in figure 2.9. The sample is then moved from one set of coils to the other. The
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electromotrive force induced when the sample goes out of one set of coils and enters the other
isintegrated and the Sgnd averaged to obtain the magnetization.
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Figure 2.9: The pick-up coils and sample configuration.

Hysteress loops were carried out in SmCos powders milled adone or with NiO or
CoO. The loops were carried out a room temperature, although some as-milled powders (of
SmCos milled done and with CoO) were dso fidd cooled (H = 50 kOe) and some loops were
performed a 100 and 30 K. Some technicd gpecifications and working conditions are the
falowing:

Maximum Field applied in the hysteresis loops. 230 kOe.
Magnetic field error: 10 Oe.

Temperature sengtivity: 0.5 K.

Sample weight: » 40 mg.
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