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The influence of magnetic field intensity and temperature @rstic and magnetic pro-
prieties was considered. Measurements were conducted wtrasonic wave frequency of
3.6 MHz, by a pulse method using the MATEC apparatus. Theciiine of ultrasonic wave
propagation was parallel to the direction of the externagimetic field. The magnetic field
range was 10-150 kA/m. The studies were performed for ateeléemperatures. The results
of this experiments suggested that in magnetic fluids therelifferent effects connect with
restructuring this fluids.
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1. Introduction

Ferrofluids show very interesting properties under an external niadiedd. It has
been established that an external magnetic field induces structurgleshiamnthe mag-
netic liquid stimulating formation of the so-called clusters or chain-like. Thiegss
depends on the changes external magnetic field intensity. This paetsrepstudy
of the effect of temperature and magnetic field intensity on the absorpiefficGent
of ultrasonic waveAq, extended on the results of magnetic properties measurements
studing ferrofluids.

2. Acoustic properties of magnetic liquids

In this measurements ferrofluids (colloidal suspension of magnetiiclea) with
organic carrier liquid were used. Table 1 shows specification sheetaafted ferroflu-
ids. The experiments contain measurements of changes in the ultrasau@absorp-
tion coefficientAa in function of magnetic field intensity and the temperature of the
magnetic fluid. Results of this experiment regarded the magnetic fluid pistbich



154 P. REGULSKA, A. SKUMIEL, A. JOZEFCZAK

was studied by several authors for exampleT@H and GHUNG [1]. This phenomenon
suggests that a part of the cluster formation of colloidal paticles in the aetiadgtuid
under the magnetic field remains after a removal of the field.

The changes of absorption coefficient of the ultrasonic wave in thefligid sub-
jected to an external magnetic field was measured by the pulse methdthgfer-
rofluid studied was placed in a special measuring cell containing two patralfes-
ducers (emitter and receiver) distanced at 1.527 cm. The cell watetbbetween the
electromagnet pole pieces. The value of measurement error is Haout

Table 1. The physical parameters of the ferrofluid samples (FerfpTec

saturation | dynamic densit ; th | .
sample | magnetization| viscosity ;;l%y fur ace gmla it po_ut[ exp{arn_smrt]
(25°C) n (27°C) ( ) ension conductivity | point | coefficien
mT mPas |kgm2 | N-m?! | mwm?!K?!'| °C | 10*K!
APG 832 224+ 10% 200 1050 0.03 150 -51 7.50
APG 833| 22+ 10% 500 1060 0.03 150 —44 7.50
APG 834 | 22+ 10% 1000 1070 0.03 150 -37 7.50

3. Results and discussion

Figure 1 presents the ultrasonic wave absorption coefficient chasges$uaction
of temperature subjected to an external magnetic field of 50 kA/m for thefli@ds:
APG 832, APG 833, APG 834. With increasing temperature the acoustie al@sorp-
tion coefficient decreases, that is in consistence with theoretical predigiiis effect
cannot fully explain the temperature dependence of the ultrasonic Wwavemion coef-
ficient [3] on viscosity. Additional increase &« is most probably caused by other fac-
tors such as scattering of the ultrasonic waves on magnetic particles andubters.
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Fig. 1. Ultrasonic wave absorption coefficient changes asetion of temperature subjected to an external
magnetic field of 50 kA/m.
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The next experiment concerns the measurements of changes in #sonitrwave
absorption coefficienA« as a function of magnetic field intensity changes for the con-
stant temperature. Figures 2 and 3 present the results of this experifoedifferent
sweeping times, when the ferrofluid temperature was constant.
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Fig. 2. Changes in thA« as a function of magnetic field for sweeping titme- 10 min and the tempera-
ture: a)T' = 20°C and b)T" = 50°C.
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Fig. 3. Changes in thA« as a function of magnetic field for sweeping time: 5 min and the temperature:
a)T = 20°C and b)T" = 50°C.
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This measurements show that for rapid changes of magnetic fieldgsrot®a was
slow, this means that restructuring of magnetic fluid could not keep up wvatmetic
field changes. For longer value of sweep times the clusters can bedofine results
presented on the above figures, shows that viscosity of ferrofluglarhkarge influence
on the value of ultrasonic wave absorption coefficient. For example Fspof/s the

achievements oA\« for ferrofluids with different viscosity (Table 1). The observations

show, that values of ultrasonic wave absorption coefficient are biggeragnetic liquid
with higher viscosity. With an increasing temperature the viscosity of the etagiuid
decreases [4] and this is why clusters were easy formed. For low tatapes, high
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viscosity hampers movement of particles. Thus the viscosity of the ntiaghed is
possibly the factor responsible for cluster formation.

4. Magnetic properties of magnetic liquids

Several models based on orientation process of magnetic momentpearfsdid par-
ticles are used to describe ferrofluid magnetization. When ferrofluids hat very
big magnetic particles concentratidn, resultant magnetization of the sample can be
recognised as a superposition of elementary Langevin function, westrides parti-
cles fraction of suitable dimension.

Taking into account the dependence of magnetic moments on magnetieteiam
the magnetization can be written in the form [5]:

r 1
My = [ m@) L) f@ydr, L) = (cothe 1),
’ O/ (3 ) "
Ea) = LT miz) = ",

where M, — spontanic magnetization of the magnetite particles (= 446 kA/m),
&y — volume concentratior,(£) and¢ is the Langevin function and their parameter,
m — magnetic moment of the particleg(z) — the distribution function of magnetic
diameterr, H — the strength of the magnetic fiekd = 1.38 - 10~23 J/K — Boltzmann’s
constant]’ — the absolute temperatuge, = 4 - 7 - 10~7 H/m, n — the number density
of particles.

Figure 4 present magnetization of the magnetic fluid samples as a funtticage
netic field intensity changes (for two ferrofluids: APG 832 and APG 833).
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Fig. 4. The magnetization/, as a function of magnetic fielf for samples APG 832 and APG 833.

Figure 5 shows differential magnetic susceptibility as a function of magfietit
intensity changes in ferrofluids: APG 832 and APG 834. Fitting function afjmetic
susceptibility to measurement results makes it possible to evaluate the sizerafje
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magnetic core in the ferrofluids [6]:
d= ¢ ——. 2
Table 2 shows the results of the size of average magnetic diameter.

Table 2. Magnetic diameter for ferrofluids.

Sample APG 832 | APG 833 | APG 834
magnetic diametef 13.2nm | 13.6 nm | 13.9nm
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Fig. 5. Experimental values of differential magnetic sysitglity in ferrofluids APG 832 and APG 834
and the theoretical functions best fitting them.

5. Conclusion

The changes in ultrasonic wave absorption coefficient are influengékebtem-
perature of the magnetic liquid. In ferrofluids ultrasonic wave absorpaefficient
decreases with increasing temperature. The reason of these cliatigetemperature
change in viscosity, monotonously decreasing with increasing tempeaur#tis possi-
ble that the viscosity of the magnetic fluid is the factor liables for cluster fbomarhe
reconstruction process of the magnetic fluid structure is mainly deterrojnethgnetic
interactions. In addition, magnetic measurements makes it possible tatevtia size
of average magnetic core in the ferrofluids, which participate in proolessstructur-
ization.

Performance measurements of changes in the ultrasonic wave @trsogefficient
in function of magnetic field intensity and the temperature were only the inttimou
to the next study ofAa. In the future the results were developed by the measurements
of changeg\« in function of frequency.
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