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1. Introduction

Magnetic fluids have found wide application in teclogy, medicine and other areas
to improve the properties of various materials. dlgling the magnetic nanoparticles to the
transformer oil their properties interesting in @wvelectronic technology can be improved
[1, 2]. The transformer oil-based magnetic fluide chave better insulating and thermal
properties. The aggregation effects of magneticoparticles in external magnetic field
strongly influenced on electric breakdown [3, 4].

Acoustic wave propagation in magnetic fluids wasd&td by several authors both
theoretically and experimentally [5-9]. They aldmwed that an external magnetic field has
big effect on the change of acoustic attenuatiohnis Tis caused by aggregation of the
nanoparticles of magnetic fluid along magneticdfielirection into oligomers, chains or
clusters [7, 9-12]. These shapes depend on botlctlpgparticle interactions represented by
the coupling constant and particle-field interagsipwhich are also important in computer
simulations [13, 14]. New information can be alédained from the study of the anisotropy
of acoustic attenuation coefficient as the funcidrthe anglep between the magnetic field
direction and the propagation direction of acoustawe. Two kinds of motions of structures
from ferrous colloidal nanoparticles in the fluidncbe then recognized. The first one is the
rotation motion and the second the translation emptivhich were analyzed by the model of a
vibrating sphere in the viscous fluid [10, 15, 16].

In this paper the interference of magnetic fieiishet and temperature on the structure
of magnetic fluids based on transformer oils MOGWihd TECHNOL with same
concentration but various diameters of nanopasdiale presented. The structure changes are
studied by acoustic spectroscopy, observed resoitdoth kinds of magnetic fluids are
discussed and compared.

2. Experimental results

Transformer oils MOGUL and TECHNOL were used asriearliquids for the
preparation of magnetic fluids for the investigatimny acoustic method. The magnetic fluids
used in experiments consisted of magnetite nanofest(FeOxFgD3) with the mean
diameter d = 7.9 nm and d = 11.1 nen<0.28 nm), respectively, coated with oleic acgdaa
surfactant and dispersed in individual transformoikr The basic properties of investigated
magnetic fluids, such as the density, saturatiogmaazation and volume fraction were equal
to 0.89 g/cm, 3.39 mT for 1% magnetic fluid based on MOGUL #n@i82 g/cm and 4,73
mT for 1% magnetic fluid (MF) based on TECHNOL. T&geed of ultrasonic wave and
viscosity term as a function of temperature for Mé@&sed on given transformer oil are
presented in Fig. 1. The ultrasonic wave absorpias measured for the frequency
12.65 MHz, as a function of magnetic field and ddferent temperature. The block diagram
of the experimental arrangement was used as iwaohie [10, 11].
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Fig.1The velocity (a) and temperature dependences wf (¢(3/7S+1V) (b) for various
concentrations of magnetic nanopatrticles in magnitid based on MOGUL and

TECHNOL.

Figure 2 shows the changes of acoustic attenuatimam the magnetic field is linearly
increased (3,3 mT per minute) to the maximal vao@ mT for MF MOGUL based on and
to the maximal value 200 mT for MF based on TECHN@®L the first sight it can be seen
that the observed results for both MFs have diffeidevelopment of change of acoustic
attenuation. The results indicate a significané@fiof magnetic field and temperature on the
acoustic attenuation. At the lowest temperatur@Cl,8he change of the acoustic attenuation
with magnetic field is very pronounced. There is #ignificant increase of attenuation with
increasing magnetic field. At higher temperatu@°C and 25°C, the developments of the
change of acoustic attenuation are only slight tionc of magnetic field. At these
temperatures large structures of nanoparticles atabe created and nanoparticles are

practically free or create small oligomers.
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Fig.2: The dependence of acoustic attenuation changdseoexternal magnetic field for MF
MOGUL (a) and MF TECHNOL (b) measured at variousperatures. Measurement at the
temperature 26C in case (a) is shifted +0.2 dB/cm for better tagon.

The measurement at the lowest temperature (15 f§, 2b) shows the largest
changes originated from the process of particlelomgegration, chains aggregation and
clusters creation. At this temperature the creaioclusters is more effective because Brown
thermal motion is not so effective to destroy thih At higher temperatures the thermal
motion increases resulting in decrease of both munamd size of clusters. The smaller
numbers of clusters induce the smaller change aiisdic attenuation. At temperature 20 °C
and 25 °C the changes of acoustic attenuation raedley. At the temperature 30 °C the
structure of clusters almost disappears and therihapf domains are practically free. The
influence of magnetic field on the acoustic atteéimmhappens small and as follows from our
results the majority of the particles are not iwea in the cluster structures [14, 17].

More information about arrangement of nanopartiaheés structures, their size and
density can be obtained from the analysis of thpeddence of the acoustic attenuation on the
angle ¢ between the acoustic wave vector k and the dmectf magnetic field B
(anisotropy). These parameters can be calculaiad tise suitable theory [16] that takes into
account both translational and rotational moveneséntanoparticles formations.
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Fig.3:Anisotropy measurement of the acoustic wave attemuéB= 200 mT)for (a)MF
MOGUL and (b)MF TECHNOL.

More information about arrangement of nanopartiahes structures, their size and
density can be obtained from the analysis of tlpeddence of the acoustic attenuation on the
angle ¢ between the acoustic wave vector k and the dmectf magnetic field B
(anisotropy). These parameters can be calculaiad tise suitable theory [16] that takes into
account both translational and rotational moveneséntanoparticles formations.

The results of anisotropy of acoustic attenuaticasared at magnetic field 200 mT
for four different temperatures of MFs are showifrig. 3. The measurements were made in
next steps: at the begin, the jump change of magfiekd was from value 0 mT to 200 mT
and next 120 minutes we waited for steady-stateenTat 200 mT, the angle between
direction of the magnetic field and the wave veabacoustic wave was changed by 10 Deg
to 90 Deg. The measurement of the acoustic attemuat new angle was done after 15
minutes of stabilization. The solid lines represtm theoretical fit of experimental data
using theoretical functions [10, 16], where mainapaetersK - constant of recovering force,

a - radius of clusterbl - density of clusters and volume concentratioalb€lustersvVxN) are
presented in Table 1 [10, 11, 12]. It can be shahthe changes of acoustics attenuation for
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MF TECHNOL are higher as MF MOGUL. The measuredsainopy has maximum value
whose position depends on temperature, however forlylower temperatures, for MF
MOGUL: 15 °C - 40°; for MF TECHNOL.: 20 °C - 45°, 2& - 50°.

Tab. 1Parameters describing magnetic fluids based onEH&EANOL and MOGUL obtained
from the fit of measured anisotropy data.

MF TECHNOL MF MOGUL

Temperature 20°C | 25°C | 30°C | 158C | 20°C | 25°C

4/3nstny 0.29 0.24 0.23| 03510.321|0.24
K N.m™] 2.3 0.55 0.24 1.5 1.1 0.5

a[nm] 50 34 24 71 20 16
10" N[m®]| 255 277 560 22,7 507 549
VXN % ] 0.33 0.11 0.08/ 0.34 0.17 0.09

3. Discussion

The interaction between the external magnetic fagld the magnetic moment of the
nanoparticle in magnetic fluids leads to the aggtieg of nanoparticles to new structures [6,
8, 10, 11]. These structures enlarge with the magfield and they have the influence on the
value of the acoustic attenuation. Its value ineesawith increasing magnetic field and at
decrease of magnetic field the speed of decregsendent on properties of magnetic fluids
[5, 12]. This effect can be explained by severabpeters. One of is the time constant of
creation of higher structures of nanoparticlesthepare temperature and viscosity of given
magnetic fluids.

The slow increase of magnetic field effects on s$treictural changes and by this
means the acoustic attenuation (Fig. 2). Therenugh time for gradual creation of
structures like: dimers, trimers and higher oligosneOn the basic of experimental
measurement we could say that for MF TECHNOL ankigtter magnetic field (> 200 mT)
in MF MOGUL long thin chains or clusters can beateel. However, these processes are
different in dependence on the size of nanopasti¢lEmperature and time for the creation of
these structures from magnetic nanoparticles whrehabout several tens of minutes [10].
The change of acoustic attenuation in the case Bf MDGUL was the biggest at the
temperature 15°C. At higher temperatures the clamjeacoustic attenuation were also
independent on magnetic field. For MF TECHOL thiiagion is other, because until from
temperature 30°C there is no change of the acoasafficient. At higher temperature for
both type of MF the change of acoustics attenuasanuch smaller, because there is more
significant effect of thermal motion. At these tesmgtures the numbers of the larger
structures are less and are also smaller, so tlee Ismaller effect on the acoustic
attenuation.

The information about size of structures was gaiineoh the anisotropy of acoustic
attenuation measured at various temperatures. Timessurements show that only at the
lowest temperature for MF MOGUL and for 20 and 25f@¢ MF TECHNOL bigger
structures can exist. This big difference in terapge range is caused by size of
nanoparticles in studied MFs. For smaller nanoglagithermal Brown motion (speed) and
viscosity are higher so at temperatures bigger 2G#C only dimer (trimer) can exist. For
bigger nanoparticles (MF TECHNOL) the structures ao bigger but they have better
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stability. Smaller viscosity and stable structuresult in more pronounced anisotropy for this
type of MF.

On the base of the calculated radius (Table 1hatidwest temperature we can say
that in the bulk in chains are more as 6 nanopesticSo we can say that nanoparticles
created clusters. At temperature 25 OC there ae 28 nanoparticles in the bulk, so they
can create only thin chains. The both smaller nunobenanopatrticles in clusters or chains
and thus their shorter size induce the smalleu@rfte of the direction of magnetic field with
regards to the direction of acoustic wave propagatn the acoustic attenuation.

4. Conclusion

The changes of acoustic attenuation in magnetiddlin the external magnetic field
were measured. Two kinds of magnetic fluids basedtransformer oil MOGUL and
TECHNOL were studies to discover the structure ahaparticles. The magnetic field,
temperature and radius of nanoparticles are impboféators that influence on the structures
of investigated magnetic fluids. The effect of dr#nt radius of nanoparticles in studies
magnetic fluids on the values of acoustic attermmatit measured temperatures in magnetic
field was observed. Using Taketomi theory and thisaropy of the acoustic attenuation the
radius of structures, their density and viscousnters a function of temperature were
determined.
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