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Abstract: Study of electrical properties of ferrofluid have been carried out on a water based ferrofluid,
dielectric constant, loss tangent and electrical conductivity have been measured with the help of a
R C L meter at 0.1, 1, 10, 100 and 1000 KHz frequencies at room temperature. The results have been
plotted in the graphs and discussed.
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Introduction

A ferrofluid is a fluid comprising colloidal suspension of ultra fine magnetic particles of the
order of the range 10-1000° A size. To prevent each magnetic grain from clustering together
and to maintain a true colloidal dispersion, it is coated with suitable surfactants like oleic
acid and some fatty acids. Ferrofluids are widely used in many engineering devices such as
magnetic seal, dampers and sensors'?. Ferrofluids are also found to be useful for many
biomedical applications™.

A ferrofluid is a stable colloidal dispersion of magnetic particles. This is due to delicate
balance of attractive and repulsive forces between particles. In particular the interaction
between magnetic moments in neighboring particles gives rise to magnetic forces and the
surfactant molecules attached to their surface.

Ferro fluids show a change in their magnetic, thermo physical, mechanical, optical and
acoustic properties in the presence of a magnetic field”.

Ferrofluids contain single domain magnetic particles whose magnetic moments may
align with an applied magnetic field by two distinct mechanisms- either bulk rotation of the
particles with its magnetic moments locked in an easy direction of magnetization or rotation
of the magnetic vector out of the easy direction. The later process is known as Neel rotation
and has a relaxation time given®.

T, =f,exp (KV/KT) (D
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Where K is the effective anisotropy constant of the particle and V is its volume, f, has
dimension of frequency’. The bulk rotation mechanism has a relaxation time given by®

=3VN/KT 2)
Where 1 is the viscosity of the carrier liquid.

The dominant magnetization process of a particle will be that which has the shortest
relaxation time. Ferrofluids invariably contain a distribution of particles sizes and in general
both mechanisms will contribute to the value of magnetization.

If a magnetic fluid is frozen in zero applied fields, then relaxation of the magnetic
moments of the particles can only occur by Neel rotation. The Neel relaxation time is rapidly
varying function of the particle diameter D (V = D/6) and this leads to the concept of
blocked particles’ i.e., above a critical diameter Dp, the moment cannot relax in the time
taken for a measurement of magnetization to be made and below Dp the moment relaxes
within the time of measurement. Particles with D<= D,, are called super paramagnetic and
only these particles contribute significantly to the magnetization of the sample in small
applied fields'’.

The universal properties of ferrofluids propose some unique applications, in particular
in connection with seals, pumps, printing and surgery''. There exist a distribution of
particle sizes in a ferrofluid and determination of this distribution would clarify
understanding and prediction of the fluids properties. The suspended single domain Ferro
fluid particles have diameters typically < 150°A and are therefore super paramagnetic at
room temperature.

Scaife'> suggested the polarizability is a good measure of intrinsic properties of a
substance, i.e., when the dielectric constant becomes complex quantity, the dielectric
constant and dielectric loss are given by the Debye equations —

E,— €&
£=e +—2—== 3
l+o' A
E,— €&
g'=— = “4)
1+ A
The polarizability also becomes a complex polarizability o * (® ) and may be written as —
e*-1

a*(w)=a-ia'"= &)
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Cole-Cole" suggested that if €’ and €” are plotted the plot is a semi circle. Using

above equations real and imaginary parts of polarizability can be found, which also follow a
Cole-Cole relation.

Experimental

A water based ferrofluid FW40 from Marpomagna Co Japan is used. The ferrofluid consists
of Fe;0, particles of mean diameter 8 nm in a water medium and has a saturation
magnetization of 400 Gauss and density 1.359 g/m3. The RCL meter PM6306 is used to
measure the rheological properties. The PM 6306 RCL meter is used for precise
measurements of resistance, capacitance and inductance. Its basic accuracy is 0.1%. It
allows fast and high precision measurements and diagnostic of passive components over a
wide range. A micro-processor controls the measurement process, computes the
measurement value and transfer the result to the display.
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Results and Discussion

The frequency dependence of dielectric constant, loss tangent and electrical conductivity has
been shown in Figure 1-3 respectively. From the Figs it observed that the dielectric constant
is higher at lower frequency as the frequency is increased, dielectric constant decreases,
showing the presence of electronic and ionic polarization. The loss tangent, however,
increases with the increase of frequency and after 1 MHz it decreases with the increase of
frequency as is evident from Figure 2. Electrical conductivity decreases with the increase of
frequency, as is shown in Figure 3. Dielectric constant depends on electronic, ionic, dipole
and space charge polarization. Contributions due to electronic and ionic polarization are
frequency dependent, whereas dipole and space charge contributions are frequency
dependent at low frequencies. Figure 4, shows a Cole-Cole plot of polarizability for a water
base ferrofluid, which shows an approximate semi circle.
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Figure 4. Cole-Cole plot of polarizability for a water based ferrofluid
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