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Magneto Mechanical Properties of Iron Based MR Fluids
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Abstract The main aim of this article is to prepare MR fluids, composed of iron particles and analyse their flow
behaviour in terms of the internal structure, stability and magneto rheological properties. MR fluids are prepared using
silicone oil (OKs) mixed with iron powder. To reduce sedimentation, grease is added as stabilizers. The size of the particles
is observed by Optical microscope and flow properties are examined by rheometer. Sedimentation is measured by simple
observation of changes in boundary position between clear and turbid part of MR fluid placed into glass tube. The various
additive percentages can also influence the MR fluid’s performances.
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1. Introduction

Using some standard materials, science and technology
have made amazing development in the design of electronics
and machinery. Such materials have the ability to change
their shape or size by adding a little bit of heat or to change
from the liquid to a solid when this material is near to a
magnet. These materials are called smart materials. Magnetic
functional fluids are also regarded as smart materials[1].
Magnetic functional fluids are able to change their
rheological properties when it is placed in an external
magnetic field[2].Magnetic functional fluid (MF) and
Magnetorheological fluid (MRF) are two common types of
these fluid. The only difference between these two fluids is
the inner particle size. In magnetic functional fluid, the
particle size are about 10nm in diameter but the particles in
magnetorheological are in the order of microns.

Magnetorheological fluid (MRF) are the suspensions of
these micron size polarisable particles in a magnetically
neutral fluid[3]. Silicone oil or mineral oil is usually used as
magnetically neutral fluid. In MR fluid, some small additives
are added, which affect the polarization of the particles and
also stabilization of the structure of the suspension to resist
settling of particles[4].The first development of MR fluid
was credited to JACOB Rainbow (1949) at the US National
Bureau of Standards[5,6]. MR fluids contain the
magnetisable particles, non-magnetisable suspending fluids
and additives. MR fluids response to an applied field and
have ability to change from a linear viscous fluid with free
floe to a semi-solid state. The behaviour of MR fluid can be
described by theplastic model under applied external field.
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When the field is cut off, the MR fluid comes to original
state. MR fluid behave like Newton fluid in zero magnetic
field. When certain amount of magnet field is applied, the
magnetic particles form chain cluster due to dipole-dipole
interaction between particles[7-12]. The important
characteristics of the magnetically active dispersed phase are
particle size, shape, density, particle size distribution,
saturation magnetization and coercive field [13] Other than
these properties of magnetic particles, the base fluids,
surfactants, anticorrosion, additives are important factors
that affect the rheological properties, stability and
redispersibility of the MR fluid.

MR fluids appear similar to liquid paints and exhibit
comparable levels of apparent viscosity (0.1 to 1Pa at low
shear rates), in the “OFF” state[14]. Apparent viscosity MR
fluid changes significantly (10°-10°) times within
milliseconds, when the magnetic field is applied[15]. This
effect is completely reversible, when the magnetic field is
removed. Controlling the intensity of the magnetic field
applied in the MR fluid can adjust the apparent viscosity and
other rheological properties of the fluid[16]. Particles are
held together by magnetic field and the chains of the particles
resist to a certain level of shear stress without breaking,
which make them behave like a solid.

The materials start to flow and structure breaks when
shear stress exceeds a critical value. This critical shear stress
value is the ‘apparent yield stress’ of the material. Within a
possible magnetic field strength range MR fluid can exhibit a
yield stress of 10-100 kPa[17]. The yield stress is very
important in many applications. This property depends on
volume fraction of magnetic particles and applied magnetic
field. The yield stress is also affect by particle distribution.
Shear strain occurs in the fluid , when the MR fluid flows and
also shear stress distribution develops across the fluid[4].
The viscous flow equations of elementary fluid mechanics
help to calculate this shear distribution.
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The MR fluids can be widely used in designing damping
devices such as shock absorbers, clutches, surface polishing
machine parts and vibration dampers[18-29]. Soft ferro
magnetic materials like magnetite and iron are adopted as the
MR materials[30-31]. These particles are easily magnetized
under magnetic field. Silicone oil, mineral oil, synthetic
hydrocarbon compound or other suitable organic liquids are
used as carrier liquids.

The frequent problem in MR fluids application is the
tendency of the active magnetic particles to aggregate and
settle down, that disturbs the homogeneity of MR fluid and
could influence its properties. This is because magnetic
particles are denser than liquid carrier and under gravity
settle and form a hard “cake” which makes them impossible
to redisperse. The aim of this work is to prepare magneto
rheological fluids with different additive percentage. The
particle size is also investigated. Rheological properties of
the MR suspensions under applied magnetic strengths are
also then investigated. The flow behaviour and viscoelastic
properties are measured by the steady state and oscillation
experiments respectively. The sedimentation effect of MR
fluids is also studied.

2. Experimental Procedure

2.1. MR Fluid Materials

For the preparation of MR fluid, micro sized powder of
iron (99.5%Fe, 250-300 mesh) with average size of 28um
and silicone oil (OKs) as carrier fluid which has stable
temperature in the interval -40°C to 250°C are used. Also
some additives are considered to prevent sedimentation and
coagulation as well as to facilitate dispersion of particles.
Here grease is used as additives.

Table 1. Components of MR fluid
Types Diameter | Concentration Carrier Additive
pm Wt % Percentage
MRF1 28 39 Silicon oil 0.5
MRF2 28 39 Silicon oil 0.25
MREF3 28 39 Silicon oil 0.15

2.2. Preparation Method

First, commercially purchased grease is added with
silicone oil. Then the dispersion medium is mixed with a
mechanical stirrer at 400 rpm in room temperature. To
prepare the MR fluid, iron particles with diameter of 28um
are dispersed in silicone oil. Here three kinds of MR fluids
are prepared and they are named as MRF1, MRF2, and
MRF3. The concentration of iron particles are 39% (fixed)
in all MR fluid (MRF1, MRF2, and MRF3). Their
corresponding additives were in three different percentages
(0.5%, 0.25% and 0.15%). The components of MR fluids
are shown in Tablel. The sedimentation is measured by
visual observation of the position changes of boundary
between clear and turbid part of carrier oil. Prepared
samples are placed into cylindrical glass beaker (BOROSIL

50 ml) for few days. As a result sedimentation ratio(R) is
calculated. Sedimentation ratio is simply defined as a
proportion between length of clear and turbid part of MR
fluid.

2.3. Characterization

In order to determine the mean size of iron particles of
powder dispersed, the MRF samples were analysed.
Diameter of the iron particles are observed with optical
scanning microscope (Olympus Microscope-BX 41-TF).
MR fluid is also examined through this microscope in 40X
magnification. The microscope photos are taken with the
help of Olympus - camediac - 7070 digital camera.
Rheological properties of MR suspensions are examined
with and without magnetic field using a parallel plate type
rheometer (Anton paar MCR 301, Anton paar MCR) at 25.
°C The coil current and magnetic field strength using
separate control unit and rheometer software are (Rheoplus )
applied.

3. Results and Discussion

Figure 1 shows the size of the iron particle observed from
Optical scanning microscope with magnification.
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Figure 1. Optical image of Iron particle

The data analysis refers to more than 100 particles. The
mean size of the iron particles was determined about 28 pm.
The figure 2 represents the image of MR fluid by same
Optical scanning microscope. In this figure, the iron
particles are dispersed in carrier fluid.
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Figure 2. Optical image of MR fluid
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Figure3 represents the sedimentation ratio of the particles
with and without additives. Higher content of magnetic
particles has positive impact on the magnetorheological
effect. The effect of additives on the stability of the
magnetorheological fluid has been investigated exper -
imentally.

Stability of prepared sample takes different values and it
varies only few minutes. It was depend on the content of iron
particles and also the type of the oil, which was used.
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Figure 3. Time vs sedimentation ratio with and without additives
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To further improve their stability, additives are added to
the MR fluid. MR fluid without additive is named as MRF.
Here the particles settle down quickly in the fluid without
additive. The variation was observed in the graph due to
different percentage of additives. The better stability of the
MR fluid is obtained by increasing of the amount of
additives[33]. It shows that MRF1 was much better than
others.

Figure 4 represent the relationship between the shear
stress and shear strain for all three MR fluids.
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Figure 4. Strain vs shear stress for MRF1,MRF2,MRF3
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Typical non-Newtonian fluid behaviour is observed in
the absence of magnetic field. The yield stress value is high
for MRF3. The stress value increases with strain value up to
10 percentages. After that the structure of MR fluid breaks,
rupture takes place. Then the fluid starts to flow and it
changes into liquid state from semi solid state. On the other
hand, apparent yield stress can be obtained by extrapolating
the shear stress values at zero shear strain value. It is
assumed to be caused by the remnant magnetization of the
magnetic particle[32]. The yield stress value for MRF1,
MRF2 and MRF3 are equal to 0.21 Pa, 9 Pa and 7 Pa
respectively. The maximum shear stress value is equal to
800 Pa. MRF2 shows high value of yield stress.

Figure5 represent the viscosity value of all MRfluids with
shear rate.
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Figure 5. Shear rate vs Viscosity for MRF1, MRF2, MRF3

The viscosity value is measured in Pa sec. Here non
Newtonian flow behaviour is observed at zero magnetic
field. Here, viscosity decreases with increasing shear rate.
At low shear rate, the viscosity of MRF 3 is greater than
other. At higher shear rate, the value of all three samples is
same. At higher shear rate the value of viscosity is equal to
nearly 0.2 Pa sec. Shear thinning behaviour of the MR
suspensions is observed.

Figure 6 (a-c) shows the storage modulus and loss
modulus (G’, G”) as a function of frequency with constant
magnetic field and without magnetic field for MRF1, MRF2,
and MRF3. G’ is the measure of the energy stored and
recovered per cycle, known as storage modulus. The
measure of the energy dissipated or lost as heat per cycle is
called as loss modulus (G”). The storage modulus G’ is the
measurement of the elasticity and loss modulus is the
property related to the shear viscosity. Here, LG’ and LG”
represent storage modulus and loss modulus for MRF1,
MRF2, MRF3 in the absence of magnetic field. SG’ and SG”
represent storage modulus and loss modulus for MRF1,
MRF2, and MRF3 in the presence of magnetic field.
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It is found that, the sample possesses superior solid like
structure rather than liquid like structure because both
storage and loss modulus do not vary apparently with the
growth of frequency at the fixed magnetic strength [34-36].
It is also to be noted that the storage modulus is always
higher than loss modulus over the frequency range. It is

leading to the elastic property of the MR fluids. Figure 7
represents magnetic field sweep curve of three MR fluids.
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Figure 7. Magnetic field vs shear stress for MRF1, MRF2 and MREF3
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The measurements are taken from 0 to 3600 gauss. The
changes in the shear stress with magnetic field are noted.
Due to the increased magnetic field strength, short chains
sticking to each other via collision grow in the flow field. It
is explained that, in the flow direction the arrangement of
particles is favourable [37].

It causes affection by the shear deformation, exhibiting
shear thinning behaviour. The measurements are conducted
only in increasing magnetic field value. The fluid began to
be affected by the shear deformation. It exhibits shear
thinning behaviour [38, 39]. Such a short chains stick to
each other via collision and grow in the flow field due to the
increased magnetic field strength.

Figure 8 (a-c) represents amplitude sweep (without
magnetic field) curve. From the amplitude sweep, the
storage modulus (G’) values tested without magnetic field,
increases sharply, loss modulus (G”) also shows the same
trend. In the initial range of strain, the storage modulus
(G”)show little dependence on the strain, then declined
gradually due to the broken chain structure. At the high
range of strain, liquid like behaviour will be observed. In
the amplitude over this value, the structure of the sample
will be irreversibly altered or even completely ruined, while
smaller than this value, the structure of the sample will be
sustained.

4. Conclusions

In this study, the particle size of iron power is confirmed
by Optical Scanning Microscope. The magnetic properties
of iron particles dispersed in silicone oil were measured. It
can be seen that the shear stress increased with shear strain.
The yield stress of each MR fluids is obtained. This fluid
exhibits non-Newtonian behaviour in the absence of
magnetic field. The shear thinning behaviour is observed in
shear viscosity data and magnetic sweep data. The storage
modulus and loss modulus value are also increased
indicating very strong elastic properties. It is also observed
that the sedimentation is improved by adding higher
percentage of additives.
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