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Effect of magnetic field on Iron Oxide
Nanoparticles suspended Magnetorheological
fluid and its Viscous Properties

P Sharmili, R Chokkalingam, M Mahendran, S Rahul Gorky, T Santhosh

Abstract: Magnetorheological fluid is an admirable class of
smart material. This fluid responses and adapts itself to the
external magnetic field applied and hence, its rheological
properties vary with respect to the field intensity. In this research
work, Iron oxide nanoparticles are synthesized by
co—precipitation method with ammonia as base reagent. Basic
surface and size and magnetic field morphologies of the prepared
particles are studied. Synthesized iron particles are used to
prepare magnetorheological fluid. The rheological properties of
the prepared fluid are studied to know about its viscosity and
shearing stress-strain behavior.
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I. INTRODUCTION

M agnetorheology developed as a multidisciplinary field

whose significance has extensively expanded these most
recent 10 years, since Rabinow and Winslow's disclosures in
the 1940s[1]. The rheology of these liquids is extremely
attractive since it can be changed by the external field, i.e,
either magnetic or electric. The significance of these liquids is
their capacity to accomplish a wide range of viscosity in a part
of millisecond. With the application of the attractive field, the
particles become aligned in continuous chain and arranged
along the field of magnetic field. This continuous chain of
magnetic particles gets weaken and strengthened based on the
external force applied framed. in MR liquids. This gives
applications to control vibrations, and applications managing
incitation, damping. MR liquids as long as the particles
utilized are attractively multidomain and furthermore, display
low dimensions of attractive coercivity. The most basic
attractive material utilized in arrangement of MR liquids is
high virtue iron powder or iron nanoparticle.

MRF has far reaching applications. Optimizing few
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parameters of the fluid give hands for more efficiency of the
fluid towards purpose of applications. Selecting the
suspension particles and the base fluid are most prominent
work that characterizes the whole fluid. To increase the
efficiency of the fluid, researchers work on functionalizing
the suspension particles and base fluids with additives,
lubricants and polymer-based materials. Soft iron particles
are chosen foe easy magnetization and demagnetization. Iron
oxides have a place with the richest minerals what's more,
happen with an enormous assortment of stoichiometries,
structures and properties. Nanosized iron oxide particles
inside different arranged mesoporous silicas, Nanosized iron
and mixed iron-cobalt oxides are also used as suspension
particles[2,3]. Iron particles are functionalized for easy
dispersion in the base fluid. Various research on
incorporating iron oxide in MRF has been carried out by
researchers. Optimization to the particles helps in stabilizing
the fluid.

This research involves preparation of Iron oxide
nanoparticles in easy method followed by incorporating the
prepared nanoparticles to fabricate MRF fluids. The basic
morphology for the Iron oxide nanoparticles is studied and the
rheological properties for the fabricated MRF is analyzed.
The rheological studies include shearing stress-strain
behavior, viscosity studies. Sedimentation of the particles is
also studied to know the stability of the fluid. Studying the
viscosity behavior of the MRF can assist for engineering
desired applications of MRF.

Il. EXPERIMENTAL PROCEDURE

The coprecipitation method is most likely the least difficult
and most effective compound pathway to get attractive Iron
oxide particles. The precursors were taken and aqueous
ammonia solution was included dropwise with consistent
mixing until the pH of the arrangement achieved 10. They
were washed a few times with washing agents. The
accelerates were dried in oven at 700C for 24hrs. The
particles were characterized by X-ray diffraction (XRD),
using the Debye-Scherrer equation. The obtained
micrographs were then examined for particle size and shape.
The magnetic property of the solid was measured at 300K
using a Vibrating sample Magnetometer. Later, the
synthesized iron particles are dispersed in the considered
quantity of mineral oil with paraffin as high content (Thermo
Fisher Scientific)
which is preferred base fluid of MRF. MRF samples S1, S2,
S3, S4, S5 with 75%, 60%, 45%, 80%, 50% of particle
concentration are prepared by
varying the composition of the
contents in MRF.
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Further the rheology behavior of the fluid is measured with
Anton Paar rheometer.

I11. RESULTS AND DISCUSSIONS:

A. Structural Studies:

Fig 1 shows X-beam diffraction of prepared Iron oxide. In
the XRD pattern obtained, the peaks are seen due to Fe203
and no peak is identified because of some other material or
stage showing a high degree of virtue of the as-combined
example. The broadened in diffraction peaks are owing to
variation in the crystallite size [4]. The expanding of the
X-beam diffraction lines, as found in the figure, reflects the
nanoparticle idea of the synthesized sample. In X-beam
diffraction, some unmistakable pinnacles were considered
and relating d-values were contrasted and the standard record
JCPDS file no. 85-0987 [2]. Sharpness in the peak indicates
crystalline development of the oxide particles.
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Fig 1: XRD pattern for Iron oxide particles

Fig 1 shows X-beam diffraction of prepared Iron oxide. In
the XRD pattern obtained, the peaks are seen due to Fe203
and no peak is identified because of some other material or
stage showing a high degree of virtue of the as-combined
example. The broadened in diffraction peaks are owing to
variation in the crystallite size [4]. The expanding of the
X-beam diffraction lines, as found in the figure, reflects the
nanoparticle idea of the synthesized sample. In X-beam
diffraction, some unmistakable pinnacles were considered
and relating d-values were contrasted and the standard record
JCPDS file no. 85-0987 [2]. Sharpness in the peak indicates
crystalline development of the oxide particles.

B. SEM

Fig 2 (@ and 2 (b) shows the particle sizes and
morphologies of iron oxide nanoparticles obtained by co
precipitation method. Comparing image (a) and (b) it is clear
that (b) shows less agglomeration in particles than (a).
Analysed SEM results shows that the prepared particles are
irregular in shape. The nanoparticles are agglomerated and
the size of the particles observed ranges between 200-300 nm
from the data shown in fig 2.
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Fig 2: SEM micrograph of Iron Oxide

C. Magnetic studies
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Fig 3: VSM measurements for Iron oxide
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The magnetic measurements for iron oxide particles was
completed at room temperature and the obtained data was
given in fig 3. This estimation of attractive moment backings
the certainty that the blended iron oxide is as Fe203 with
genuine magnetic moment 5.92 B.M [2]. This demonstrates
the nearness of 5 unpaired electrons in Fe203. Attractive
estimations were likewise completed at temperatures
extending from 300K to 100K to decide the temperature of
Morin transition.

Saturation  magnetization, M, calculated from
extrapolation of the plot of M vs. 1/H. VSM contemplates
were done at 300K to demonstrate hysteresis conduct of
nanosized particles and it has been observed.

D. Rheology:
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Fig. 4: Flow curve data for synthesized MRF samples

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication

Exploring Innovation



International Journal of Innovative Technology and Exploring Engineering (IJITEE)

Fig 4 shows the shear stress and shear rate parameters for
the synthesized MR fluids. Shear stress is analyzed with shear
rate as a varying function. Magnetic field is produced with
help of electromagnetic coil. In this analysis applied field is
maintained stable at 0.5T. Yield stress of the sample is a
significant factor which determines the stress resistance of the
fluid. According to the data obtained it can be known that
shear stress increases with shear rate applied. For sample S3
and S5 breakdown in flow appears earlier than other samples.
Sample S3 has only low composition of suspended particles
compared to the ratio of base fluid. The breakdown of
interlinking in particles occurs due the low yield stress of the
fluid. Samples with 60% and more in particle concentration
has good yield stress due to high ratio of particles
concentration in the fluid
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Fig 5: Viscosity curve for prepared MRF samples

Fig 5 shows the viscosity behavior of the MRF samples.
Here, viscosity varies with applied field as function factor.
Shear rate is maintained stable at ranging about 300s-1. MRF
shows Newtonian behavior in the absence of magnetic field
and non-Newtonian behavior in the presence of magnetic
field. From fig 5 it is clear that viscosity of MRF increases
with increase in the magnetic field. Sample S3 and S4 has
stable performance than sample S2. The high viscosity of the
sample hands up for efficient automobile application.

E. Sedimentation:
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Fig 6: Sedimentation ratio of the synthesized MRF
samples

Sedimentation studies of MRF shows the stability of MR
liquid. This stability of the samples relies upon the substance
of iron particles and the kind of the oil preferred.
Sedimentation is one of the undesired properties of MRF
which lows its efficiency, life time and the usage. The
sedimentation was estimated by visual perception of the
position changes of limit among clear and turbid part of base
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oil [5]. Fabricated samples were put into round and hollow
glass test tubes for 7 hours. Accordingly, sedimentation
proportion was determined.

Fig 7: Sedimentation bf particles seen in the MR Fluid

IV. CONCLUSION

The Structure of the prepared Nano particles were
confirmed by XRD as rhombohedral structured. Magnetic
studies reveal ferromagnetic nature of the Iron oxide particle.
SEM images confirm the particle size and it is found to be 200
nm. Viscosity of the fluid is greatly increased and
sedimentation of particle over the base fluid is minimized.
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