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Magnetorheological (MR) fluids are a new kind of smart vibration mitigation material for vibration control, whose
shear yield stress can change in magnetic field, and the change can occur only in a few milliseconds. The rheo-
logical properties, anti-settlement stability, and redispersibility are the very important properties of MR fluids. In
this paper, a kind of preparation process of MR fluids is introduced and MR fluids with different grain diameter
ratios of carbonyl iron particles are produced. Then, the properties of self-prepared MR fluids are tested, including
the sedimentation stability test, viscosity test, and shear yield stress test. The results of the MR fluid property tests
show that the adding of 10 µm-carbonyl iron particles will improve the magnetic effect of MR fluids, increase the
zero magnetic field viscosity of MR fluids, and increase shear yield stress of MR fluids in same magnetic field, but
the anti-settlement properties will be degraded.

1. INTRODUCTION

MR fluids are a kind of controllable fluid that were identified
by the US National Bureau of Standards in 1948.1 MR fluids
usually consist of micrometer-sized magnetic particles, a di-
electric carrier fluid, and some additives. When they are placed
in an adjustable magnetic field, their yield stress changes with
the magnetic field intensity changes in a few milliseconds. Be-
cause of this kind of smart feature of MR fluids is that they
have been concerned by more and more researchers. Further-
more, MR fluids can be designed as MR dampers to reduce
the different vibration. And MR fluids have been successfully
used in intelligent vibration control, such as the building struc-
tures, the bridge structures, the automobile suspension system,
the prosthetic limb, some military equipment or magnetorheo-
logical fishing. A large-scale and 20 ton MR fluid damper has
been designed and built to reduce vibration for civil engineer-
ing applications.2 Carlson3 used the MR damper to develop
an artificial limb. Lord Corporation4 used MR dampers for the
vibration control of armored vehicles. Xu et al.5 used the MR
damper for mitigating earthquake responses of building struc-
ture under the neural networks control strategy.

The properties of MR fluids will directly influence the vi-
bration absorption performance of MR dampers, so many re-
searchers have studied how to prepare MR fluids to improve

the properties of MR fluids. In 2004, Ulicny and Mance6

studied the anti-oxidation property of MR fluids and proposed
the method with plating ferromagnetic particles coated in a
layer of nickel to improve the long-term oxidation resistance
of MR fluids. In 2010, Jiang et al.7 coated the poly (methyl
methacrylate) (PMMA) to the surface of carbonyl iron (CI)
particles getting the composite particle CI-PMMA. The pre-
pared MR fluids based on CI-PMMA particles had better sed-
imentation stability. In 2010, Du et al.8 chose the surfactant
by hydrophilic-lipophilic balance (HLB) parameters and dis-
covered that the surfactant could hardly change the magnetic
properties of magnetic particles and rheological properties of
MR fluids, while increasing the sedimentation stability of MR
fluids significantly. In 2012, Iglesias et al.9 tested the influence
of the volume fraction of nanoscale magnetic particles on the
sedimentation stability. Powell et al.10 synthesized MR fluids
by replacing a part of the magnetic particles with nonmagnetic
microscale glass bead, and the sedimentation rate was reduced
by about 4%. In 2011, Lee et al.11 applied tribological charac-
teristic to improve the stability and performance of MR fluids
by mixing and adding the additives. In 2013, Liu et al.12 pro-
posed a preparation method of silicone oil-based MR fluids and
tested the properties of the prepared MR fluids. However, due
to the density mismatch between the ferromagnetic particles
and the carrier liquids, the particle sedimentation caused by

194 https://doi.org/10.20855/ijav.2017.22.2465 (pp. 194–200) International Journal of Acoustics and Vibration, Vol. 22, No. 2, 2017



Y.-Q. Guo, et al.: PREPARATION AND EXPERIMENTAL STUDY OF MAGNETORHEOLOGICAL FLUIDS FOR VIBRATION CONTROL

gravitational forces came to be a serious drawback in the use
of MR fluids. Sutrisno et al.13 prepared a high viscosity MR
fluids based on grafted poly-iron particles and the fluids have
an excellent thermo-oxidative stability with a nearly constant
viscosity. Pramudya et al.14 developed novel MR fluids using
modified silicone oil, composite polyurethane microsphere ad-
ditives, and surface-coated iron particles; the addition of com-
posite polyurethane microsphere increased the strength of the
fluids, providing well dispersion stability. In 2014, Susan-
Resiga et al.15 studied the influence of composition on the
yield stress and flow behavior of concentrated ferrofluid-based
MR fluids and micrometer-sized iron particles to a concen-
trated ferrofluid without any supplementary stabilizing agent.
The results showed that a direct and simple way to control the
magnetorheological and magnetoviscous behavior, as well as
the saturation magnetization of the resulting nano-micro com-
posite fluid to fulfill the requirements of their use in various
MR control and rotating seal devices. Shah et al.16 prepared
a new kind of low sedimentation MR fluid based on plate-like
iron particles and its salient properties were evaluated using a
small-sized damper. The results showed that plate-like micron
size iron particles played an important role in improving sta-
bility against rapid sedimentation as well as in enhancing the
value of the yield stress.

In this paper, a kind of preparation process of MR fluids is
introduced and MR fluids with different grain diameter ratio
of carbonyl iron particles are produced. Then, the properties
of self-prepared MR fluids are tested, including sedimentation
stability test, viscosity test, and shear yield stress test. The
results of property tests of MR fluids show that the adding of
10 µm-carbonyl iron particles will improve the magnetic effect
of MR fluids, increase the zero magnetic field viscosity of MR
fluids, and increase the shear yield stress of MR fluids in same
magnetic field. However, the anti-settlement properties will be
degraded.

2. PREPARATION OF THE MR FLUID

2.1. Materials and instruments

The materials and instruments for preparation of MR fluids
are as follows:

2.1.1. Materials

Materials for preparation of MR fluids include 3 µm-
carbonyl iron (CI) particles (produced by Tianyi Co., Ltd.
Jiangsu, China; average grain diameter: 3 µm; density:
7.85 g/cm3), 10 µm-CI particles (produced by Tianyi Co.,
Ltd. Jiangsu, China; average grain diameter: 10 µm; den-
sity: 7.85 g/cm3), mineral oil, organobentonite, polyethylene
glycol, graphite, polyvinylpyrrolidone, sodium dodecyl ben-
zene sulfonate and oleic acid. Note that all the materials were
adopted directly.

Figure 1. Preparation process of MR fluids.

2.1.2. Instruments

The adjustable mixer, the vacuum drying oven, the mortar,
the standard sieve (100 mesh), the planetary ball mill, the ul-
trasonic dispersion instrument and a high precision electronic
balance are used to prepare MR fluids.

2.2. The Preparation Process of the MR
Fluid

The preparation process is an important factor that affects
the performance of MR fluids. As shown in Fig. 1, the prepa-
ration process can be described in detail as follows:

1. The surface treatment of CI particles: Firstly, put CI par-
ticles in a beaker of anhydrous ethanol, then add surfac-
tant. Secondly, put the beaker in the ultrasonic dispersion
instrument to make the mixture evenly. Then, place the
mixture in vacuum drying oven to keep low temperature
drying. Lastly, crush the obtained dry CI particles in a
mortar and then sift the particles through a standard sieve
(100 mesh).

2. Preparation of mineral oil-based fluid: Take mineral oil
into a beaker, add the dispersant, thixotropic agent, and
solid lubricant in order while stirring at room temperature
for 2 hours.

3. Synthesis of MR fluids: Put the 3 µm-CI particles and the
10 µm-CI particles after surface treatment into the ob-
tained mineral oil-based fluid and stir well. According to
the above mentioned process of MR fluids, four samples
numbered A, B, C and D were prepared. The mass frac-
tion of the total CI particles in each sample was 80% and
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Table 1. The samples formula.

Materials
The mass percentage

Sample A Sample B Sample C Sample D

CI
particles

3 µm 72.0 74.0 76.0 78.0
10 µm 8.0 6.0 4.0 2.0

The ratio of 3-µm
CI particles to

10-µm CI particles
9:1 37:3 19:1 39:1

Mineral oil 16.5 16.5 16.5 16.5
Thixotropic agent 0.6 0.6 0.6 0.6

Antioxidant 0.4 0.4 0.4 0.4
Solid lubricant 0.5 0.5 0.5 0.5

Dispersing agent 1.0 1.0 1.0 1.0
Surface active agent 1.0 1.0 1.0 1.0

the ratio of the 3 µm-CI particles to the 10 µm-CI par-
ticles are 9:1, 37:3, 19:1 and 39:1, respectively. That is,
the 10 µm-CI particles in the proportion of the total CI
particles is 10%, 7.5%, 5.0% and 2.5%, respectively. As
shown in Table 1, the type and amount of other additives
were exactly the same.

3. PROPERTY TEST ON MR FLUIDS

The sedimentation stability, rheological properties, and high
shear yield stress are three main indexes to evaluate the perfor-
mance of MR fluids. Thus, the prepared four samples of MR
fluids in this study were tested to evaluate these properties.

3.1. Sedimentation stability test
The sedimentation stability of the MR fluids can be repre-

sented by the sedimentation rate, which can be defined as the
ratio of the supernatant fluid volume to the mixture volume
within a fixed period. The sedimentation ratio is defined as:

Sedimentation ratio (%) =

volume of the supernatant liquid

volume of the entiremixture liquid
× 100%. (1)

In this paper, the four samples of MR fluids were placed in
the four 10-ml graduated glass tubes marked in 0.2-ml, respec-
tively, as shown in Fig 2a. The volume of the supernatant liq-
uid was obtained by observing the phase boundary between
the supernatant liquid and the concentrated suspension until
this volume reached an asymptotic value. Figure 2b shows the
sedimentation stability of the MR fluids samples with different
amount of 10 µm-CI particles. It can be seen from the figure
that the sedimentation rates of all the samples were relatively
large during the first three days and then the rate slowed and
tended to be constant after ten days. At the same time, it can be
seen that the initial sedimentation rate of the sample D is much
less than that of the sample C, B, and A. The average final
sedimentation rate of the sample A, B, C, and D were 18.2%,
14.9%, 14.1%, and 9.8%, respectively. And the average final
sedimentation rate of the sample D was 8.4%, 5.1%, 4.3% less
than that of the sample A, B, C, respectively. The results show
that the sedimentation stability of the MR fluids is relevant to

(a) The sedimentation observation.

(b) The sedimentation rate.

Figure 2. Sedimentation stability test of MR fluids.

the grain diameter of the CI particles. That is, the larger the
ratio of 3 µm-CI particles, the slower the settlement.

3.2. Viscosity Test

In the absence of an external magnetic field, the viscosity of
MR fluids mainly demonstrates the flow characteristic of MR
fluids under different shear rates, and MR fluids can be thought
as Newtonian fluids. An NDJ-1 rotational viscometer pro-
duced by Shanghai Jingchun Instrument Equipment Co., Ltd.
was adopted to perform the viscosity tests, as shown Fig. 3a.
All the samples were carried out the viscosity test under differ-
ent circular shear rates, 6.28 rad/s, 12.57 rad/s, 31.42 rad/s, and
62.83 rad/s. The circular shear rate is produced when the ro-
tational viscometer rotates to measure the zero magnetic field
viscosity of MR fluids.

Figure 3b shows the viscosity of the samples under the dif-
ferent shear rates with the zero magnetic field. The zero mag-
netic field viscosities of samples A, B, C, and D are 5.20 Pa·s,
4.74 Pa·s, 4.52 Pa·s, and 4.2 Pa·s, respectively with the shear
rate of 6.28 rad/s. It shows that with the increase of the propor-
tion of 10 µm-CI particles, the zero magnetic field viscosity

196 International Journal of Acoustics and Vibration, Vol. 22, No. 2, 2017



Y.-Q. Guo, et al.: PREPARATION AND EXPERIMENTAL STUDY OF MAGNETORHEOLOGICAL FLUIDS FOR VIBRATION CONTROL

(a) Viscosity test.

(b) The zero magnetic field viscosity of MR fluids under
different shear rates.

Figure 3. Viscosity test of MR fluids under different shear rates.

of MR fluids increases. At the same time, with an increase in
the shear rate, the zero magnetic field viscosity of MR fluids
decreased gradually. This phenomenon conforms to the theory
of shear-thinning.

3.3. Shear Yield Stress Test

In an external magnetic field, the CI particles will line up
to form a chain-like microstructure, restrict the motion of the
fluid, and increase in their ability to support shear stress, as
shown in Fig. 4. The shear yield stress of MR fluids will
change with the change of the different magnetic fields and
shear rates. The shear stress, τcan be described as Bingham
model,17

τ = τy(H) sgn(γ̇) + ηγ̇; (2)

where γ̇ is the shear rate, η is the field-independent plastic vis-
cosity defined as the slope of the measured shear stress versus
shear rate, τy is the shear yield stress, and H is the magnetic
induction intensity. The value of the shear yield stress will em-
body the damping of the damper with MR fluids.

In this paper, a self-developed shear stress test device (as

Figure 4. MR fluids.

Figure 5. Self-developed shear yield stress test device.

shown in Fig. 5) was used to measure shear yield stress of the
sample A, B, C, and D under the different magnetic induction
strengths and shear velocities. The shear velocity was pro-
duced when the self-developed shear stress device moved rec-
tilinearly to measure the shear yield stress of MR fluids. The
shear velocities are: 3.65 m/s, 5.48 m/s, 7.31 m/s, 9.14 m/s,
and 10.97 m/s. At the same time, the magnetic induction in-
tensity are: 10 mT, 20 mT, 25 mT, 65 mT, and 115 mT. Fig-
ure 6 shows the shear yield stress of the MR fluids samples
as a function of external magnetic induction intensity under
five different shear velocities, 3.65 m/s, 5.48 m/s, 7.31 m/s,
9.14 m/s, and 10.97 m/s, respectively. It can be seen from
Fig. 6 that the shear yield stress of the MR fluid samples A, B,
C, and D increase with an improvement in magnetic induction
intensity. Additionally, the shear yield stress value of sample
A increases to 80 kPa when the magnetic induction intensity is
115 mT, which shows that the MR fluids has a high shear yield
stress. Meanwhile, the MR fluids exhibit a typical monotonic
improvement in shear yield stress with an increase of magnetic
induction intensity as well as Bingham plastic behavior char-
acterized by a field dependent yield stress. At the same time, it
also can be seen that the shear yield stress of sample A and D
is respectively the biggest and minimum value when magnetic
induction intensity and shear rate are given. It demonstrates
that the shear yield stress of the MR fluids improve with the
increase of the amount of 10 µm-CI particles.

Figure 7 shows the change in shear yield stress of the MR
fluids samples as a function of shear rate under five different
magnetic induction intensity, 10 mT, 20 mT, 25 mT, 65 mT,
and 115 mT, respectively. The shear yield stress under the
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(a) 3.65 m/s (b) 5.48 m/s

(c) 7.31 m/s (d) 9.14 m/s

(e) 10.97 m/s

Figure 6. Shear yield stress under different magnetic fields and shear rates.

magnetic induction intensity ranging from 10 mT to 115 mT
fluctuates at a limited amplitude with an increase of shear ve-
locity, which indicates that the shear velocity has little impact
on the shear yield stress. The result implies that the chain
structure of the MR fluids constructed within fluids under the
applied magnetics induction intensity are continuously broken
and then rapidly reformed, so that MR fluids are relatively in-
sensitive to shear velocity.

4. CONCLUSIONS

In this study, MR fluids were prepared with the appropriate
components and process. The 10 µm-CI particles were used to
study the effect of the size on the MR fluids performance. To
investigate the performance of the MR fluids and determine the
effect of 10 µm-CI particles, some tests, including sedimenta-
tion stability, rheological properties, and high shear yield stress
were carried out. The following conclusions can be drawn.

198 International Journal of Acoustics and Vibration, Vol. 22, No. 2, 2017



Y.-Q. Guo, et al.: PREPARATION AND EXPERIMENTAL STUDY OF MAGNETORHEOLOGICAL FLUIDS FOR VIBRATION CONTROL

(a) Sample A (b) Sample B

(c) Sample C (d) Sample D

Figure 7. Shear yield stress versus shear rates under different magnetic induction intensity.

1. The settlement results show that the sedimentation stabil-
ity of MR fluids are relevant to the grain diameter of the
CI particles. The smaller the particle size, the slower the
settlement.

2. The rheological properties tests indicate that the addition
of 10 µm-CI particles can lead to an increase in zero mag-
netic field viscosity of MR fluids, which shows the grain
diameter of CI particles has much effect on rheological
properties of MR fluids.

3. The shear yield stress of MR fluids improve with the in-
crease of the amount of 10 µm-CI particles, which proves
that the 10 µm-CI particles can improve the magnetic ef-
fect of MR fluids. At the same time, the shear velocity has
little impact on the shear yield stress under the different
magnetic induction strengths.
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