
Magnetic field dependent electric
conductivity of the magnetorheological
fluids: the influence of oscillatory shear

Xiaohui Ruan, Yu Wang, Shouhu Xuan1 and Xinglong Gong1

CAS Key Laboratory of Mechanical Behavior and Design of Materials, Department of Modern Mechanics,
University of Science and Technology of China, Hefei 230027, People’s Republic of China

E-mail: xuansh@ustc.edu.cn and gongxl@ustc.edu.cn

Received 28 October 2016, revised 7 February 2017
Accepted for publication 10 February 2017
Published 23 February 2017

Abstract
In this work, the influence of oscillatory shear on the magnetic field dependent electric
conductivity of the magnetorheological fluid (MRF) was reported. Upon applying a 0.96 T
magnetic field, the electric conductivity could increase about 1500 times larger than the one
without magnetic field. By increasing the volume fraction of carbonyl iron particles in the MRF
from 5% to 30%, the electric conductivity increased about 565 times. Under applying an
oscillatory shear, the resistance of the MRF decreased and it oscillated synchronously with the
oscillatory shear. Interestingly, the larger shear strain led to larger oscillatory amplitude of the
resistance. A particle–particle resistance model and a semi-empirical formula were proposed to
investigate the influence of the oscillatory shear on the electric conductivity. The fitting results
matched the experimental results very well. At last, a possible mechanism was proposed to
explain the changes of resistance.

Keywords: electric conductivity, magnetic field, oscillatory shear, particle–particle resistance
model, semi-empirical formula
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1. Introduction

Magnetorheological fluids (MRFs), which were usually
obtained by dispersing micrometer size magnetic particles in
liquid phase [1–3], had been widely researched because of
their excellent mechanical properties. When a magnetic field
was applied, the magnetic particles inside MRFs arranged into
chains or columnar structures, thus the viscosity would
greatly change [4–8]. MRFs could return to the original state
just when the magnetic field was removed. Due to the con-
trollable and reversible rheological properties, many magne-
torheological (MR) equipments, such as MR damper [9, 10]
and MR brake [11, 12] had been developed. These devices
had been broadly used in automobile suspensions systems
[13–17], bridge-stay cables [18–20], and medical apparatus/
instruments [21, 22]. Thanks to the continuous efforts by

various groups, the significant success had been achieved in
studying the rheological properties and the MR mechanism.

Because the columnar or chain-like structures inside the
MR materials were composed of conductive carbonyl iron
particles (CIPs), the MR materials could transform from insu-
lator to conductor by varying the external stimuli, such as
magnetic field, mechanical pressure, and temperature [23, 24].
This unique tunable conductivity enabled the MR materials to
be widely applied in electric capacitors, transformation sensors,
force sensors, magnetic sensors and so on [25–27]. Many
interesting works had been done to study the electrical con-
ductive of MR materials. Martin et al reported a high con-
ductive composite by dispersing gold-coated magnetic particles
in a polymeric resin. The conductivity of the composites was
extremely sensitive to the compression, so these composites
could be useful as sensor materials [28]. Bica et al had
researched the influence of magnetic field and compression
pressure on the electrical conductivity of MR elastomers
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[25, 26]. Pang et al improved the electrical conductivity of MR
plastomers by doping graphite particles. The experimental
results showed that the resistance of non-doped MR plastomers
was approximately 10 000 times higher than the resistance of
graphite doped MR plastomers [29].

The conductive mechanism was very important for their
practical application. Kchit and Bossis et al performed a sys-
tematic study on the conductive mechanism of MR elastomers
and they presented that the resistance of MR elastomers mainly
came from the interface. Therefore, the roughness parameter, the
thickness of the oxide layer and the thickness of the polymer
layer also influenced the conductivity of the materials [30]. By
investigating the stimuli dependent impedance of conductive
MR elastomers [31], Wand et al defined a coefficient Rd to
characterize the damage of the microstructure. Xu et al proposed
an equivalent circuit model to study the electric conductivity of
MR plastomers, which revealed that the rearrangement of par-
ticles induced by a magnetic field changed the thickness of the
interface layer of electrode-MR plastomers thus dramatically
influenced the conductivity of MR plastomers [32].

Though chain or columnar structures were formed when
the magnetic field was applied, the insulating layer between
the nearby particles had a negative influence on the con-
ductivity of the MR materials. Doping some conductivity
additives into the traditional MR materials was the common
method to improve the conductivity of the MR materials [33–
35]. Li et al found that the mechanical and conductive
properties were both improved by doping graphite into MR
elastomers [36, 37]. By connecting the neighboring parallel
chains and connecting the disconnected iron chains, the gra-
phite contributed to improving the conductivity of MR elas-
tomers. Some other additives, such as silvers, graphene and
carbon nanotubes [38] or some other matrices like ionic
liquids and ion gels [39–41], were used to improve the con-
ductivity of MR materials [42].

Most of the previous researches were mainly focused on
MR elastomers and MR plastomers, however, the electrical
conductivity of MRFs has not been insensitively studied. Since
the dynamic characteristic of the CIPs columns in the MRFs,
the previous static or quasi-static analysis could not illustrate
the conductive property of the MRFs exactly. In this work, the
conductivity of MRFs under dynamic state was systematically
investigated. Here, the influence of oscillatory shear on the
magnetically dependent electrical conductive properties of
MRFs was conducted. It was found that the resistance of MRFs
decreased sharply with increasing of the CIP volume fraction
and magnetic field. When an oscillatory shear was applied, the
resistance oscillated synchronously with the oscillatory shear.
Finally, a particle–particle resistance model was developed and

a semi-empirical formula was proposed to investigate the
mechanism of the magnetic field dependent conductivity.

2. Experimental

2.1. Sample preparation

The materials used for the preparation of MRFs were carbo-
nyl iron particles (CIPs, CN, BASF, Germany, the average
particle size was about 6 μm), silicone oil (Sigma, the visc-
osity is 10 mPa s), stearic acid (Sinopharm Chemical Reagent
Co. Ltd, China).

MRF samples with different CIPs volume fraction were
prepared by the following method. Firstly, the CIPs and
stearic acid were dispersed into the silicone oil and the mix-
ture was homogenized by using a mechanical stirrer. Then,
the mixture was transferred to an hot oven and the temper-
ature of the oven was maintained at 100 °C until the stearic
acid was dissolved completely. Then, the mixture was care-
fully taken out and stirred until it was cooled to room
temperature. After that, the mixture was ball-milled for 24 h
by a Planetary Muller. At last, MRFs were transferred to a
vial for the subsequent testing. In our experiment, six samples
with the CIPs volume fraction varied from 5% to 10%, 15%,
20%, 25%, 30% were prepared. For simplicity, they were
named as MRF-5, MRF-10, MRF-15, MRF-20, MRF-25,
MRF-30, respectively. The compositions of the six samples
were shown in table 1.

2.2. Experimental system

Figure 1 showed the schematic of the experimental system
used to characterize the conductivity of the MRFs. The sys-
tem consisted of three parts: a commercial rheometer Physica
MCR301 (Anton Paar, Austria) equipped with an electrical
magnetic accessory MRD180, a Modulab material test system
(MTS, Solartron analytical, AMETEK advanced measure-
ment technology, Inc., United Kingdom) and a data storage
and analyzing system. The MRF sample was located between
two aluminum foil electrodes. The two electrodes were fixed
on the rotor and substratum of the rheometer by insulating
tape. The rheometer could supply a uniform magnetic field
from 0 to 0.96 T. An oscillatory shear with different fre-
quency and strain could also be supplied by the rheometer.
The modulab MTS could supply a direct voltage excitation
and measure the responsive current. Finally, all the data
would be saved in the data storage and analyzing system.

In our experiment, the distance between two electrodes
was set as 0.7 mm, and the diameter of the MRF sample was

Table 1. Compositions of MRF samples.

Samples MRF-5 MRF-10 MRF-15 MRF-20 MRF-25 MRF-30

CIPs (g) 36 72 108 144 180 216
Silicone oil (ml) 93 88 83 78 73 68
Stearic acid (g) 0.72 1.44 2.16 2.88 3.60 4.32
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20 mm. The oscillatory strain was set between 1% and 5%,
and the oscillatory frequency was set between 0.05 and
0.1 Hz. The direct voltage was set to be 4 V. The resistance of
the aluminum foil electrodes and the wire was less than 1Ω,
so it could be ignored in the experiments. During the test, the
time of each measurement point was set as 1 s. All the mea-
surements were implemented at 25 °C.

3. Results and discussion

3.1. Resistance of MRFs

When an external magnetic field was applied on the MRF, the
conductive CIPs were aggregated to form chain or columnar-
like micro-structures, thus the MRF sample transformed from
non-conductive to conductive one. So, the influence of the
magnetic field on the resistance of the MRF sample was firstly
investigated. As shown in figure 2, with the increase of the
magnetic field, the resistance of the MRF samples sharply
decreased within 0.4 T and then tended to level off. When the
magnetic field was small, though the CIPs were aggregated to
form chain structures in the MRFs, the chains were short and
could not contact with each other, and many internal gaps
were presented in the chains [7], thus the conductivity of the
MRF was poor. With the increase of the magnetic field, the
short chains assembled into longer chains with a more com-
pact microstructure which resulted in a higher conductivity.
The aggregation of short chains is owing to lateral aggrega-
tion which occurs by a zippering mechanism [43–46]. So the
conductivity of the MRFs was improved obviously. For
example, when the magnetic field increased from 0.06 to
0.96 T, the resistance dropped from 63 kΩ to 42Ω for MRF-
25 and the conductivity increased about 1500 times. Under
the same magnetic field, with the increase of CIP volume
fraction, the resistance decreased sharply. When the CIP
volume fraction increased, both the length and number of the
chains increased. After a further rearrangement due to lateral
aggregation, the columnar structures formed conducted to

decrease sharply the resistance of the samples [45]. When the
volume fraction increased from 5% to 30%, the resistance
dropped from 18 kΩ to 32Ω under a 0.96 T magnetic field, in
which the conductivity increased about 560 times. To this
end, the conductivity sharply increased with the increase of
magnetic field and CIP volume fraction.

Then the influence of oscillatory shear on the resistance
was investigated. As shown in figure 3, the larger strain led to
the smaller resistance. For MRF-15, the resistance dropped
from 597 to 311Ω when the strain increased from 1% to 5%.
With the increase of the frequency, the resistance slightly
decreased. For MRF-15, the resistance dropped from 586 to
218Ω when the frequency increased from 0.05 to 0.1 Hz. This
phenomenon was the same for other samples except for MRF-
5. When an oscillatory shear was applied on the MRF, the
chain structures inside the MRF would oscillate together with
the rotor of the rheometer. When the chains oscillated, they
could touch each other allowing that the lateral aggregation to
be more effective, as a result, longer, thicker and tighter
columnar structures appeared. Therefore, a smaller resistance
was obtained due to the tighter chain structures. When the
strain was increased, the adjacent chains attached easier with
each other to form columnar structures that led to a sharp
decrease in the electrical resistance. At last, the conductivity of
the samples could be greatly improved by the oscillatory shear
[29, 45]. For MRF-5, the chain structures inside the sample
were so scarce and short that the lateral aggregation and the
microstructure rearrangement did not happen even when the
strain was very large. Therefore, the oscillatory shear showed a
tiny influence on the resistance for MRF-5.

Another interesting phenomenon obtained from figure 3
was that the resistance oscillated synchronously with the oscil-
latory shear. The average peak–peak amplitude of the resistance
for each sample was obtained (table 2). The peak–peak value
meant the difference between the maximum and the minimum of
the resistance during one oscillation. For each sample, the larger
the strain was, the larger the oscillatory peak–peak amplitude of
the resistance was. For example, the amplitude of the resistance
increased from 52 to 122Ω for MRF-10 when the strain

Figure 1. Schematic of the experiment system for the resistance
measurements of MRFs.

Figure 2. Resistance versus magnetic flux density of MRFs with
different CIP contents.
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increased from 1% to 5%. When an oscillatory shear was
applied, the chain structures would be stretched and the distance
between the CIPs increased which resulted in the increasing of
resistance. The peak–peak amplitude of the resistance decreased
sharply with the increase of the CIP volume fraction. For
example, while the strain is 3%, the amplitude of the resistance
dropped from 3832 to 0.72Ω when the CIP volume fraction
increased from 5% to 30%. The chain structures in the MRFs
with large CIP volume fraction were denser and thicker than
those with smaller CIP volume fraction, so the influence of the
oscillatory shear on the chain structures was small which would
lead to a small oscillation of the resistance.

The time stability of the resistance was also investigated.
Figure 4 showed the resistance versus time under static shear.
Without the disturbance, the resistance kept almost constant,
especially when the CIP volume fraction was large. This
result indicated that the chain structures inside the MRF were
stable when there was no disturbance applied on the samples.
But for MRF-5, the resistance decreased with the increase of
time. This was because that the isolated particles or small
chains continued to aggregate with larger ones. The unstable
structures were responsible for the decrease of the resistance.

Then, the resistance versus time under oscillatory shear
was investigated (figure 5). Obviously, the resistance under

Figure 3. Resistance versus frequency for different samples and strain.

Table 2. Peak–peak amplitude of the resistance (Ω).

Sample MRF-5 MRF-10 MRF-15 MRF-20 MRF-25 MRF-30

1% 2197 52 9 7 0.32 0.3
2% 3582 111 39 10 0.61 0.54
3% 3832 119 48 12 1.04 0.72
4% 5631 120 73 13 1.28 0.78
5% 6611 122 72 14 1.52 0.70
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oscillatory shear was smaller than the resistance under static
condition. For MRF-15, the resistance decreased from 566 to
427Ω when an oscillatory shear was applied. With increasing
of the shear strain, the resistance decreased. For MRF-10, the
resistance dropped from 1720 to 700Ω when the strain
increased from 1% to 5%. Under the oscillatory shear, the
chain structure would contact with each other. The lateral
aggregation and microstructure rearrangement happened, thus
the chain structures inside the samples became tighter. In this
case, more CIPs in the chains would contact with each other,
thus the resistance decreased. In comparison to the resistance
under static condition, the resistance under oscillatory shear
decreased with the increase of time. Under the influence of
oscillatory shear, the chain structures continually changed to
an optimal state which led to the decrease of resistance [48].
The oscillation of the resistance also appeared in this test
which was the same with that appeared in figure 3.

To sum up, without applying the external magnetic field,
the CIPs were randomly dispersed resulted in a large resistance.
As soon as an external magnetic field was applied, the CIPs
began to assemble into chain structures and the resistance
sharply decreased. When the magnetic field was small, the chain
structures were short and had little chance to contact with each
other. With increasing of the magnetic field, the short chain
structures started assembling into longer ones through lateral
aggregation and rearrangement. This reason would lead to the
unceasingly decrease of the resistance and was responsible for
the phenomenon shown in figure 2. When an oscillatory shear
was applied on MRFs, the chain structures moved with the
shear. They could contact with each other easier than the state
under the static shear. For samples with large CIPs volume
fraction, the chains structures inside MRFs were so long that
they could easily contact with each other and assembled into
longer ones. Then, the lateral aggregation and rearrangement
appeared. When the stain amplitude increased, the moving range
of chain structures was enlarged. So, the lateral aggregation and
rearrangement intensified when the strain amplitude increased
resulted in the decrease of resistance. But for samples with small
CIPs volume fraction, the chain structures were so short that

they could hardly contact with each other. The lateral aggrega-
tion and rearrangement could be ignored, thus the resistance of
MRFs almost kept constantly when the strain amplitude
increased (figure 3). Under a certain magnetic field and oscil-
latory shear, the structural rearrangement always existed and
forwarded to optimal chain structures, thus the resistance slightly
decreased with time (figures 4 and 5).

3.2. Theoretical model

In order to understand the conductive properties of MRFs, a
particle–particle electrical resistance model based on dipole
model was developed. In this section, the CIPs were assumed
to have the same size and the CIP chains were formed like the
necklace (figure 6(a)). The dark spheres represented the CIPs,
the gray area represented the oil, and the light brown area
represented the zone for the tunnel current. During the
preparation of the MRFs, a layer of insulating film would be
formed by the stearic acid which covered on the surface of
CIPs. Since the resistance of the surface was far larger than
that of CIPs, the resistance of MRFs mainly came from the
interface resistance between the particles, named as tunnel
resistance [49]. In this case, the resistance of the CIPs could
be neglected contrasted with the tunnel resistance.

The conductivity J of tunnel current in the case of low
voltage was given by [50]:

[ ( ) ]( )
[ ( )( ) ] ( )
j

p j
=
´ -

J m s e h V

s h m

3 2 2

exp 4 2 , 1

1 2 2

1 2

where m was the mass of electrons, e was the charge of elec-
trons, j was the height of the rectangular barrier, s was the
particle distance, h was Planck’s constant and V was the voltage
across the film. Equation (1) gave the tunnel resistance between
two planes, but between 2 spherical particles the separation was
not constant. So equation (1) should be integrated between s0
and d with a variable separation s(r) where s0 denoted the initial
distance of two particles, d denoted the largest distance for the
tunnel resistance. In our model, a was much smaller than r and
the contact area of the tunnel resistance between two particles
was assumed to be plane. Therefore, the tunnel resistance
between two particles could be roughly estimated by using
equation (1). The result was an approximation. J fell sharply
with the increase of s. Therefore, we just focused on the tunnel
current where the particle distance was less than d. When s was
larger than d, the tunnel current disappeared. Equation (1)
denotes the tunnel current between two adjacent particles. There
are many particles in the volume unit and the series or parallel
relationship between them is complex. So, another approx-
imation is used to simulate the resistance of MRFs. We denoted
the average resistivity of this area as ρ, then the resistance of the
volume unit in figure 6(a) was expressed as:

( )r=R
s

A
, 2

where A was the area of the tunnel current and was expressed as:
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Figure 4. Resistance versus time under static condition and the
magnetic flux density is 0.96 T.
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Here, s was nuch smaller than CIP radius r.
When a shear ε was applied on the MRF samples

(figure 6(b)), the distance of the particles could be expressed

as:

( ∣ ∣) ( )e e= + » +s s s1 1 . 40
2

0

Here, s0 was the initial distance between the particles.

Figure 5. Resistance versus time under oscillatory shear, the frequency is 0.1 Hz and the magnetic flux density is 0.96 T.

Figure 6. (a) Sketch of the particle–particle electrical resistance model. (b) Deformation of the distance when a shear is applied on the sample.
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The oscillatory shear applied by the rheometer was
sinusoidal and could be expressed as:

( ) ( )e e p= ⋅ ⋅f tsin 2 . 50

Here, ε0 was the amplitude, f was the frequency of the
oscillatory shear.

Finally, by using equations (2)–(5), we obtained:

( ∣ ( )∣)
( ( ∣ ( )∣))

∣ ( )∣

∣ ( )∣)
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p e p
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r h s f t
s f t

r
d s

s
f t

1 sin 2

1 sin 2
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Here, we obtained the expression of the resistance of the
volume unit. Based on our assumption, the sectional area of
the volume unit was given by:

( )
( )

p

f
=

+
A

r

r s2
. 71

4

3
3

Here, f was the volume fraction of the sample.
The thickness of the sample was Z=0.7 mm, the cross

section area of the sample was A=314 mm2. Thus the total

Figure 7. Comparison of the theoretical and experimental results of different samples. The shear amplitude is 5% and the frequency is 0.1 Hz.

Table 3. The relevant fitting parameters for different samples.

Parameters ρ (d− s0)/s0 c

MRF-5 2466.24 1.10 −0.42
MRF-10 155.22 1.06 −0.24
MRF-15 62.44 1.03 −0.25
MRF-20 51.23 0.99 −0.19
MRF-25 25.83 0.94 −0.19
MRF-30 18.98 0.91 −0.23
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resistance of the samples could be expressed as:
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Considering the influence of outside disturbances which
mainly included the magnetic field, the oscillatory shear and
the unavoidable vibration, a time factor c was added in
equation (8) and was expressed as:

∣ ( )∣
∣ ( )∣

( )e p

e p
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⋅r
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3

0

0
0

0

3.3. Theoretical results and analysis

Figure 7 showed the comparison of theoretical and exper-
imental results for different samples and the relevant fitting
parameters were exhibited in table 3. Clearly, the theoretical
results matched well with the experimental results. The rela-
tive initial particle distance ((d− s0)/s0) was almost equal to
1 with the increasing of the CIP volume fraction (table 3).
Since the initial distance of two adjacent particles s0 and the

Figure 8. Comparison of theoretical and experimental results under different strain amplitude. The frequency is 0.1 Hz, the magnetic flux
density is 0.96 T, the sample is MRF-30.

Table 4. The relevant fitting parameters for different strain
amplitude.

Parameters ρ (d− s0)/s0 c

1% 18.72 1.00 −0.09
2% 18.64 0.99 −0.11
3% 17.98 0.98 −0.14
4% 17.91 0.98 −0.18
5% 18.98 0.98 −0.23
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largest distance for the tunnel current d were constant and had
nothing to do with the external testing conditions, so the
relative initial particle distance ((d− s0)/s0) was almost the
same for all experiments. The average resistivity (ρ)
decreased from 2466.24 to 18.98 (Ωm) with the increase of
the CIP volume fraction. As mentioned above, larger volume
fraction meant more CIPs. In this case, more and longer chain
structures would be formed. Therefore, the lateral aggregation
and the rearrangement of the microstructure easily happened
which resulted in a smaller average resistivity. For each
sample, the time factor (c) fluctuated around −0.2, except for
MRF-5. This indicated that the outside disturbance had the
same influence on the MRFs with larger CIP volume fraction.
During the tests, the rearrangement of the microstructure
existed all the time [43–46] and the lateral aggregation was
responsible for the decrease of the resistance. For MRF-5, the
CIP numbers were so small that the chain structure was too
thin, thus a very small disturbance could lead to collapse of
the structures. So, the sample MRF-5 was more sensitive to
time than other samples.

Figure 8 showed the comparison of the theoretical and
experimental results for different strain amplitude and the
relevant fitting parameters were obtained (table 4). It was
found that the oscillatory shear almost hardly affected the
relative initial particle distance ((d− s0)/s0) and the average
resistivity (ρ). The initial particle distance s0 and effective
distance d were characteristic parameter for a certain sample,
which were independent on the oscillatory shear. In this
study, the s0 and d were obtained by fitting the experimental
data. Though the oscillatory shear caused sinusoidal changes
of the chain structures inside MRF-30, the total influence of
the strain on the structures was the same for different strain
amplitudes. So, the relative initial particle distance ((d− s0)/
s0) and the average resistivity (ρ) kept constantly for different

strain amplitudes. The time factor (c) decreased with the
increase of the strain amplitude. The larger strain amplitude
presented a larger disturbance on the chains structure, so the
long chain structures would be broken into short chains and
the lateral aggregation and rearrangement was sharply. A
longer time was needed for the MRF backing to the initial
position which resulted in a larger time factor.

To further analyze the conductive characteristics of the
MRFs, a possible mechanism was proposed (figure 9).
Without the magnetic field, the CIPs randomly dispersed
within the silicone oil. The gap between the CIPs was so large
that there were only a few channels for the current flow
(figure 9(a)), thus the conductivity was small. As soon as the
external magnetic field was applied, the CIPs tended to
aggregate closer to form chain structures because of the
dipole force (figure 9(b)). Therefore, the conductivity of
MRFs sharply increased when a magnetic field was applied.
Though the chain structures were formed when an external
magnetic field was applied, the chain structures were loose
and the chains were small. So, the conductivity could be
further improved. When an oscillatory shear was applied, the
chains would contact with each other. The lateral aggregation
and the rearrangement of the microstructure happened and
tighter chain structures would be formed by the CIPs under
the influence of magnetic field and oscillatory shear [45]
(figure 9(c)). The microstructures would also realign under
the influence of the oscillatory shear and the small chains
would assemble into the main chains, the resistance decreased
[44–47]. So, the conductivity of the MRF samples increased
under the influence of oscillatory shear. Figure 9(d) exhibited
the process of the oscillatory shear. The chain structures
would be slightly stretched by the shear and the gap between
the CIPs would increase which resulted in the increase of the
resistance. So, the resistance decreased with the increasing of
magnetic field and synchronously changed with the oscilla-
tory shear [7, 29, 51].

4. Conclusion

In this work, the influence of oscillatory shear on the magn-
etic field dependent resistance of MRFs was researched.
When a magnetic field was applied, chain structures would be
formed which resulted in the decrease of the resistance. When
the magnetic field increased from 0.06 to 0.96 T, the resist-
ance dropped from 63 kΩ to 42Ω for sample MRF-25 and the
conductivity increased about 1500 times. The CIPs volume
fraction could influence the numbers and density of the chain
structures which exhibited a great influence on the con-
ductivity of the MRFs. When the CIPs volume fraction
increased from 5% to 30%, the resistance dropped from
18 kΩ to 32Ω for 0.96 T magnetic field and conductivity
increased about 565 times. When an oscillatory shear was
applied on MRFs, the lateral aggregation and the rearrange-
ment of the microstructure happened and tighter chain
structures would be formed, so the conductivity of the sam-
ples could be greatly improved by the oscillatory shear. In
samples with large CIP volume fraction, the chains were

Figure 9. Schematic of the conductivity improving mechanism of the
MRFs under a magnetic field and an oscillatory shear.
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longer and the number of chains was larger. So the occurrence
of lateral aggregation and the rearrangement was easier when
an oscillatory shear was applied. In samples with small CIP
volume fraction, the chains were so short and the number of
chains was so small that the lateral aggregation and the
rearrangement could be ignored when an oscillatory shear
was applied. So, the oscillatory shear had an obvious influ-
ence on the samples with large CIP volume fraction and few
influenced on the samples with small CIP volume fraction.
During the oscillatory shear, the chain structures would be
continually stretched and recovered, which led to the oscil-
lation of the resistance. The experimental results indicated
that the average peak–peak amplitude of resistance decreased
with the increase of the CIPs volume fraction and increased
with strain. At last, a particle–particle model and a semi-
empirical formula were proposed to investigate the resistance
of the MRFs and the theoretical results matched well with the
experimental results. This report would be benefit for the
applications of MRFs in electrical and sensor fields.
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