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Abstract
This work reported novel multifunctional carbon filler-doped magnetorheological plastomers
(CMRPs) and their magnetic–mechanical–conductive coupling properties. Here, the one-
dimensional carbon fillers, such as carbon micro-fibers (CFs), carbon nanotubes (CNTs) and
their mixtures (CFs and CNTs) were dispersed into the matrix for the final product. It was found
that the CMRPs with 7.5 wt% CFs and 0.5 wt% CNTs had an excellent magnetorheological
(MR) effect (2200%) and magnetic field dependent electrical property. Specifically, the
resistance was reduced by two orders of magnitude with the magnetic field increasing from 0 to
900 mT. Moreover, the relationship between resistance and strain was also discovered. The
resistance increased by three orders of magnitude due to the amplitude of oscillation, which was
10% in the absence of the magnetic field, while the resistance would decrease by three orders of
magnitude under a 900 mT magnetic field. The variation range of the resistance increased with
the increasing oscillation amplitude, and the period of the resistance was half of the period of the
strain. To conclude, the possible mechanism for the multifunctional properties was discussed.
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1. Introduction

Magnetorheological (MR) materials are a kind of magnetic
intelligent material which are prepared by dispersing soft
magnetic particles in different matrixes. Usually, the MR
materials are mainly classified as magnetorheological elasto-
mers (MREs), magnetorheological fluids (MRFs) and mag-
netorheological gels (MRGs). Because the MR materials have
controllable rheological properties and their mechanical
behavior can be changed rapidly and reversibly, the MR
materials are widely applied in dampers [1–4], shock

absorbers [5–7], and isolators [8–11] etc. Recently, magne-
torheological plastomers (MRPs) which are composed of
carbonyl iron powders in soft polymer matrixes have attracted
increasing interest because of their high MR effects and sta-
bility. Upon applying an external magnetic field, the iron
powders in MRPs arranged into particle chains. After
removing the magnetic field, the chain-like structures can be
maintained for a period of time and the storage modulus of
MRPs was still high. However, the matrix of MRFs had no
restriction on the iron powder particles, and the storage
modulus of MRFs was almost zero after removing the
magnetic field. The matrix of MREs was mostly rubber, so it
had large elasticity. After removing the magnetic field, the
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iron powder particles moved due to the recovery of defor-
mation, which broke the chain structure of particles. Owning
to the unique magnetic field dependent microstructure and
mechanics, the MRPs have a broad application prospects.

The mechanical properties of the MR materials are highly
dependent on the matrix, additives, particles, and interfaces
between the particles and matrix. In consideration of the
special physical and chemical characteristics in the MRPs, the
additives play critical roles in determining the MR behavior.
It was reported that the inorganic additives were favorable for
improving the mechanical properties of MR materials. For
example, adding the silicon carbide into the matrix could
enhance the mechanical properties and durability of the
MREs [12]. The organoclay [13] and plate-like iron particles
[14] could improve the dispersibility and stability of the iron
particles in MRFs. However, few works have been done on
studying the influence of additives on the MRPs.

Carbon materials are often used as composite fillers due
to their excellent mechanical and electrical properties. 1D
carbon nanotubes (CNTs) and carbon micro-fibers (CFs) were
doped in the matrices of polymer [15], cement mortar [16],
silicon carbide [17], metal [18], rubber [19] and others to
form multifunctional composites, thus achieving high shear
strength, bending strength, stiffness and durability [20, 21].
Moreover, because of the excellent conductivity of the CNTs,
CNT composites are widely used in electrodes [22, 23],
sensors [24, 25], super capacitors [26, 27]. Though the con-
ductivity of the CF was not so good, the uniform distribution
of the CFs in the polymer matrix also enables good
mechanical properties. The combination of CFs and other
conductive fillers, such as graphite [28], carbon black [29]
and silver nanowires [30], in the matrix can both improve the
conductivity and mechanical properties. More importantly,
the CFs and CNTs hybrid additives also exhibit such a
synergistic effect [15, 31, 32].

Multifunctional MR materials with magnetic–mechan-
ical–conductive coupling properties are attractive in various
areas of application, such as sensors, dampers, etc. There-
fore, the 1D carbon fillers have been used to construct
various MR materials with enhanced mechanical properties
and conductivity. Li et al found that a small number of
CNTs could improve the shear storage modulus of con-
ventional MREs [33]. By wrapping the polymethyl metha-
crylate coated iron particles with multi-walled CNTs, the
rheological properties in MRFs can be clearly enhanced
[34]. Moreover, some researchers poured the MRFs into the
CNT foams to improve their compression capacity by
applying a magnetic field [35]. Recently, Jang et al devel-
oped a multifunctional MRE sensor composed of

polydimethylsiloxane mixed with ferromagnetic particles
and CNTs. It was found to be sensitive to the strain under
the magnetic field [36]. The nickel-coated multi-walled
CNTs were also dispersed in the MRGs to improve the
storage modulus and damping properties [37]. Due to the
importance of MRPs, the investigation of the carbon filler-
doped MRPs was attractive for both academic study and
practical applications. For example, the graphite doped
conductive MRPs could be used to construct a magnetically
dependent on–off switch [38]. Unfortunately, the systematic
investigation of the effect of the 1D carbon fillers on the
multifunctional MRPs has not been reported.

In this work, 1D carbon filler-doped magnetorheological
plastomers (CMRPs) were prepared by dispersing both CFs
and CNTs in MRPs via a solution mixing method. The
mechanical properties and conductivity of CMRPs with dif-
ferent contents of CF and CNT were investigated. A optimum
CFs/CNTs ratio was obtained for achieving the synergistic
effect. The influences of strain and magnetic field on the
resistance were studied and the structure-evolution mech-
anism was discussed. Finally, the relationships between the
resistance and the oscillation frequency and amplitude in a
shear oscillation mode were carefully analyzed. Because of
their excellent electrical and mechanical properties, they
present broad potential in sensors and dampers.

Table 1. Compositions of CMRPs.

Sample No. 1 2 3 4 5 6 7 8 9 10

Polyurethane (g) 10 10 10 10 10 10 10 10 10 10
CF (wt%) 0 0 0 0 8 15 7.5 7 14.5 14
CNT(wt%) 0 4 6 8 0 0 0.5 1 0.5 1

Figure 1. Schematic of the test device including: (a) a modulab
material test systems, data storage and analyzing system; (b) a
commercial rheometer equipped with a magneto-controllable
accessory MRD180.
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2. Experimental

2.1. Raw materials

The raw materials are: polypropylene glycol (PPG-1000,
Sinopec Group Co. Ltd, China), toluene diisocyanate (TDI, 2,
4-TDI at B80%, 2, 6-TDI at B20%, Tokyo Chemical Industry
Co. Ltd, Japan), diethylene glycol (DEG, Sinopharm Che-
mical Reagent Co. Ltd, Shanghai, China), carbonyl iron
powders (CIPs, type CN, BASF aktiengesellschaft, Ger-
many), carbon nanotubes (CNTs, Conductive Materials of
Luelida Co. Ltd, Xinxiang City, Henan province, China)
(Conductivity: 100 S cm−1), carbon fibers (CFs, New

Material Technology of Zhongli Co., Ltd, Cangzhou City,
Hebei province, China) (Conductivity: 700 S cm−1), sodium
dodecyl benzene sulfonate (SDBS, Sinopharm Chemical
Reagent Co. Ltd, Shanghai, China), acetone and alcohol
(Sinopharm Chemical Reagent Co. Ltd, Shanghai, China).

2.2. Sample preparation

Firstly, polyurethane was prepared as the polymer matrix for
MRP. TDI and PPG with a molar ratio of 3:1 were added to a
flask and continuously stirred for 2 h. The reaction temper-
ature was maintained at 80 °C. Later, the temperature was set

Figure 2. SEM images of (a) MRPs and (c) CMRPs without pre-configuration; (b) MRPs and (d) CMRPs after pre-configuration. The red
arrow represents the direction of the magnetic field. (e) and (f) were the SEM images of CNTs and CFs.
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to be 60 °C and DEG was added into the reactor. After half an
hour, the preparation of the polyurethane was completed.

Then, CNTs and CFs were dispersed by a solution
mixing method [39]. The carbon materials (CNTs and CFs)
and SDBS with a weight ratio of 5:1 were homogeneously
dispersed in 200 ml alcohol/acetone (1/1, v/v) mixed solvent
in a flask by stirring for 2 h. A given amount of polyurethane
was added into the solution and kept under ultrasonication for
about 24 h. After that, the CIPs were added to the reactant
under vigorous mixing. Finally, the product was moved to the
drying oven to remove the residual ethanol and acetone.

By varying the CF and CNT concentrations, ten CMRPs
were prepared. The compositions of CMRPs are shown in
table 1.

2.3. Testing system

In our experiment, the mechanical and electrical properties of
samples were carried out by a commercial rheometer (Physica
MCR301, Anton Paar Co., Austria) equipped with a magneto-
controllable accessory MRD180 (figure 1(b)), a modulab
material test system (MTS, Solartron analytical, AMETEK
advanced measurement technology, Inc., United Kingdom),
and data storage and analyzing system (figure 1(a)). The
sample was 1 mm in thickness, 20 mm in diameter, and the
test voltage was 4 V. When testing the mechanical properties,
the conductive layer and insulation layer in the rheometer
were removed.

3. Results and discussion

After the preparation, the CIPs and CNTs/CFs were uni-
formly dispersed within the polyurethane matrix. Then, a
magnetic field was applied, the CIPs (figure 2(a)) were
assembled to form particle chains in the direction of the

magnetic field (pre-configuration) (figure 2(b)). Due to the
constraint of the matrix, the CIPs particle chains could be kept
stable after removing the magnetic field. Figures 2(c) and (d)
showed the SEM images of the CNTs/CFs doped MRP.
Clearly, many large micro-rods with length around 100 μm
were found in the matrix. Due to the large size scale, the
micro-rods could not be driven along the magnetic field
although the CIPs tended to be. The CFs were randomly
dispersed within the matrix and formed a more complex
three-dimensional structure together with the CIPs particle
chains. Here, the size of the CNTs was rather smaller than the
CFs (figures 2(e), (f)), thus the CNTs could hardly be
observed in the SEM image due to the low concentration.

The mechanical properties of the CF doped CMRPs (CF-
CMRPs) and CNT doped CMRPs (CNT-CMRPs) were tested
by using a rheometer. Figure 3(a) showed the magnetic field
dependent shear storage modulus (G′) of CMRPs with dif-
ferent contents of CFs. Obviously, with increasing the
magnetic flux density, G′ increased. The G′ of 8 wt% CF-
CMRPs increased by 2.1 MPa with the magnetic flux density
increasing from 0 to 900 mT. Here, the relative MR effect
reached 5000%. (The MR effect was defined as ΔG′/G0′, in
which ΔG′ was an increase of storage modulus with the
magnetic flux density increasing from 0 to 900 mT. G0′ was
the storage modulus under a 0 mT magnetic field.). When the
content of CF was 15%, the G′ increased by 2.3 MPa and the
relative MR effect reached as high as 6500%. Clearly, the CFs
strengthened the MRPs and the MR performance increased
with the CF content. Interestingly, the CNTs presented a
inverse effect. As shown in figure 3(b), although the initial
storage modulus (G0′) of CNT-CMRPs sharply increased with
the CNT content, the saturation G′ decreased, so that the MR
effect was greatly reduced. Typically, the G0′ with 4 wt%
CNT-CMRPs was 0.37MPa, the saturation G′ was 1.84MPa,
and the relative MR effect was 390% (figure 3(b)). As soon as
the content of CNT reached 8 wt%, the G0′ increased to

Figure 3. The storage modulus of CMRPs in different magnetic flux density: (a) CMRPs with different CF contents corresponding to 8 wt%,
15 wt%. (b) CMRPs with different CNT contents corresponding to 4 wt%, 6 wt%, 8 wt%. The microscopic evolution of the CMRPs after
applying the magnetic field in (a) and (b). The purple balls represent the iron particles, the green lines represent the CFs, the red dots represent
the CNTs.
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1.38MPa, and the saturation G′ decreased to 1.77MPa, the
relative MR effect was only 28%.

In this work, due to the low density, the CNTs formed a
dense network structure within the matrix and thus hindered
the movement of iron powders. Under application of the
magnetic field, the increment of the storage modulus was
small due to the weak magnetic dipole–dipole interaction
between the far away CIPs. For CFs, they depicted a larger
size than the CNTs, thus the as-formed networks were sparse.
These micro-rods exhibited a smaller hinderance on iron
powders than CNTs. Moreover, there would be many phy-
sical crosslinking points between the CFs and the CIPs chains
formed under applying the magnetic field. These complex
structures inevitably increased the storage modulus of the
CMRPs, thus the enhanced MR effects were achieved. Based
on the above results, it could be concluded that the CNTs
affected the particle chains and too many CNTs presented a
negative influence on the mechanical properties of CMRPs.
As a comparison, the suitable ratio of CFs was favored for the
MR effect.

Because of the conductive CFs and CNTs, the con-
ductivity of the final CMRPs was improved. Figures 4(a), (b)
showed the effect of CF and CNT contents on the resistance.
Before the tests, a 900 mT magnetic field was first applied for
5 min to ensure the CIPs in the CMRPs be aggregated to form
a chain structure. When the CFs and CNTs were introduced,
the resistances decreased, respectively. The initial resistance
(R0) of 15 wt% CF-CMRPs was about two orders of magni-
tude lower than that of non-doped MRPs. Moreover, the R0 of
the 8 wt% CNT-CMRPs reduced by about five orders of
magnitude lower than that of non-doped MRPs. Therefore,
the CNTs were more effective for improving the conductivity
than CFs because more electro-paths would be formed in
the MRPs.

Interestingly, the resistance of the MRPs decreased with
an increase in the magnetic field. Under a 900 mT magnetic
field, the resistance of 8 wt% CF-CMRPs decreased to
2.76×105Ω, and the resistance of 8 wt% CNT-CMRPs
decreased to 97Ω, which was reduced by four orders of
magnitude than the equivalent weight CFs doped MRPs’

Figure 4. (a) and (b) were the resistance of CMRPs in different magnetic flux density: (a) CMRPs with different CF contents corresponding to
8 wt%, 15 wt%, (b) CMRPs with different CNT contents corresponding to 4 wt%, 6 wt%, 8 wt%. (c) The relative resistivity (ΔR/R0) of the
CMRPs with different CF and CNT contents. ΔR was an increase of resistance with the magnetic flux density increasing from 0 to 900 mT.
R0 was the resistance under a 0 mT magnetic field. (d) The volume resistivity (ρ) of CMRPs with different CNT contents.
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resistance. The relative resistivity (ΔR/R0) of 8 wt% CF-
CMRPs was 94%, but the relative resistivity of 8 wt% CNT-
CMRPs was only 22% (figure 4(c)). It further demonstrated
that the CNTs had a good electrical conductivity, but hindered
the movement of CIPs, which affected the formation of par-
ticle chains, thus the CNT-CMRPs had a lower MR effect.
Here, the influence of the CNT concentration on the volume

resistivity (ρ) was studied. From figure 4(d), it was observed
thatρ decreased with an increase of the CNT content. The ρ

values of the 4 wt% CNT-CMRPs and 8 wt% CNT-CMRPs
were 7.05×105Ω and 3.87×101Ω respectively, which
indicated the percolation threshold was between 4 and 8 wt%.

Based on the above result, it can be estimated that ideal
multifunctional MRPs could be obtained by doping both of

Figure 5. The storage modulus and resistance of CMRPs in different magnetic flux density. (a) and (b) CMRPs with 8 wt% CF contents, a
mixture of 7.5 wt% CF and 0.5 wt% CNT, a mixture of 7 wt% CF and 1 wt% CNT. (c) and (d) CMRPs with 15% CF contents, a mixture of
14.5 wt% CF and 0.5 wt% CNT, a mixture of 14 wt% CF and 1 wt% CNT. (e) and (f) were the relative MR effect (ΔG′/G0′) and the relative
resistivity (ΔR/R0) of CMRPs.
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the CFs and CNTs together within composite (CF/CNT-
CMRPs). Therefore, there must be a optimum CFs/CNTs
ratio for CF/CNT-CMRPs with both excellent mechanical
and conductive properties. In this work, by keeping the total
weight of the CFs/CNTs constant, the influence of the CNTs
ratio in the CFs/CNTs hybrids was studied. As shown in
figure 5, the saturation G′ of CMRPs increased with carbon
filler contents. The G′ of CMRPs with 8 wt% carbon fillers
under a 900 mT magnetic field was 0.2 MPa higher than that
of the MRPs without carbon fillers (figure 5(a)). When the
content of carbon fillers was 15%, the saturation G′ increased
by 0.72MPa (figure 5(b)). Similarly, the relative MR effect
decreased with the CNT contents. As shown in figure 5(e), the
relative MR effect of CF/CNT (7/1)-CMRPs was 430%,
which was 1/5 of the CF/CNT (7.5/0.5)-CMRPs’ and 1/10

of non-doped MRPs’. Moreover, in case of 15 wt% carbon
fillers doped MRPs, the relative MR effect of CF/CNT
(14/1)-CMRPs was only 130%, which was 1/8 of CF/CNT
(14.5/0.5)-CMRPs’ and 1/50 of non-doped MRPs’.

Moreover, the resistance of CF/CNT-CMRPs decreased
sharply with increasing CNT contents. In absence of the
magnetic field, the R0 of CF/CNT (7.5/0.5)-CMRPs was
reduced by one order of magnitude less than that of non-
doped MRPs and the R0 of CF/CNT (7/1)-CMRPs was
reduced by four orders of magnitude. When applying a
magnetic field, the resistance of the CMRPs decreased in
different degrees. The resistance of CF/CNT (14.5/0.5)-
CMRPs decreased from 8.80×104 to 5.43×102Ω and the
resistance of CF/CNT (14/1)-CMRPs decreased from 250 to
91Ω with the magnetic field increasing from 0 to 900 mT.
This result indicated that the CF/CNT-CMRPs showed
excellent conductivity. Figure 5(f) showed the influence of
magnetic field on CMRPs with different carbon filler con-
tents. The relative resistivity (ΔR/R) of CF/CNT (7.5/0.5)-
CMRPs and CF/CNT (14.5/0.5)-CMRPs were 99%, which
was higher than that of others (8 wt% CF-CMRPs, CF/CNT
(7/1)-CMRPs, 15 wt% CF-CMRPs, CF/CNT (14/1)-
CMRPs). That was to say, a certain number of CNTs can
improve the relative resistivity, but CMRPs with too many or
too few CNTs were not sensitive to the magnetic field. In
summary, CF/CNT (7.5/0.5)-CMRPs had best mechanical
and electrical properties. More importantly, the conductivity
of the CF/CNT-CMRPs with a CF/CNT ratio of 7.5/0.5 was
most easily controlled by magnetic field.

Besides the magnetic field, the influence of strain on the
resistance of CMRPs was also investigated. Take the CF/
CNT (7.5/0.5)-CMRPs as a example (figure 6). In the
absence of the magnetic field, the resistance increased by
1.5 MΩ with the strain increasing from 0% to 30%. In con-
trast, the resistance first increased slightly and then decreased
by 400Ω under the 900 mT magnetic field. As we know, the
particle chains in the CMRPs were destroyed due to the shear
strain. Without the magnetic field, the conductive network

Figure 6. The resistance of CMRP filled with 7.5 wt% CFs and 0.5 wt% CNTs under the strain increasing from 0% to 30%. (a) Without
magnetic field; (b) under a 900 mT magnetic field. The sample was 20 mm in diameter and 1 mm in thick. The strain increased linearly from
0% to 30%. The test time was 60 s.

Figure 7. The resistance of CMRPs filled with 7.5 wt% CFs and
0.5 wt% CNTs. Such as: under a oscillation shear with a step
amplitude which was 0.1%, 1%, 5%, 10%, respectively. The red dots
showed the test results without the magnetic field, and the blue
showed the test results with a magnetic field increasing from 0 to
900 mT.
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composed of CFs and CNTs would be destroyed thus the
conductivity decreased. In the presence of a magnetic field,
the increase of the resistance at the beginning was due to the
abrupt application of shear strain leading to the destruction of
the pre-structured particle chains. As the test time grew, the
scattered iron powders would closely arrange along with the
magnetic field and chains were reconstructed. In this case, the

movement of the iron powders drove the CFs and the CNTs
to connect with iron particle chains to form a better con-
ductive network, thus the conductivity increased.

To further investigate the relationship between the resist-
ance and the inner-structure of CMRPs, the resistance and the
storage modulus of CMRPs under a different dynamic shear
oscillation mode were tested. The shear amplitudes were 0.1%,

Figure 9. (a) The strain and (b) the resistance at different oscillation frequencies. The oscillation amplitude was 1% and the oscillation
frequencies were 0.1 Hz, 0.2 Hz, 0.4 Hz, respectively. (c) The resistance and (d) the change in resistance at different oscillation amplitude.
The oscillation frequency was 0.1 Hz and the oscillation amplitudes were 0.1%, 1%, 5%, 10%, respectively.

Figure 8. The microstructure evolution of CMRPs during the oscillatory shear. Purple balls represent the iron particles, green lines represent
the carbon fibers, red lines represent the carbon nanotubes.
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1%, 5%, 10%, respectively. Every shear oscillation process
occurred with the alternation of magnetic field on and off. In
figure 7, the resistance increased from 1.44×103 to
8.34×106Ω with 10% oscillation amplitude in the absence of
magnetic field, and the storage modulus decreased from
5.65×104 to 5.31×103 Pa. When the magnetic field was
applied, the resistance decreased from 8.34×106 to 1×103Ω
and the storage modulus increased from 5.31×103 to
1.63×104 Pa. This further confirmed the particle chains were
destroyed by strain and re-formed due to application of the
magnetic field. It was found that the larger the amplitude of the
oscillation, the greater the range of resistance variations.

Figure 8 illustrated the microstructure evolution of the
resistance and storage modulus of CMRPs under a dynamic
shear mode. When oscillatory shear occurred, the pre-con-
figuration particle chains were tilted. With increasing ampl-
itude of the oscillation, the iron powder particle chains were
broken. That was why the resistance increased and the G′
decreased. At this time, a magnetic field was applied, and the
iron particles re-formed new chains with the surrounding
particles and more closely with each other. So the resistance
decreased sharply and the G′ increased correspondingly. Due
to the shear oscillation and the magnetic field, CFs and CNTs
moved with the iron particles to form a better conductive
network.

The influences of the frequencies on strain and resistance
during one oscillation period were investigated. The experi-
ments were carried out at a 900 mT magnetic field. As shown
in figure 9(a), the oscillation amplitude was 1% and the
oscillation frequencies were 0.1 Hz, 0.2 Hz, 0.4 Hz, respec-
tively. The trend of strain with time was sinusoidal. The
periods were 10 s, 5 s, 2.5 s, respectively. Interestingly, the
trend of resistance with time was also sinusoidal (figure 9(b)).
Moreover, the periods of resistance were 5 s, 2.5 s, 1.25 s,
respectively. It was found that the resistance change period
was half of the strain change period.

The resistance at different oscillation amplitudes which
were 0.1%, 1%, 5%, 10% was shown in figure 9(c). The

oscillation frequency was 0.1 Hz. Clearly, with an increasing
oscillation amplitude, the change range of resistance also
increased. As shown in figure 9(d), at 0.1% oscillation
amplitude, the change in resistance was only 2Ω. As soon as
the oscillation amplitude was 10%, the range of resistance
was 270Ω. This showed that the resistance changed with the
strain. The larger the strain variation range, the greater the
resistance variation range.

Figure 10 showed the recovery and repeatability of the
resistance of the CMRPs in the case where the magnetic field
alternately turned on and off. The sample was placed in a
900 mT magnetic field for 15 min before testing. The magn-
etic field was then switched on and off alternately, each
lasting for 30 s. It can be seen that when the magnetic field
was turned on the resistance can be quickly reduced to
2×103Ω. When the magnetic field was turned off, the
resistance quickly rose to 6×104Ω. Clearly, the peak of the
resistance of each alternating process was almost the same.
This showed that the recovery of the resistance was good and
the sample can be reused.

4. Conclusions

In this study, a novel multifunctional MRPs strengthened with
1D CFs/CNTs carbon filler were developed. It can be found
that CFs and CNTs improved the MR effects and conductivity
of the MRP, respectively. Therefore, the combination of CFs
and CNTs in MRPs was favorable for both the mechanical
and electrical properties. When the CFs/CNTs ratio was 7.5/
0.5 wt%, both the mechanical properties and conductivity of
the CFs/CNTs-CMRPs were highly dependent on the
magnetic field. G′ increased by 2MPa and the resistance was
reduced by two orders of magnitude with the magnetic field
increasing from 0 to 900 mT. Interestingly, the relative MR
effect could reach 2200% for this concentration. More
importantly, we can choose the appropriate ratio of CFs and
CNTs according to the practical application. For instance,
some applications required higher MR effects and the ratio of
CFs should be higher and other applications needed higher
conductivity and thus the ratio of CNTs should be higher. In
addition, we applied an oscillatory shear with different
amplitudes to the CMRPs. It can be concluded that the
resistance increased by three orders of magnitude in the
absence of a magnetic field and decreased by three orders of
magnitude after applying a magnetic field. Furthermore, the
period of the resistance was half of the strain and the ampl-
itude of the resistance increased with the strain amplitude.
Finally, the CFs/CNTs-CMRPs presented a excellent
recyclable magnetic field dependent conductivity, which
exhibited broad potential in their further applications.
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