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We fabricate a hybrid magnetorheological elastomer (hMRE) based on a microfiber cloth soaked with a mixture containing
magnetorheological suspension (MRS) and silicone rubber (SR). Two parallel copper electrodes are attached to the hMRE and
the capacitance C is measured as a function of time ¢, for fixed values of magnetic flux density B. We show that C is stable in time
and is sensibly influenced by B, while the relative dielectric permittivity increases up to two orders of magnitude when B reaches
340 mT. We explain the physical mechanism which leads to the observed magnetodielectric effects. The obtained results can be

used for various biomedical applications such as in fabrication of active biomagnetic membranes used in dental implantology.

1. Introduction

Magnetorheological elastomers (MRE) together with mag-
netorheological suspensions (MRS) and gels (MRG) belong
to the class of active magnetic materials. They consist of an
elastic matrix, (i.e., natural/silicone rubber, etc.) in which
ferro/ferrimagnetic nano/microparticles [1-8] and additives
[9-11] are dispersed. In a magnetic field the elasticity state
and electrical properties of MRE can be sensibly changed
due to formation of aggregates inside the elastic matrix. This
property of MRE is often used in automotive industry for
manufacturing of dampers of magnetic shocks and vibrations
[12,13].

Formation of parallel metallic particles chains with
increasing the magnetic field intensity leads to significant
changes in the electrical conductivity of MRE [14], and
this effect can be used in fabrication of materials aimed at
shielding the electromagnetic radiation [15, 16]. However,
achieving preestablished values of electrical properties of

MRE is not an instantaneously process, since the magnetic
dipoles have to move inside a viscous or viscoelastic media
[17]. By using absorbing sponges, in [18] a high stability
of electrical properties during application of an external
magnetic field has been reported. It is well-known that MRS
are successfully used in fabrication of dynamic prostheses in
oral surgery [13], since it increases the positioning precision
of implants [19] and it isolates the patient’s bone from the oral
cavity [20, 21].

Here, we propose a low-cost approach for fabrication
of hybrid MRE (hMRE) in which the electrical properties
are stable when a magnetic field is applied. We present
the fabrication process of hMRE, and we describe the
experimental setup used to reveal the magnetodielectric
effects. It is shown that the relative dielectric permittivity
increases up to two orders of magnitude when magnetic
flux density reaches 340 mT. The obtained results can be
used for fabrication of bioactive membranes useful for dental
implantology and maxillofacial surgery [22, 23] by replacing
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FIGURE 1: Absorbent microfiber cloth with thickness 0.45 mm.

the microfiber cloths with organic membranes from Poly (D,
L-lactide). To this aim, a first step has been performed in
[24], where it has been shown that by dissolving of 0.5 g of
Poly (D, L-lactide) in 30 ml of chloroform, followed by a
dispersion of 0.10 g of bioglass, a bioactive membrane can
be obtained. Addition of ferro/ferrimagnetic powders leads
to formation of biomagnetic active membranes, which can
reduce significantly the time of the bone growth as well as
the quality of the added bone.

2. Materials and Methods

The materials used for fabrication of hMRE are silicone oil
(SO) from Silicone Commerciale SpA, with viscosity 100
cSt, density 0.97 g/cm® at 298 K, and ignition temperature
583 K; carbonyl iron (CI) powder from Sigma Aldrich with
particle diameters between 4.5 and 5.4 ym; and Fe content
of min. 97 %, silicone rubber (SR), type Globasil AL/40
from Globalsimchimica, catalyst (C), type Rhodosil Cata 6H,
from Bluestars Silicones, and absorbent microfiber cloth, type
Scotch-Brite from Emag, with thickness 0.45 mm.

The preparation of MRE is performed according to
the following procedure. Initially, three squared-shape
microfiber cloth are cut at dimensions 30 mm X 30 mm
(Figure 1). Inside one of the three microfiber clothes, two
parallel copper conductors with a diameter of 0.24 mm,
situated at a distance of 20 mm apart from each other, are
introduced (Figure 2).

Then, the three microfiber cloths are placed on top of
each other, with the one containing the copper electrodes
in the middle, and then they are sewed with cotton fibers
(absorbent/resistor body; Figure 3). Third, a volume of 10 cm®
of MRS is prepared at 523 K for about 10 minutes containing
30 % mass conc. of SO and 70 % mass conc. of CI, and then it
is homogenized until it reaches 353 K. The absorbent body is
weighted and then it is immersed for about 30 minutes in the
MRS. The obtained system soaked with MRS is kept at room
temperature for about 1 hour while the MRS excess is drained.
Then, the body is again weighted and the quantity absorbed
is found to be 3.8 g (i.e., 2 cm?).

Finally, a volume of 20 cm” is prepared consisting of 20
% vol. conc. of MRS, 70 % vol. conc. of SR, and 10 % vol.
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FIGURE 2: Fabrication of the absorbent body CL: L, microfiber cloth;
1 and 3, microfiber cloths without copper electrodes; 2, microfiber
cloth with copper electrodes a and b. The values of the lengths are in
mm.

FIGURE 3: Resistor body consisting from the microfiber cloth
(turquoise) and two parallel copper wires (reddish brown). Dimen-
sions are the same as in Figure 1.

conc. of C and then is poured over both sides of the system
soaked with MRS obtained in step (6). The MRE becomes
polymerized after about 24 hours, and it has a rough surface.
Several layers of SR (90 % vol. conc.) mixed with C (10 %
vol. conc.) are poured on the MRE, thus obtaining smooth
surfaces. Finally, after polymerization (about 24 hours) one
obtains the hMRE as shown in Figure 4.

The overall configuration of the experimental setup used
for investigating the electrical capacitance of hMRE in a static
magnetic field is shown in Figure 5, while an image of the
setup is shown in Figure 6.

3. Results and Discussions

The hMRE is introduced between the dipoles of the electro-
magnet, and by using an RLC bridge the electrical capacitance
is measured as a function of time ¢, with and without an
external magnetic field. In the latter case the capacitance
of hMRE is ngp = 0.085 nF. However, when B # 0 the
capacitance increases with B, but it remains stable with time,
as shown in Figure 7.

The average values of the capacitance (C,,), calculated
from the variations C = C(t) at fixed values of B in Figure 7,
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FIGURE 4: Image of the hMRE (E). Dimensions are the same as in
Figure 1.
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FIGURE 5: Experimental setup (overall configuration): EL, electro-
magnet; N and S, magnetic poles; hMRE, measuring cell; 1 and 2,
MRE body based on SR and, respectively, MRS; Br, RLC bridge; Gs,
Gaussmeter; h, hall probe; B, magnetic flux density vector.

show that they are sensibly influenced by magnetic flux
density B, with the highest value corresponding to B = 340
mT (see Figure 8(a), black dots).

Empirically, we found that the capacitance can be approx-
imated by

C,, =C’+KB", )

where C° is the capacitance of hMRE at B = 0 mT. By
performing the fit we obtain C° = 0.0885 nE, K = 88 x 10~
nF/mT, and n = 5. Thus, by introducing them in (1), one
obtains the variation C,, = C,,(B) as shown in Figure 8(a)
(continuous black line), which approximates very well the
experimental data (black dots). The results show also that the
experimentally measured value of the capacitance ngp is very

close to the theoretical one C°, which supports the empirical
formula given by (1). Also, at B = 340 mT, the average
capacitance is about 4.2 nF, and thus magnetodielectric effects
are induced inside hAMRE.

FIGURE 6: Image of the experimental setup: A, source of continuous
current; B, electromagnet; C, Gaussmeter; D, RLC bridge; 1, hall
probe; 2, hMRE; E, computing unit.
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FIGURE 7: Electrical capacitance C of hMRE as a function of time
t for fixed values of magnetic flux densities B. Dots, experimental
data; continuous lines. linear fit.

In order to evaluate quantitatively these effects, we assim-
ilate hMRE to an electrical plane capacitor, whose capacitance
is given by the well-known expression:

0
S
C°=% at B=0, )
and
e S
Cf":% at B+ 0, (3)

where €, is the vacuum dielectric constant, while €’ and €,,,
are the relative dielectric permittivities of hMRE without and,
respectively, with a magnetic field, S is the common surface
area between the plates of the capacitor, and  is the distance
between the plates. Thus, by using (2) and (3) one obtains a
measure of the magnetodielectric effects induced inside the
hMRE by the magnetic field, through

y=<%—l>x100. (4)

Introducing (2) and (3) in (4), one obtains the expression

erm
y=<€—0—1)x100. (5)
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FIGURE 8: Average electrical capacitance C,, (a) and the ratio y = (C,,/ C% — 1) x 100 (b) of AMRE as a function of magnetic flux density B.

Dots, experimental data; continuous black curve, fit using (1).

By using the dependence C,, = C,,(B) and the value C° =
0.0885 nF inside (4) we obtain in Figure 8(b) the variation
of y with magnetic flux density. The results show that the
relative dielectric permittivity of hMRE is strongly dependent
on the magnetic flux density, with magnetodielectric effects
increasing from y = 127% at B = 60 mT, to y = 10465% at B
=340 mT.

4. Conclusion

A new hMRE based on polymeric fabric, silicone rub-
ber, and MRS has been manufactured. We show that its
dielectric function is stable in time in the presence of an
external magnetic field. We show that the relative dielectric
permittivity of hMRE can be controlled in a magnetic
field. Its values increase about two orders of magnitude
when the magnetic flux density increases from 0 mT to
340 mT.

The obtained effect can be used in biomedical applica-
tions for fabrication of magnetic field sensors for patients
wearing cardiac peacemakers and prostheses. In particular,
by replacing the microfiber cloth with Poly (DL-lactide)-
based membranes consisting of electrolytic iron particles
and MimetikOss granules, the hMRE is a biomagnetic active
material which opens possibilities towards new trends in
dental implantology.
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available to download from Figshare or from the correspond-
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