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Abstract. Magnetorheological bio-suspensions based membranes are fabricated using a microfiber cloth

soaked with a mixture of honey, turmeric powder and carbonyl iron microparticles. Plane capacitors

are manufactured by introducing the membranes between two parallel Copper plates. The electrical

conductivity and the relative dielectric permittivity of the membranes are measured in a static magnetic

field superimposed on an electric field with fixed frequency. The results show that the membranes can be

used for fabrication of devices which require a controlled release of the bio-active components found in

honey and TP, by fixing the value of magnetic field density.

1. Introduction
Homogeneous mixtures consisting from a liquid matrix, ferri/ferro-magnetic nano/micro-particles and

additives are known as magnetorheological suspensions (MRS) [1–3]. Physical properties of MRS, and

generally to any smart materials such as magnetorheological elastomers are significantly changed when

they are subjected to a magnetic and/or electric field [4–8]. These effects arise usually as a result of

various types of structures formed in the sample, such as from simple linear chains to complex fractal

patterns [9]. Experimentally, their structure is most often determined by using the small-angle scattering

technique [10], and the parameters are extracted in the framework of fractal theory [11, 12].

The liquid matrix used for fabrication of MRS is mainly mineral and synthetic oils, depending

on the application. For stabilization of the magnetizable phase are used additives such as guar-gum,

stearic acid etc. [13–16]. The magnetizable phase inside the MRS body consists from carbonyl iron

microparticles [1–3, 13].

However, most of the liquid matrices and additives are environmentally pollutant and toxic for the

human livings. Thus, their replacement with natural components for bio-medical applications is of high

interest in recent years. To this aim, in Ref. [17] have been fabricated MRS membranes with honey as

a liquid matrix and turmeric powder as additives. The mixture of honey and turmeric powder has been

soaked into a cotton cloth, and thus a hybrid MRS has been obtained, where electrical properties are

stable in the presence of an external magnetic field [17].

Here, we continue the investigations presented in Ref. [17] and significantly increase the volume

concentrations of the bio-active components. The obtained bio-membrane is used as a dielectric material

between the plates of a plane (flat) capacitor. The capacitance and resistance of the equivalent electrical

scheme of the capacitor are measured in a static magnetic field superimposed on an alternating electric

http://creativecommons.org/licenses/by/3.0
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Figure 1. The flat capacitor FC. 1 - textolite plate; 2 - bio-membranes based on MRS; 3 – electrical

conductors. Both the magnetic and electric fields are perpendicular on the plates of FC.

field with fixed frequency. From the obtained experimental data we extract information concerning the

variation of electrical conductivity and of relative dielectric permittivity with the magnetic flux density.

The obtained results can be used for fabrication of medical devices which require a controlled release

of the bio-active components from the mixture of honey and turmeric powder.

2. Materials and Methods
The materials used for fabrication of the bio-membranes based on MRS (bio-MRS) are: carbonyl iron

(CI), which is a powder consisting of microparticles with diameters between 4.5 and 5.4 μm, honey with

a density of 1.375 g/cm3 at 297 K, turmeric nano-powder with diameters between 12 and 20 μm and a

microfiber membrane. For fabrication of the flat capacitor (FC), two textolite plates covered with copper

on one side (TCu) are used.

The main steps for manufacturing the bio-MRS and of the flat capacitor are the following: first, a

volume of 1 cm3 of honey is mixed with 0.6 cm3 of carbonyl iron and with 0.4 cm3 of turmeric powder

until a homogeneous dark viscous liquid mixture is obtained. Then, the liquid mixture is deposited on the

microfiber cloth, and the membrane based on bio-MRS is obtained. Finally, the membrane is deposited

between the conducting sides of the two textolite plates and, after pressing, the plane capacitor with

length L = 40 mm, width l = 25 mm and distance between plates d0 = 1 mm is obtained, as shown in

Fig. 1.

The experimental setup used for measuring the capacitance and resistance of the bio-MRS membrane

is shown in Fig. 2. The setup consists of a continuous current electromagnet (not shown in Fig. 2) with

the capacitor FC and a hall probe h (of the gaussmeter G) between its poles. The values of magnetic flux

densities B are monitored with the help of the gaussmeter G. The bridge Br is electrically connected to

the terminals of FC.

3. Results and discussions
The flat capacitor is fixed between the poles of the electromagnet and its terminals are connected to the

RLC bridge Br fixed at frequency f = 1 kHz. For values of magnetic flux density between 0 and 300 mT

we measure the electrical capacitance and resistance of the equivalent circuit, in steps of 20 mT. During

the experiment, the bridge Br shows that the equivalent electrical scheme of FC consists from an ideal

capacitor connected in parallel with an ideal resistor. The corresponding capacitance Cp and resistance

Rp are presented in Fig. 3a and 3b. The results show that the capacitance increase with magnetic flux

density up to about 225 mT, and then it oscillates around a constant value at about 105 nF (Fig. 3a). The
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Figure 2. Experimental setup (overall configuration): FC - flat capacitor, Br - RLC bridge, G -

gaussmeter, h - hall probe, �B - magnetic flux density vector.

Figure 3. Variation with magnetic flux density B of the electrical capacitance Cp (a) and resistance Rp

(b) of the bio-membranes.

resistance has a slight increase up to about 2.9 kΩ for flux densities of 20 mT, and then it decreases close

to 0.1 kΩ at 300 mT (Fig. 3b).

When an alternating electric field of intensity E = E0e
−iωt is applied, the membrane between the

plates of the FC behaves as a dielectric, where the energy transported by the electric field is dispersed

and absorbed. Here, E0 is the amplitude, ω = 2πf is the pulsation, and i =
√−1. These effects can be

monitored by considering that the capacitance of FC is given by [18, 19]

C∗ ≡ ε∗r
S

d0
= C

′
(ω)− iC

′′
(ω) =

S

d0

(
ε
′
r(ω)− iε

′′
r (ω)

)
, (1)

where C∗ is the complex electrical capacitance, S is the common area between the plates, ε∗r is the

complex relative dielectric permittivity, C
′

and C
′′

are real and respectively, imaginary part of the

complex capacitance, ε
′
r is the relative dielectric permittivity and ε

′′
r is the dielectric loss factor.

In order to obtain ε
′
r and respectively ε

′′
r we consider that the dipole admittance is given by [18]:

1

Zp
=

1

Rp
+

1

iωCp
= ωε

′′
rC0 + iωε

′
rC0, (2)
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Figure 4. Variation with magnetic flux density B of the dielectric permittivity (a) and electrical

conductivity (b) of the bio-membranes.

where Zp is the impedance, and C0 is the electrical capacitance of FC without the bio-membrane. For

numerical values of the vacuum dielectric constant ε0 = 8.85× 10−12 F/m and distance between plates

of FC d0 = 10−3 m, the capacitance of FC without the membrane becomes C0 ≡ ε0S/d0 = 8.85 pF.

By identifying the real and imaginary parts in Eq. 2, one obtains: ε
′
r = Cp/C0 and ε

′′
r = 1/(ωC0Rp),

and by using the dependence Cp = Cp(B) from Fig. 3a one finally obtains the variation of dielectric

permittivity ε
′
r = ε

′
r(B) as shown in Fig. 4a.

The results show that the dielectric permittivity has a complex behavior with increasing B, and is

characterized by the presence of a minima at 15.3 mT with ε
′
r = 3883 followed by an almost linear

increase in the range 15.3÷ 239 mT and a maxim at 239 mT with ε
′
r = 12536. By using the well known

the relationship between electrical conductivity σ and the dielectric loss factor ε
′′
r [18] σ = ωε0ε

′′
r , one

can write that σ = ε0/ (C0Rp). Thus, for numerical values ε0 = 8.85× 1012 F/m, C0 = 8.85× 10−3 nF

and the dependence Rp = Rp(B) from Fig. 3b one obtains the variation σ = σ(B) as presented in

Fig. 4b. The curve σ = σ(B) has a quasilinear dependence on B, up to about 288 mT, where it reaches

a maximum at 0.01067 Ω−1m−1.

4. Conclusion
We have prepared bio-active membranes based on honey, turmeric powder, carbonyl iron microparticles

and a microfiber cloth. For honey volume fraction at 50 %, carbonyl iron microparticles at 30 % and

turmeric powder at 20 % soaked into the microfiber cloth, one obtains a biodegradable hybrid MRS

with a rich content of bio-active components. In a static magnetic field superimposed on an alternating

electric field with constant frequency, the relative dielectric permittivity and electrical conductivity can

be controlled by the applied magnetic field. This effect can be used in fabrication of medical devices

which, for pre-established values of magnetic flux density and intensities of electric field, can perform a

controlled release of the active components required for various medical treatments.
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