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Analysis of Microwave Absorbing Properties of Epoxy
MWCNT Composites
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Abstract—In the ongoing search for new materials for microwave absorption applications, Carbon
Nanotubes deserve a special consideration due to their outstanding properties. In this paper, microwave
absorbing properties of epoxy resin based composites containing commercial Multi Walled Carbon
Nanotubes used as fillers have been analyzed. The complex permittivity of the composites was measured
in a wide frequency band (3-18 GHz). The absorbing properties of a single-layer absorber backed by a
metallic plate considering several concentration of CN'T's was simulated taking into account the measured
permittivity.

1. INTRODUCTION

There is an increasing demand for lightweight and Radar Absorbing Material (RAM) in both commercial
and military applications. Carbon Nano Tubes (CNTs) and graphene have already been investigated for
microwave absorption applications [1-5] due to their great thermal stability, reluctance toward chemical
agents and excellent mechanical and electrical properties. CNTs are much more attractive for the
preparation of RAMs with respect to graphene and graphene oxide [6] since they have a lower cost of
production and are less troublesome to disperse in host polymers. Even at low filler contents, they can
improve mechanical and electrical performances of the host polymer [7].

Moreover, CNTs have aspect ratios (i.e., length vs diameter ratio) that can exceed 1000. These
special properties make CNTs excellent candidates for high strength and electrically conductive polymer
nano-composite applications.

Hence, the analysis of electromagnetic properties of composites based on different polymers matrix
and CNTs is a very popular topic in material sciences. Recently, CNTs with epoxy resin have also been
addressed (see for example [8-13]).

In this paper, the properties of a commercial epoxy resin filled with different concentrations of
Multi Walled Carbon Nano Tubes (MWCNTs) were analysed. Starting from the samples realization,
the complex permittivity was measured in a wide frequency range (3-18 GHz) with a commercial sensor.
The microwave absorbing properties of a one-layer absorber backed by a metallic plate were then
investigated by means of numerical simulations considering a plane wave incidence on the dielectric
stratification and a transmission line approach [14].

In Section 2, the sample preparation, morphological analysis and complex permittivity
determination are addressed. In Section 3, the simulation results of the reflection coefficient of one-layer
absorber for normal and oblique incidence are discussed.
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2. CNT COMPOSITES CHARACTERISTICS

The samples were prepared using a commercial epoxy resin: Epilox, T 19-36/700. It is a modified, low
viscosity epoxy resin with a reduced crystallization tendency. It was chosen because it is thermoset and
can withstand high temperatures. Commercial MWCNTSs were used (Nanothinx, diameter 6-10nm,
length > 10 pm, purity > 90%) and samples with different MWCNT concentrations (0.5, 1, 3, 5wt.%)
were prepared. Weight percentages greater than 7 wt.% were not considered because in that case it is
very difficult to realize homogeneous samples and it is not cost effective.

2.1. Morphological Analysis

MWCNTSs used in this work were analysed by Raman spectroscopy [15]. The Raman spectra were
obtained using a Renishaw micro-Raman system with the 514 nm green laser and a Charged-Coupled
Device (CCD) as a detector. The microscope used a 50X objective lens to focus the laser beam on each
sample surface, and the size of the focused laser spot on the sample was 2 um. All measurements of
the MWCNTSs powder were performed at room temperature (see Fig. 1). In the Raman spectrum of
MWCNTSs two wavenumber ranges are most relevant; the first feature, located in the range of 1000-
1700 cm ™1, is related to the G and D bands of carbon. They are the peaks used to estimate defects (D)
and graphitization grade (G). The second spectrum range (2200-3500 cm™!) is the second-order Raman
spectrum. In these features we can identify the overtone of the D vibration mode, G’ or 2D band, and
the second order of the D and G peak. Field Emission Scanning Electron Microscopy (FESEM Zeiss
Supra-40) images of cryo fractured samples are shown in Fig. 2. They show the outer CNT structures
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Figure 1. Raman spectrum of MWCNTs.
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Figure 2. (a) FESEM analysis on bundle of MWCNTSs as it is. (b) Nanocomposite at 3% of MWCNTs.
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and the dispersion degree of the filler inside the polymeric matrix. CNTs, because of Van der Waals
forces, are usually bundled (see Fig. 2(a)). Most bundles unbind when a strong shear force is applied.

2.2. Sample Preparation

The MWCNTSs were dispersed in Epilox in different concentrations using the following procedure [16]:
e MWCNTSs and Epilox T 19-36/700 quantities were weighted with a digital balance and preliminary
mixed together.

e The mixture was dispersed using an UltraTurrax mixer for 10 minutes in order to create a well
dispersed solution.

e A curing agent (Epilox Hardner H 10-31: liquid, colourless, modified cycloaliphatic polyamine
apoxide adduct) was added to the mixture in 6 : 10 ratio with respect to epilox and was stirred
mechanically for 10 minutes.

e The nanocomposite was sonicated for 30 minutes in order to help the unbind of MWCNT bundles.
e The mixture was slowly poured into cylindrical molds with a diameter of 20 mm.

e The nanocomposite was degassed in a vacuum chamber for 20 minutes.

e The final product was dried in an oven for 3 hours at 70° C.

An example of pure epilox and epilox with MWCNT samples is shown in Fig. 3(b). The samples
shape and thickness was defined in order to measure their dielectric properties as explained in Section 2.3.

(b

Figure 3. (a) Measurement setup. Agilent sensor (85070D) and Network Analyzer (E8361A).
(b) Samples compared with a one euro coin.

2.3. Complex Permittivity Measurements

The complex permittivity of pure Epoxy resin filled with MWCNTs was measured in the frequency range
3-18 GHz using a commercial capacitive sensor (Agilent 85070D) and a Network Analyzer (E8361A, see
Fig. 3(a)). A standard calibration short/air/water was performed before each measurement. This
measurement system was chosen because it allows a wide-band characterization and can be used on
samples of small dimensions. Free-space measurements, for example, require at least 150 x 150 mm
samples, whereas the waveguide method needs an accurately manufactured sample to be inserted in
the waveguide and many waveguides of different dimensions are necessary to cover a wide frequency
range [17]. In our study, in order to satisfy the requirements of the measurement setup, cylinders of
20 mm in diameter and around 15mm in thickness were used. Agilent 85070D dielectric probe kit is
particularly suited for measurements on liquids with a typical accuracy on the dielectric constant of
+5% and of £0.05 on tand. It can be used also on solids, as written in the manual of the instruments,
provided that samples have a smooth, flat surface with gap-free contact at the probe face. Several
measurements were done on reference solids with known characteristics (plexiglass, crystal, gold) in
order to check the feasibility of the measurements on solid samples.
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Various samples for each type were made to check the repeatability of our fabrication procedure.
Particular attention was paid to the realization of a smooth and flat surface in order to ensure a good
contact with the probe.

On each sample, the measurement was done several times with different sensor positions in order
to check the homogeneity of the sample. In Fig. 4 results for composites having different MWCNT
concentrations (0.5, 1, 3, 5 wt%) are shown and compared with pure Epilox resin. As expected,
both the real and imaginary part of the permittivity increase with the increase of the MWCNT
concentrations [18].
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Figure 4. Complex permittivity of the pure Epoxy resin and with different MWCNT concentrations.

3. NUMERICAL RESULTS

Starting from the knowledge of the permittivity, the absorbing properties of polymers with different
contents of MWCNT's were analysed considering one-layer of given thickness (d), backed by a metallic
plate (see Fig. 5). Considering an incident plane wave with parallel (T'M) and perpendicular (T'E)
polarization, the one-layer absorber can be modelled as a transmission line of given modal impedance
(see Fig. 6):

wp
215 = - 0
21,22
k1,22
ZTM — z ,Z 2
Ty = e )

where w = 27 f, p is the magnetic permeability and the longitudinal (k,) propagation constant of the
plane wave in medium 1 and 2 are defined as:

k.1 = k1 cost
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being k.1 = kzo = k1sinf. For dielectric absorbers the permeability is unity.
Modelling the transmission line of length d with the 2-port transmission matrix A defined as:

ay = Anby + Ajzaz

4
b1 = Az1by + Axsan )

where aj,a9,b1,be are incident (a;) and reflected (b;) power waves at port 1 and 2, the reflection
coefficient at the input port can be written as:

Ao — As

T
A — Aoy

(5)
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Figure 9. Reflection coefficient ((a) T'E polarization, (b) T'M polarization) at different angle of

incidence for the case 5 wt.% (thickness d = 3mm).
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where the matrix terms can be evaluated as a function of the modal impedances of medium 1 (free-space)
and medium 2 (layer of composite).

The reflection coefficient obtained for a normal incidence of one-layer of thickness d = 3 mm for
different CN'T concentrations is shown in Fig. 7 considering the values of complex permittivity measured
for each case. As expected, the increase of the relative permittivity values with the concentration
produces a minimum in the reflection coefficient. For a 5% concentration a peak of —18dB at 8 GHz
is obtained. The position of the minimum can be tuned by varying the thickness of the layer as shown
in Fig. 8. Fig. 9 presents a 5% concentration with different angles of incidence for both TE and T'M
polarization showing that the reflection coefficient remain less than —10dB.

4. CONCLUSION

In this paper, a type of MWCNTs as filler in Epoxy resin for application as microwave absorber was
analysed. Samples with different concentrations (0.5, 1, 3, 5 wt.%) of the same type of MWCNTSs were
made. Their complex permittivity was measured with an Agilent capacitive sensor in a wide frequency
band (3-18 GHz). To analyse the microwave absorbing properties, a one-layer structure backed by
a metallic plate with a plane wave incidence was modelled with a transmission line approach. The
reflection coefficient, for normal and oblique incidence, was calculated by considering in the model the
measured permittivity values.

Our study clearly show that the values of complex permittivity increase by increasing the filler
concentration.

The reflection coefficient evaluated for a one-layer geometry can reach —18 dB for 5 wt.% MWCNTs
concentration. This result confirm the possibility of multi-walled nanocomposites to be a candidate as
microwave absorber.

Next steps will be oriented to increase performance of our nanocomposite using other types of
MWCNTs and to analyse and tune an n-layer structure.
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