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ABSTRACT: The present work evaluates a multilayer structure based on epoxy resin for stealth technology. The structure 
consists of two absorber layers with nanoferrite and a resistive layer between them containing polyaniline (PANI) with and without 
carbon nanotube (CNT). The best reflection loss result multilayer structure analyzed was Ni-PANICNT-Fe with RL = –22dB at 
11,9 GHz, justified by higher conductivity loss due to the CNT in PANI epoxy composite.
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INTRODUCTION

In recent years, radar absorbing materials (RAM) have attracted considerable attention due to their potential use in stealth 
technology, military radar, satellite and electronic equipment applications. Importantly, these materials must be absorbing 
electromagnetic energy over a wide frequency range while being adapted to protect the military object such as aircraft, submarines 
and armored vehicle from enemy radar detection (Choi and Jung 2015). In addition, they must be lightweight, corrosion resistant, 
strongly absorbed over a wide frequency range and have mechanical strength (Zhou et al. 2018). To develop such materials, 
multilayer structures composed of magnetic and dielectric particles have been studied in order to meet such properties (Moitra 
et al. 2017). In the present work, the microwave absorption properties of a triple layer system of epoxy resin composites, consisting 
of two absorptive layers with magnetic charges and, between them, a dielectric layer, was carried out to be used in stealth technology.

EXPERIMENTAL

To obtain the dielectric charges, the synthesis of pure polyaniline (PANI) was performed with and without carbon nanotube 
(CNT) (Calheiros et al. 2017). For magnetic charges, nanoferrites were synthesized (Oliveira et al. 2017). Subsequently, the 
dispersion of the charges on the epoxy resin was performed. For dielectric materials, a ratio of 80/20 wt %, Epoxy/PANI with and 
without the presence of CNT (PANICNT) was established. Magnetic charges were also dispersed in epoxy resin in the proportion 
of 94/6 wt%, Epoxy / Ferrite, using NiFe2O4 (Ni) and Fe3O4 (Fe) nanoferrites.
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For characterization of the monolayers, reflectivity (RL), real (ɛ’) and complex (ɛ’’) permittivity, and real (µ’) and complex (µ’’) 
permeability were obtained from the network vector analyzer (VNA) model. Agilent N5230C PNA-L, X-Band (8.2 to 12.4GHz), 
with dimensions of 22 × 10 × 1 mm. Then two multilayer structures were assembled, as shown in Fig. 1, where the ferrite layers 
are called absorber layers and the PANI layer are the resistive layers. With these structures, the reflectivity, also measured in the 
VNA (Fig. 2), and its respective percentages of absorbed energy (Ea) were obtained.

Figure 1. Multilayer structure: (a) PANI and (b) PANICNT as dielectric layers.
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RESULTS

Figure 3 shows the permittivity and permeability results for the monolayers. For the dielectric samples, the permittivity 
values (Fig. 3a) were justified by the mechanisms generated through the interaction of the charges with the electric field, such as 
conductivity, dipole and interfacial polarizations and relaxations. It was observed that those properties for PANICNT are higher 
in relation to PANI, which may be justified by the presence of CNT that promotes more interfacial polarizations than only PANI. 
For ferrite composites, the values are similar for Fe and Ni permeability, caused by the natural resonance of nanoferrites (Fig. 3b).

Figure 4 presents the RL for the monolayers and Fig. 5 for the multilayer where they were assembled based on the study by 
Choi and Jung (2015), where a resistive layer is placed between two absorbent layers. The absorbing layer was placed in contact 
with air due to impedance matching that promotes wave penetration in material and minimizes reflection at the interface. The 
second layer is resistive, which promotes conduction loss, further increasing absorption. The third layer also promotes absorption, 
since the residual energy that has been transmitted to the last layer will be fully absorbed.

Figure 4 shows that PANICNT had the worst performance, since the added CNT may have improved matrix conductivity. 
The best performing monolayers were Ni with RL of -5.5 dB (Ea = 74%) at 8.5 GHz and PANI with -4 dB (Ea = 60%) at 11.5 GHz. 

Figure 2. Set up for RL measurement.
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The values shown are low due to the amount of load added, requiring other resources to improve attenuation. To this end, a 
multilayer system was assembled so that it can increase the absorption of the material (Fig. 1).

Figure 5 shows that RL values increased considerably compared to monolayers. It was found that the order of the absorber 
layers slightly increases the value of RL, depending on the resistive layer between them; for example, when the resistive layer 
is PANI and Fe is in contact with air, RL = –16 (Ea = 97%) at 12.4 GHz, and when the resistive layer is PANICNT and Ni in 
contact with air, a RL = –22 dB (Ea = 99.1%) at 11.9 GHz was obtained, emphasizing that the multilayer structure is a broadband 
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Figure 3. Results of monolayer (a) permittivity and (b) permeability.

Figure 5. RL for multilayer structures. 

Figure 4. RL for monolayers
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frequency. This result may be justified by the presence of CNT, which presents dielectric charges as it promotes greater energy 
dissipation through ohmic loss, and transfers this energy to the free electrons, so that it can move within the material, increasing 
the conduction loss. Moreover, PANICNT generates greater number of interfacial polarizations and, consequently, creates more 
multiple internal reflections at boundaries that further promote wave absorption, as observed by Najim et al. (2015). Thus, this 
epoxy resin multilayer system has great potential for use in stealth technology.

CONCLUSION

The results showed the effect of an epoxy matrix in multilayer structure on absorbing properties with application in stealth 
technology. Monolayer results showed that the Ni-particle matrix had an RL of –5.5 dB at 8.5 GHz. The multilayer Ni-PANICNT-Fe 
structure obtained the best result of RL = –22 dB at 11.9 GHz, which is a promising result to be used in this technology.
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