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Composite Materials for Passive Antiradar Camouflage
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Abstract. In this study, a new solution for the development of an antiradar camouflage by overlaying
several mono-pigment polymeric structures in a composite structure is provided. In this respect,
powder materials with antiradar properties (carbon nanotubes, graphite, active charcoal, aluminum
trioxide) were embedded in polymeric matrices. The performances of the developed products were
tested using an experimental device for the measurement of electromagnetic efficiency within the
frequency range from 1 to 18 GHz.
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1.Introduction

Military forces use RADAR systems for air, land or naval surveillance. These RADAR systems
usually operate in the range of microwaves (1-12 GHz) [1]. The substances with properties in the field
of electromagnetic radiation absorption are called RAMs (Radio absorbing materials) [2], and may
include chemicals with regulated honeycomb-like crystal structures [3-10], with magnetic or dielectric
properties, able to absorb/attenuate the incident radiation coming from as many directions as possible.
The phenomena of microwave absorption take place due to the conversion of the incident radiation
beam into heat [11], and the material is more efficient as the level of reflected radiation is lower.

Nevertheless, there is no single material with high absorption rate at all the frequencies. Thus,
RAMs can be classified in resonant (for a narrow frequency band) and wide band absorbers. Wide
band RAMs are obtained, usually, by mixing different types of resonant materials [12,13]. Further, in
order to obtain composite materials, RAMs can be embedded in polymeric matrices [14]. Due to the
coating effect, the composite material presents its’ best efficiency when employing <1pum-particles
[10]. RAMs performances are often expressed using the term “shielding effectiveness” or
“electromagnetic efficiency”, and the measured parameter is the “attenuation” or “insertion loss”,
which indicates the ratio between the electromagnetic field in a point in space in the absence of the
material and the remaining field in the same point in the presence of the same material [6]. The
screening efficiency is influenced by the material’s structure, its’ thickness, the incidence angle and the
electromagnetic field’s frequency.

Various research papers present methods of obtaining and testing radar absorbing films and several
techniques of antiradar camouflage applied in stealth technology, but their disadvantage is represented
by the high production costs [15-20].

The aim of this study is to investigate various possibilities of obtaining antiradar camouflage
system using environmental-friendly and economically accessible materials. For the development of
camouflage materials, different allotropic types of carbon were employed: graphite, active charcoal,
fullerenes, and aluminum trioxide (Al203), the main aim being the widening of the frequency band in
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which the absorption takes place. The substances aforementioned were embedded in a polyurethane
elastomer and applied on a support as mono - pigment, both single - and multilayer. The advantages
given by such a material are: very low level of toxicity, since the polymeric material employed is free
of organic volatile solvents; simplicity and accuracy of application, by using painting classic
techniques; adaptability, since the material can be applied in various number- and thickness-wise
successive layers; high corrosion resistance, good mechanical, thermal and electrical properties [5, 21-
23].

2.Materials and methods
Materials

For the synthesis of the composite material, the following materials were employed as inorganic
fillers: ground graphite in different granular sizes (min. 95% wt purity, Reactivul), active charcoal
(min. 98% wt purity, CCSACBRNE), carbon nanotubes (min. 95% wt purity, Cheap Tubes), Al.O3
(min. 99.5% wt purity) and toluene (min. 99.8% wt purity) from Merck, solvent-free castor oil-based
hydroxyl functionalised acrylic polyol (NUPLEX®), solvent-free solvent-free diphenylmethane-based
aromatic polyisocyanate (COVESTRO®).

Graphite was prepared by grinding in a ceramic ball mill during 6 h, then by sorting by
granulometric size sorting, using a vibrating sieve shaker. Only the fractions remained on the 45 pum
and 38 pum sieves and the residual from the plate were selected.

Method for the synthesis of the composite materials

In order to fill the pores in charcoal and to untangle and reorient the fibers in the nanotubes case,
the active charcoal and the carbon nanotubes were wetted with organic solvent before incorporating
them in polyol (1:4 (w:w) filler:toluene).

In order to obtain the RAM composites, the following steps were pursuit at room temperature:
firstly, the inorganic fillers were weighed and mixed in liquid phase; secondly, component 1 (C1) was
obtained by dispersing the powder materials in polyol as C1A: 80:20 (w:w) polyol:filler (graphite,
Al;0O3) and C1B: 98:2 (w:w) polyol:filler (active charcoal, carbon nanotubes), using an ultrasonic
mixer, until a 50 pm-particle size was reached. The particle size was measured with a grindometer
(accordingly to SR EN ISO 1524:2013).

In order to create the chemical crosslinking for the coating to be applied on a support, component 2
(C2), the polyisocyanate, was added to C1 in the following ratios: 125:50 (w:w) C1A:C2 and 100:50
(w:w) C1B:C2. C2 was slowly added to C1 during 15 min before application on the support.

Further on, to obtain the samples, the binder polyol-polyisocyanate from the composite material
was poured in 250x250x7 mm molds. The composite material for the tests was applied on samples
with the mentioned dimensions, using classic painting method: by spraying, rolling or brushing. The
obtained composite materials were applied on samples in single or multi-layer. In Table 1 is presented
the configuration of the tested samples, where: PU is the polyurethane support; C.a. — the film
containing active charcoal with grain size d < 63 pum; G45 — the film containing graphite with grain
size 45 < d <63 um; G38 — the film containing graphite with grain size 38 < d < 45 um; GT — the film
containing graphite with the grain size d < 38 um (collected from the plate); Al.Oz — the film
containing the corresponding oxide; MWCNT (multi wall carbon nanotubes) — the film containing
carbon nanotubes; x — one layer; xx — two layers (the layer thickness of min. 50 pm).

Table 1. Composition of the tested samples

Sample number/ PU Ca. G45 G38 GT Al203 MWCNT
Raw material
1 X
2 X X
3 X X
4 X X
5 X X
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Characterization

In order to evaluate the shape and the spatial distribution of the particles, a scanning electronic
microscope (SEM) with thermo-ionic emission with wolfram filament for the electron beam VEGA I
LMU — Tescan was used. The SEM analysis was performed in high vacuum conditions, 6x10” Torr,
with the secondary electrons detector (SE), resolution view, emission voltage 30 kV or 5 kV versus
sample type and magnification required. In order to determine the performances, a testing setup was
made inside an anechoic chamber, illustrated in Figure 1.

A generator within the frequency range 9 kHz to 20 GHz was employed as high frequency
signal source, while the receptor (spectrum analyzer and amplifier) scanned within the range 2 Hz to
26 GHz; the operation mode: receptor/spectrum analyzer/vector analyzer. For both emission and
reception signals, antennas were set for frequencies between 1 GHz and 18 GHz. The measurements
were made at different frequencies from 1 to 18 GHz. For each frequency, the emitted power
(measured by the generator) and the reflected power (measured by the receptor) were recorded.

Anzchoie chamber

refarenca’reflecting material

absorbent panels ETS

emission-reception <
EETSOTS i Linderen Durazorb
4 DEH-600H

1 mheight // 1-m measurement
dizstanca tast material
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Figure 1. Setup for the measurement of the materials’ electromagnetic absorption potential

As reference, a nontransparent metallic plate with conductive properties was placed behind the
samples, having the role to reflect all the incident radiations that were not absorbed by the tested
material, so that the obtained results could be compared.

3. Results and discussions

Regarding the comparative evaluation of the raw materials, as shown in the images on the different
varieties of graphite (Figures 2-4), the graphite is a planar, layered structure. In the atomic plane, the
carbon atoms are arranged in a honeycomb-like structure.

Three out of the four valence electrons are part of covalent bonds, while the fourth is free to move,
giving to graphite both conductive properties and radiation absorption capacity, stopping the incident
radiation to be reflected back to the generator.
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Figure 2. GT graphite morphostructure
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Figure 3. G38 graphite morphostructure

o 4
SEMMAG: 5.01kx  SEM HV: 30.00 KV
Det: SE

Device: VEGA Il LMU

" VEGAN TESCANSEM MAG: 50 VEGAN TESCAN

et: SE
n Device: VEGA Il LMU
CASkx-30kV

Figure 4. G45 graphite morphostructure
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The active charcoal is a type of graphite processed as to expose micrometric pores, in order to
increase the adsorption surface. Structurally-wise, the active charcoal is represented by a conglomerate
of graphite microcrystals with ca. 20x20 A dimensions [24]. The morphostructure of the used active

charcoal is illustrated in Figure 5.
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Figure 5. Active charcoal morphostructure

The MWCNT used have a multi-stratified structure (Russian doll) [25]. Each nanotube comprises
two or more concentric tubes of different diameters, which can have different structures, generating a
wide variety of possible arrangements. The simplest arrangement is obtained when the concentric
layers have an identical structure, but different diameters. In normal conditions, they are bundled
together (Figure 6).

Figure 6. MWCNT morphostructure

Each material obtained during the study presents an insertion loss in a certain frequency band, while this
band varies from one material to another. In Table 2 there are illustrated the properties of the synthesized
RAMs. As one may notice, not all the materials are efficient in antiradar camouflage.

The highest insertion losses were obtained with carbon nanotubes, at frequencies between 5 and 17 GHz,
with G38 graphite at frequencies between 4-5 GHz and 16 GHz, with active charcoal between 4-5 GHz, and
with Al,O3 at 16 GHz. Based on these experimental results, several layers were applied in order to create the

widest frequency band efficiency.

Table 2. Insertion loss versus electromagnetic radiation frequency for mono-layer samples

Sample / Insertion loss
Frequency
(GH2) 2 3 4 5 6 7
(PUIC.a) (PU/G45) (PU/G38) (PU/GT) (PU/AL,03) (PU/IMWCNT)
1 2.0 18 13 1.2 13 1.6
2 11 0.5 0.6 0.1 0.3 3.6
3 2.2 13 27 18 0.8 3.2
4 5.0 - 5.9 35 2.7 3.8
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5 5.0 : 7.0 3.6 25 51
6 1.0 0.1 0.2 0.5 1.0 6.5
7 16 38 38 24 43 6.2
8 0.7 3.4 42 2.8 4.0 8.7
9 0.8 23 38 2.9 33 8.2
10 38 1.2 0.4 13 3.9 12
11 1.9 0.4 0.5 2.2 3.7 6.9
12 2.0 3.1 33 4.2 4.0 4.3
13 31 2.5 2.3 1.2 2.8 53
14 16 14 18 13 4.4 /3
15 1.0 16 0.4 1.2 2.6 31
16 2.6 3.0 5.4 46 5.2 2.8
17 15 3.1 2.8 3.6 0.9 136
18 3.7 2.8 2.7 3.0 2.7 0.6

For this purpose, the selected materials were the MWCNT, the graphite G38 and Al.Os. The
results, presented in Table 3, revealed that a higher concentration of MWCNT (the thickness of the
layer) provides a higher insertion loss (sample 7 versus sample 9). The multi-layer coating made of
successive layers of graphite, MWCNT and Al>Oz generate the highest values of insertion loss on the
entire spectrum of tested frequencies (no attenuation below 4 dB), while the neat polyurethane binder
does not present antiradar properties.

Table 3. Insertion loss for different incident radiation frequencies in the case of the

multi-layer samples

Sample/Insertion loss
Frequency, 8 9 10
GHz L ! (PUIG38/ (PUIMWCNT/ (PUIAL,03/G38/
(PU) (PU/MWCNT) MWCNT) MWCNT) MWCNT)
1 11 1.6 3.8 19 4.0
2 2.6 3.6 55 5.7 6.0
3 12 3.2 5.6 4.9 5.3
4 18 3.8 7.2 7.0 6.9
5 14 51 7.2 74 7.3
6 3.0 6.5 9.8 8.7 7.9
7 0.1 6.2 7.3 8.7 9.6
8 2.3 8.7 5.8 124 14.0
9 3.3 8.2 7.6 143 143
10 2.2 7.2 6.3 13.3 12.0
11 2.3 6.9 7.2 8.9 8.9
12 2.3 4.3 9.6 6.2 6.9
13 14 53 7.1 4.3 7.2
14 19 7.3 12.3 105 10.8
15 0.8 31 124 6.7 4.5
16 21 2.8 14.9 8.8 10.7
17 0.1 13.6 5.8 4.5 104
18 15 0.6 2.3 0.9 4.1
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4. Conclusions

The aim of this paper was to study the possibility of developing composite materials for antiradar
camouflage by embedding RAMs in polymeric matrices (bicomponent polyurethane binder) and
applying them as paint-like layers. It was observed that the main performance parameter of RAMs was
based on the symmetrical, multi-stratified honeycomb-like crystalline structure. Amorphous
substances, such as polymers, do not possess such qualities. Thus, to obtain a wide absorbed frequency
band, the composite material must be a multi-layer structure, with several mono-pigment layers
applied on the support. The absorption rate is heavily influenced by the thickness of the layers. By
choosing an appropriate layer thickness, the width of the absorption band can be considerably
enlarged, both in the case of frontal and oblique incident radiation. From the tested RAMs, the graphite
with a grain size d < 38 pm, the MWCNT and the Al,Oz were the elements that influenced in a
positive way the insertion loss, each one in a different frequency band. To cover a wider range of
microwave frequencies, a multi-layer antiradar structure was developed, each layer containing one of
the aforementioned absorbents. Insertion losses above 4 dB were obtained, for frequencies between 1
to 18 GHz, up to 14 dB in X band, which conducts to the conclusion that the materials obtained may
be further tested for implementation as antiradar camouflage materials.
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