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A B S T R A C T   

Structural, optical, and absorption properties of nano-composites iron powder/carbon nano-sphere/polyvinyl 
alcohol (Fe/CNs/PVA) for electromagnetic (EM) wave absorber based on CNs from bamboo fiber studied by 
X-ray diffraction (XRD), Fourier transforms infra-red (FTIR), and vector network analyzer (VNA), respectively. 
The existence of the diffraction peaks identified by crystal orientation (hkl) (004), (224) and (115) with FWHM, 
strain, and working frequency increases with increasing the activation temperature indicated the formation of 
the new structures. These findings consistent with the distance (Δ(LO-TO)) between two optical phonon vi-
brations mode increases indicated that, the stable covalent bonding formation of Fe/CNs/PVA particles increase 
with increasing the temperature activation of CNs. Temperature activation of the CNs play an important role in 
expanding the frequency up to 5.56 GHz with reflection loss (RL) − 23.16 dB, indicated that a new type absorber 
for attenuating 99% EM wave. This study shows that the FTIR spectra could be useful for determining the optical 
properties, phonon vibration, dielectric function, and energy loss function of composite Fe/CNs/PVA.   

1. Introduction 

The development of modern technology has succeeded in creating 
sophisticated electronic devices and telecommunications systems, 
contributing to increasing the electromagnetic (EM) radiation [1–11]. 
The EM radiation in the environment resulted in the crosstalk or inter-
modulation in the form of electromagnetic interference (EMI). For 
reducing the EMI problem, the scientist in the world has attracted the 
attention of looking at the new absorber of EM wave with broad ab-
sorption frequency [1,2,7,9–12]. The effort to produce the EM wave 
absorber is not only by paying attention to the lightweight and excellent 
absorber properties but also by thin [1,3,7,9–14]. 

Generally, microwave absorber materials are classifying into two 
categories: dielectric loss material and magnetic loss material based on 
their mechanism and function in absorbing the EM wave [1,15–17]. 
Single dielectric or magnetic materials are usually incapable due to the 
high impedance that causes the poor to absorb EM waves [2–4,8]. 
Ref. [1–6,9,18,19] reported that the iron is a material with excellent 
magnetic characteristics for absorber of EMI but should be combining 

with other materials to form the composite. The additional organic 
matter, such as carbon in the form of composite, could be useful for 
increasing the absorption performance of EMI [1,3,4,7,9–11]. Com-
posite iron-carbon shows the stability of the chemical bonds [1,4,8,9], 
low density [10,11,20], the surface of the electron interactions is broad 
[7,9]. Some references also used activated carbon [1,7,9–11], stacked 
porous carbon nanosheets [21], porous carbon network [22], biomass 
reinforced [23], Co/C composite [24], and carbon nano-sphere [13,14], 
which used to stabilize the structure of metal oxides and avoid the for-
mation of unstable bonding between the atoms on the surface and 
interface of the composite [1,9,11]. High-frequency absorption and also 
stable performance in absorbing EM waves of new type’s nano-
composites are still challenges. The utilization of CNs for attachment of 
iron particles high potentials for reducing the magnetic properties and 
increasing the absorption frequency [1,5]. Applying the temperature 
treatment in the activation of CNs could be useful for reducing the un-
stable bonding at the surface, which contributed to expanding the ab-
sorption of EM waves. By using CNs, the electromagnetic wave 
absorption performance improves [13,14], which is probably due to the 
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dipole relaxation, and also the stable bonding between the atoms at the 
surface is increasing [1,7]. 

The carbon nano-spheres (CNs) are synthesized from bamboo fibers 
using the simple method described in detail in our previous study in 
Ref. [25] with average particle size is 23 nm which determined from the 
transmission electron microscope (TEM) image. The activation tem-
perature of carbon nano-spheres was varied for increasing the stable 
bonding at the surface, which was useful for increasing the EMI ab-
sorption performance. The effect of activation temperature of CNs on the 
structural, optical, and absorption properties as the fundamental 
knowledge to understand the mechanism and the relation between these 
properties in supporting the performance of the nanocomposites 
Fe/CNs/PVA has not experimentally investigated adequately. The CNs 
from the bamboo fibers are high potential for using a matrix to attach 
the Fe particles and reduce the magnetic properties of nanocomposites 
Fe/CNs/PVA. In this study, by applying Kramers Kronig (KK) relation in 
the quantitative analysis of the FTIR spectra, the optical properties in the 
form of the refractive index (n) and extinction coefficient (k) determined 
and then continue to find the dielectric function (e) and energy loss 
function (Im (− 1/e)). XRD spectra used for the analysis of structural 
properties and VNA used to determine the absorption properties in the 
form of reflection loss (RL) and the working frequency of nanocomposite 
Fe/CNs/PVA. From an analysis of the optical properties, the longitudinal 
(LO) and transversal (TO) optical phonon vibration identified. The 
relation between structural and optical properties to the RL and working 
frequency of nanocomposites Fe/CNs/PVA for various CNs activation 
temperatures used to find the best characteristic in supporting the 
composite material performance. 

2. Experiment 

2.1. Materials 

Carbon nanosphere (CNs) is synthesized from bamboo fiber as re-
ported in our previous study in Ref. [25], Polyvinyl Alcohol (99.5% PVA, 
Merck), Iron Powder (Fe) was purchased from Sigma-Aldrich in a form 
of carbonyl-iron powder, low in magnesium and manganese com-
pounds, ≤99.5%, resistivity 9.71 μΩcm, impurities ≤ 0.01% total Ni-
trogen (N) and grain size 5–9 μm [1]. Aquades (H2O, Merck). 

2.2. Sample preparation 

The carbon nano-spheres (CNs) are synthesized from bamboo fibers 
using the simple method, for the activation temperatures: (A) 105 ◦C, (B) 
155 ◦C, (C) 205 ◦C, (D) 255 ◦C and (E) 305 ◦C. We found the average 
particle size is 23 nm by transmission electron microscope (TEM), for 
more detail about synthesis and activation processes was described in 
detail in our previous study [25]. About 15% of CNs taken for each 
activation temperature with the total amount of CNs + Fe is 15 g for 
homogenized using Mixing MM Retsch at the frequency of 10 Hz for 30 
min. The homogeneous sample is putting in a cup, added 5 ml PVA 2%, 
and then stirred for 30 min at the temperature 50 ◦C and constant speed 
600 rpm. After samples became slurry, the samples were pelleting with a 
thickness of 2 mm, 3 mm, and 4 mm for each composition using a hy-
draulic compactor with a pressure 50 kPa for 5–7 min. The pellet sam-
ples were heating by using a furnace at 80 ◦C for 5 h. The illustration 
synthesis process of nano-composites pellets for the absorber of EM 
waves in this study is in Fig. 1. 

2.3. Sample characterization 

Samples were characterized to determine the ability of wave ab-
sorption using Vector Network Analyzer (VNA) (Rohde & Schwarz, 
ZVHB) with a frequency range from 3.5 GHz to 8 GHz [1]. The chemical 
bonds from the functional groups and the optical properties of the 
nano-composite Fe/CNs/PVA were analysis from the Fourier transform 

infrared (FTIR) spectra (IRPrestige-21 FTIR spectrometer (Shimadzu 
Corp)) and the structural properties by X-ray diffraction (XRD) (Shi-
madzu 7000) with radiation CuKα (λ = 1.5405 Å) angular range 20◦

≤2θ ≤ 60◦, which is operated at 30 kV and 10 mA. 

3. Results and discussion 

3.1. XRD analysis 

Fig. 2 shows the XRD spectra (a) for full spectra, (b) for diffraction 
peak at (110), and (c) for (114) of nano-composites Fe/CNs/PVA for 
various activation temperatures of CNs; 105 ◦C, 155 ◦C, 205 ◦C, 255 ◦C, 
and 305 ◦C for 2θ from 20◦ to 60◦. The crystalline phase is formed at 
crystal orientations (hkl) peaks: (002), (104), (110), (004), (224) and 
(115) based on the previous studies for CNs [25]. Peaks (002) indicate 
the miller index of hexagonal graphite structure [1], crystal orientations 
(hkl) peaks: (104) and (110) from Fe [1]. Based on Fig. 2 (c), it can be 
seen that for 2θ at 56.8◦ there is still a carbon crystal phase in the CNs for 
the activation temperature 105 ◦C. By the increasing, the activation 
temperature indicated (B), (C), (D), and (E) in Fig. 2 (a) respectively for 
155 ◦C, 205 ◦C, 255 ◦C, and 305 ◦C shows the crystalline phase shifts 
towards amorphous phase (for more clearly see Fig. 2 (c), for diffraction 
peak (114)) which is a good characteristic for reducing magnetic 
properties [5,6,16]. For crystal orientations (hkl) at (004), (224) and 
(115) are indicated the new bonding connection between CNs-Fe-PVA 
particles [1,25]. The average crystallite size (see Table 1) is around 

Fig. 1. The schematic diagram of synthesis nanocomposites Fe/CNs/PVA for 
the absorber of EM waves application. 

Fig. 2. XRD spectra of nanocomposites Fe/CNs/PVA with CNs at activation 
temperature (A) 105 ◦C, (B) 155 ◦C, (C) 205 ◦C, (D) 255 ◦C and (E) 305 ◦C. (a) 
for full spectra, (b) diffraction peak for (110), and (c) for (114). 
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9–15 nm which was calculated by using the Scherrer equation [16]: 

Lc=
Kλ

β cos θ
(1)  

where Lc is the average crystal size (nm); K is the Scherrer parameter 
that was taken to be 0.89; λ is 1.54056 nm for Cu is the source of the 
radiation, and β is the full width half maximum (FWHM) in radians. The 
dislocation density (δ) (see Table 1) calculated by the following equation 
[7]: 

δ=
1

Lc2 (2) 

Fig. 3 shows the relationship between the FWHM and the strains of 
nanocomposites Fe/CNs/PVA for the activation temperature was varied 
105 ◦C, 155 ◦C, 205 ◦C, 255 ◦C, and 305 ◦C. By increasing the activation 
temperature shows strongly influenced the FWHM and the strain value, 
the new structures formed [3,11,16,20]. Fig. 2 of the XRD spectra 
confirm that the new structure formation indicated by the new peaks 
increases as the temperature increases. For small FWHM values strongly 
correlated with granules of CNs with fewer defects [9,13] and by the 
increase of the strain value, and the dislocation density indicates the 
amount of the defect due to the breaking bond between the atoms or by 
missing the atoms in the arrangement is increased. The defect will create 
pore, which leads to a decrease in mechanical properties. The crystallite 
size determined from the analysis of the XRD spectra in Fig. 2 by using 
eq. (1) and the dislocation density by eq. (2) are shown in Table 1. 

3.2. FTIR analysis 

Fig. 4 shows FTIR spectrum of nanocomposite Fe/CNs/PVA for an 
activation temperature of CNs was varied as indicated in the figure by 

(A) 105 ◦C, (B) 155 ◦C, (C) 205 ◦C, (D) 255 ◦C and (E) 305 ◦C at the 
wavelength in between 500 and 4000 cm− 1. It can be seen in Fig. 4 that 
carbon with an activation temperature increase from 105 ◦C to 305 ◦C 
forming O–H, C–H, C–––C, C––C, C–O and Fe–O bond. At the wavelength 
3429 cm− 1 is O–H bond which is a hydrogen bond in alcohol compound, 
C–H bond at the wavelength 2918 cm− 1 is an alkane compound, C≡C 
and C––C bond at the wavelength 2343 cm− 1 and 1544 cm− 1 is 
contributed from CNs. For the wavelength 1027 cm− 1 is C–O bond. 
Bonding of compounds at the wavelength 1027 cm− 1 to the wavelength 
3429 cm− 1 is a bonding in the CNs that has been synthesized from 
bamboo fiber [25] and at the wavelength 575 cm− 1 is Fe–O bonds which 
were the intensity decrease with increasing the activated temperature of 
the nano-sphere is may due to the phase change from crystal to the 
amorphous phase of carbon [25]. For activation of CNs at high tem-
peratures shows the dominant amorphous phase which facilitates the Fe 
atom attaches on CNs by covalent bonds [1]. The intensity of the C––C 
bond at a wavelength of 1544 cm− 1 changes from width to narrow after 
being formed into nanocomposites Fe/CNs/PVA due to the structural 
properties changed. The C–O bond at wavelength 1027 cm− 1 is a com-
pound type of alcohol group which plays a role in increasing the 
dispersion of PVA, where PVA acts as binders on nanocomposites ma-
terials forming uniform bonding between CNs and Fe particles. It is 
indicated that the nanocomposite Fe/CNs/PVA in this study produces a 
better magnetic network to reflect EM waves [1,7,9]. The PVA can in-
crease the dielectric losses due to the dipole relaxation and the interface 
relaxation [8,17]. PVA’s amorphous nature in composite Fe/CNs/PVA 
facilitates the rotational motion of (O–H and C–O) dipolar group 
attached to polymers as a side-chain dipole. Ref. [26,27] reported three 
dipole relaxation processes: first, at low frequency, is associated with the 
rotation of the functional group around the main chain axis. Second, at 
middle frequency is the result of the orientation of polar functional 
group O–H or C–O existing in PVA’s side chain. The third is dipole 
relaxation at high frequency due to the rotational motion of the polar 
functional (O–H) attached to the PVA’s side chain. For the amorphous 
phase, the interfacial and dipole relaxation are enhancing, which would 
significantly increase the dielectric permittivity and relatively low 
dielectric losses, consequently increasing microwave absorption. The 
optical properties, dielectric function, and the energy loss function can 
be derived from the quantitative analysis of electron spectroscopy 
spectra [7,9,19,28–33] and from the infra-red spectroscopy [34–36] as 
used in this study by applying Kramers Kronig (KK) relation. The optical 
properties in the form of the refractive index (n) and extinction 

Table 1 
Crystallite size, dislocation density, LO, TO, and (Δ=(LO-TO)) from the quan-
titative analysis of XRD spectra in Fig. 2 for nanocomposites Fe/CNs/PVA with 
CNs with activation temperature was varied; (A) 105 ◦C, (B) 155 ◦C, (C) 205 ◦C, 
(D) 255 ◦C and (E) 305 ◦C.  

Sample 
ID 

Crystallite 
size (nm) 

Dislocation 
density (nm− 2) 

LO 
(cm− 1) 

TO 
(cm− 1) 

Δ(LO-TO) 
(cm− 1) 

(A) 42.31 0.0006 665 565 100 
(B) 20.35 0.0024 673 560 113 
(C) 49.70 0.0004 657 570 87 
(D) 18.97 0.0028 654 570 84 
(E) 29.02 0.0019 680 560 120  

Fig. 3. FWHM and strain values from the quantitative analysis of XRD spec-
trum of Fe/CNs/PVA nanocomposites for various activation temperature: (A) 
105 ◦C, (B) 155 ◦C, (C) 205 ◦C, (D) 255 ◦C and (E) 305 ◦C. 

Fig. 4. FTIR spectra of nanocomposite Fe/CNs/PVA with CNs at activation 
temperature (A) 105 ◦C, (B) 155 ◦C, (C) 205 ◦C, (D) 255 ◦C and (E) 305 ◦C. 
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coefficient (k), the dielectric function in the form of the real part (ε1(ω)) 
and the imaginary part (ε2(ω)), and the energy loss function Im 
(− 1/ε1(ω)). For these purposes, the FTIR spectra converted from the 
transmittance spectra to the reflectance spectra as follows [34,37,38]: 

A(ω)= 2 − log[T(ω)%] (3)  

R(ω)= 100 − [T(ω)+A(w)] (4) 

The refractive index n(ω)is for the real part and the extinction co-
efficient k(ω)is for the imaginary part [34–38]: 

n(ω)= 1 − R(ω)
1 + R(ω) − 2

̅̅̅̅̅̅̅̅̅̅
R(ω)

√
cos ϕ(ω)

(5)  

k(ω)=
2

̅̅̅̅̅̅̅̅̅̅
R(ω)

√
sinϕ(ω)

1 + R(ω) − 2
̅̅̅̅̅̅̅̅̅̅
R(ω)

√
cos ϕ(ω)

(6)  

where ϕ(ω)is the phase change between for the photon signals from the 
incident to the reflection after passing through the FTIR spectroscopy 
system described by the equation as follows: 

ϕ(ω)= −
ω
π

∫∞

0

lnR(w′

) − lnR(ω)
ω′ 2

− ω2
(7)  

by applying K–K relation, equation (7) become: 

ϕ
(
ωj
)
= −

4ωj

π x Δω x
∑

i

ln
( ̅̅̅̅̅̅̅̅̅̅

R(ω)
√ )

ω2
i − ω2

j
(8)  

j is a series of wavenumber, if j is an odd number so then i parts is 2,4,6,8, 
…,j-1,j+1 and while wavenumber j is an even, i parts is 1,3,5,7, …,j-1, 
j+1, … Δω = ωi+1 − ωi. The intersection point of n and k related to the 
optical intersection with the lattice indicated by the dotted line in Fig. 5 
for transverse optical (TO) phonon mode at the lower wavelength and 
longitudinal optical (LO) phonon vibration at a higher wavelength. The 
distance between two optical phonon mode (Δ(LO-TO)) shows shorter at 
the activation temperature 255 ◦C and the longer at 305 ◦C. The closer 
distance (Δ) at the temperature 205 ◦C and 255 ◦C are due to the non- 
uniformity lattice and less stable structure effect of cohesion force be-
tween Fe and CNs in the composite [34,38,39]. 

Dielectric function in the form of the real part ε1(ω)and imaginary 
part iε2(ω)determined from the relations, respectively, as follows: 

ε1(ω)= n2(ω) − k2(ω) (9)  

ε2(ω)= 2n(ω)k(ω) (10) 

Real (ε1(ω)) and imaginary part (ε2(ω)) of dielectric function are 
shown in Fig. 5 (middle). These peaks are mainly in the range from 520 
cm− 1 to 570 cm− 1. The optical properties change with the change the 
temperature in nanocomposite may due to the atomic bonding still 
adjusted and rearranged to form stable bonding with a new structure 
[34,40,41]. The stable bonding formation between Fe and CNs as a filler 
shows at the higher temperature indicated by the distance between two 
optical phonon modes (Δ(LO-TO)) is higher. 

Table 1 shows the LO and TO positions taken from Fig. 5 (top), and 
the distance (Δ) between two optical phonon modes. The TO and LO 
modes can be identified also from the main peak of the imaginary part 
(ε2 (ω)) of the dielectric function in Fig. 5 (middle) and the energy loss 
function (Im (− 1/ε1(ω))=( ε1(ω))/((ε2

1(ω)+ε2
2(ω)) in Fig. 5 (bottom), 

respectively. The energy loss function usually the same as the plasma 
frequency as reported in Refs. [7,9,19,28–33]. The detail wavenumber 
of LO, TO, and (Δ=(LO-TO)) of nanocomposite in this study clearly 
shown in Table 1. 

3.3. VNA analysis 

Fig. 6 shows the absorption of electromagnetic waves on nano-
composite pellets using VNA in the frequency range from 3.5 GHz to 8 
GHz. In this study, the effect of temperatures on the reflection loss (dB), 
frequency (GHz), and bandwidth for various thickness can be seen 
clearly in Table 2. Table 2 shows the highest RL for the higher activation 
temperature of CNs. Samples with a thickness of 2 mm show working 
frequencies from 5.21 GHz to 5.26 GHz. For 3 mm, the working fre-
quency has decreased to 4.70 GHz; for 305 ◦C, it reaches the working 
frequency of 5.56 GHz, which is similar for all different thicknesses. 
Sample with a thickness 3 mm has RL from − 18.78 dB to − 23.16 dB, for 
4 mm, at temperature 105 ◦C has RL -18.61 dB with working frequency 
4.68 GHz and the highest RL is − 23.64 dB for 305 ◦C with working 
frequency 5.09 GHz. Thus, the highest RL of these three samples found 
in samples with a thickness of 4 mm for activation temperature 305 ◦C. It 
indicates that the thickness is an essential parameter for increasing the 
reflection loss and the electromagnetic waves absorption level, which 
may indicate the stability of the structure and the bonding formation for 
new types of materials in the absorption of EMI. It can also see the effect 
of activation temperature in increasing the FWHM and the strain in the 
composite, which may directly correlate to increasing the absorption of 
EMI. The working frequency for all nanocomposites in this study shows 
the potential to attenuate 90% of EM wave due to the RL value less than 

Fig. 5. The refractive index and the extinction coefficient (top row), the real and imaginary dielectric function (middle row) derived from the quantitative analysis of 
FTIR spectra in Fig. 4 and the energy loss function Im (− 1/ε1(ω)) (bottom row) derived from the dielectric function for nanocomposite Fe/CNs/PVA as a function of 
activation temperature of CNs. The optical phonon vibration mode indicated by TO for transversal optical and LO for longitudinal optical. 
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− 10 dB and the potential to attenuate 99% for RL value less than − 20 dB 
[1,7,9–14]. By using CNs the working frequency of nano-composites 
Fe/CNs/PVA in absorbing EM waves increased to 5.56 GHz, which 
were higher than the previous studies by using nanocomposite Fe/Ac-
tivated Carbon/PVA about 4.65 GHz (see Fig. 6 for more detail) [1]. We 
have compared the working frequency and the reflection loss (RL) to 
shows novelty in this study with previously reported reference for 
different kinds of materials [42–57], see Table 3 for more details. The 
absorber using composite MWNT/SiO2 and SiCf/Si3N4 synthesized at 
high temperature (600 ◦C) with RL is − 14 dB and − 13 dB, respectively 
[55,56], indicated that, best results in this study. The type of carbon also 
influences the absorption properties, for CNT/SiO2 at 500 ◦C shows RL 
-39.42 dB [57]. All these reported materials are used high technology in 
the preparations different in this study by simple methods. In this study, 
for activation at high temperature, the structure of CNs probably 
changes to the amorphous phase, which allows Fe attach on CNs 
network by covalent bonds [13,14]. More thickness may increase the 
covalent bonds between Fe and CNs, which is useful for reducing the 
magnetic properties. It can see from the working frequency of the pre-
vious study of nanocomposite Fe/AC/PVA is 4.65 GHz [1] and by using 
nanocomposite based CNs in this study, the working frequency was 
increased to 5.56 GHz. 

The relationship between activation temperature with the FWHM, 
strain, and working frequency for difference thickness (2 mm, 3 mm, 
and 4 mm) of the composite shown in Fig. 7. As can be seen clearly, the 
trend is similar between FWHM, strain, and working frequency increases 
with increasing the activation temperature indicate the formation of the 
new structures in the nano-composite reported in Refs. [30,40,41]. 
Similar to the distance (Δ(LO-TO)) between two optical phonon vibra-
tions is higher for the higher temperature indicated stable covalent 
bonding formation with a new structure was formed in composites [34, 
38,39]. These properties are useful in supporting in increasing the ab-
sorption properties and working frequency indicated by the highest RL is 
− 23.64 dB for 305 ◦C, which potential to attenuate 99% of EM wave for 
the working frequency 5.09 GHz. 

4. Conclusion 

Nano-composite Fe/CNs/PVA has been synthesized by a simple 

Fig. 6. Absorption of EM waves with activation temperatures of CNs (A) 105 ◦C, (B) 155 ◦C, (C) 205 ◦C, (D) 255 ◦C and (E) 305 ◦C in the thickness of pellets: 2 mm, 3 
mm and 4 mm. 

Table 2 
The absorption of EM waves characteristics for the activation temperatures of 
CNs was varied 105 ◦C, 155 ◦C, 205 ◦C, 255 ◦C, and 305 ◦C and also the thickness 
of pellets was varied 1 mm, 2 mm, and 3 mm.  

Thickness 
(mm) 

Activation 
Temperature of 
CNs 

Reflection 
loss (dB) 

Working 
Frequency 
(GHz) 

Frequency 
Bandwidth 
(GHz) 

2 105◦C 
155◦C 
205◦C 
255◦C 
305◦C  

− 17.38 
− 20.29 
− 21.05 
− 21.05 
− 22.85 

5.21 
5.27 
5.23 
5.32 
5.26 

3.44 
3.11 
3.08 
3.13 
3.46 

3 105◦C 
155◦C 
205◦C 
255◦C 
305◦C  

− 18.78 
− 19.65 
− 21.28 
− 22.73 
− 23.16 

4.70 
4.90 
5.23 
5.25 
5.56 

3.69 
3.21 
3.25 
3.24 
2.74 

4 105◦C 
155◦C 
205◦C 
255◦C 
305◦C  

− 18.61 
− 18.91 
− 20.24 
− 23.35 
− 23.64 

4.68 
4.71 
5.01 
5.09 
5.09 

3.73 
3.63 
3.37 
3.49 
3.52  

Table 3 
The electromagnetic absorption properties (working frequency and reflection 
loss) in this study by using bamboo fiber for activation temperature is 305 ◦C. We 
have included the different kind of materials from different references for 
comparison.  

Material Frequency 
(GHz) 

Reflection loss 
(dB) 

Reference 

5% B and 15% N doped SiC 9.3 − 7.6 [42] 
0.5 TiO2 + 1.5 

Ni0.53Cu0.12Zn0.35Fe2O4 

10.26 − 28 [43] 

Graphene oxide 13.1 − 34 [44] 
Graphene@PANI@Porous TiO2 11.5 − 45.4 [45] 
Fe3O4-rGO-PDMS 5.7 − 50.5 [46] 
Fe3O4/Graphene 11 − 53.2 [47] 
ZnO/Graphene 5.2 − 52 [48] 
Graphene/Carbon 5.7 − 28.1 [49] 
Epoxy-PPY/Fe3O4–ZnO 9.96 − 32.53 [50] 
Ti3C2 12.4 − 11 [51] 
Nitrogen-doped Graphene 12.7 − 11.3 [52] 
GNS@CoFe2O4/CNT aerogel 10.34 − 29.1 [53] 
Co NPs/Porous C 

MWNT/SiO2 (600 ◦C) 
MWNT/SiO2 (30 ◦C) 
SiCf/Si3N4 (600 ◦C) 
SiCf/Si3N4 (25 ◦C) 
CNTs/SiO2 (500 ◦C) 
CNTs/SiO2 (100 ◦C) 

11.03 
~10.0 
~10.0 
~12.5 
~14.0 
~10.0 
~10.0 

− 30.31 
− 14 
− 20 
− 13 
− 13 
− 39.42 
− 30.72 

[54] 
[55] 
[56] 
[57] 

Bamboo fiber/Fe (305 ◦C) 5.09 − 23.64 Present 
study  

Y.K. Lahsmin et al.                                                                                                                                                                                                                             



Optical Materials xxx (xxxx) xxx

6

method. The CNs are useful for attaching the Fe particles and play a role 
in reducing the magnetic properties of nanocomposites. The distance 
(Δ(LO-TO)) between two optical phonon vibrations is 120 cm− 1 for the 
305 ◦C of the activation temperature with the thickness 4 mm indicated 
stable covalent bonding formation with a new structure was formed. The 
thickness and the distance (Δ(LO-TO)) is an essential parameter for 
increasing the reflection loss and the electromagnetic waves absorption 
level. The activation temperature of CNs influences RL and frequency. 
The highest RL is − 23.64 dB for activation temperature at 305 ◦C po-
tentials to attenuate 99% of EM wave for the working frequency at 5.56 
GHz indicated that nano-composite in this study has a high potential for 
a new type of EM wave absorber. 
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