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biological systems. Thus, synthesizing an EM wave absorber that able to absorb the
unwanted EM wave signal is crucial. This research highlight on the materials’
properties and characterization of the synthesized nanometer size hybrid Carbon
Nanotubes (CNTs) of individual ferrite (NigsZnosFe,04 or Carbonyl iron) and mixed
ferrite (NigpsZnosFe204 + Carbonyl iron) as catalyst to grow CNTs by using Chemical
Vapour Deposition (CVD) method. The synthesized hybrid CNTs used as fillers were
mixed with epoxy resin and hardener as the matrix at certain ratio of thickness fixed
at 1 mm, 2 mm, and 3 mm. The hybrid CNTs was analysed by using X-ray
diffractometer (XRD), a Field emission Scanning Electron Microscope (FeSEM) and
RAMAN spectrometer to determine the phase formation, microstructural and
structural analysis respectively. On the other hand, the Vector Network Analyzer
(VNA) measured at 8 to 18 GHz frequency range was used to measure and analyse
the microwave characterization. The phase analysis confirmed the existence of
Carbon and Iron Carbide, whereas the microstructural shows the synthesized hybrid
CNTs are mostly straight like, twisted and spiral fiber. Moreover, the structural
analysis shows more defective structure with the formation of multiwalled CNTs that
helps in absorbing the EM wave. The reflection loss (RL) of the growth individual
Nio.sZnosFe;04 and Carbonyl Iron shows the RL value of -18 dB and -15 dB of thickness
2 mm respectively. The RL result also show improvement in the RL values for the

Keywords: growth of mixed ferrite with RL reach until -26 dB (thickness=3mm). Consequently, it
Hybrid; carbon nanotubes; composites; indicates that using both single and mixed ferrite as a catalyst to grow CNT produces
reflection loss better EM wave performance appropriate for various applications.
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1. Introduction

The growth of higher frequency devices creates more electromagnetic interference (EMI) in life,
telecommunication, industry and military. The phenomenon known as EMI is characterized as the
transfer of disruptive electromagnetic radiation from one electronic device to another through
either conducted or radiated routes, or both, resulting in malfunctions in the device's performance.
Therefore, lightweight and thin thickness microwave absorption materials with strong absorption
capability were needed to overcome the problems. Microwave absorption materials interact with
either or both of these two fields to attenuate and absorb the microwaves signal that can be
interpreted as a coupling of an oscillating, intergenerative electric field and magnetic field
propagating in the same direction as reported by Pang et al., [1]. According to research reported by
Lu et al., [2], the EM wave absorber works by absorbing the EM wave energy, transforming it into
heat or other types of energy and finally dissipates it through attenuation and loss. This could
enhance the transmission route that contributes to higher EM wave absorbers.

Binary combinations that function as active catalysts with higher activity than the individual
elements are frequently used, such as nickel (Ni), iron (Fe), and cobalt (Co). Because of their special
chemical, physical, and mechanical characteristics, carbon nanotubes (CNTs) are well recognized for
growing from an active catalyst and may be modified to be lightweight, strong, and have a wide
absorption bandwidth. Because of this, materials are always utilized in the form of mixtures and
composites to balance the requirements of lightweight, high absorption, and wide absorbing
bandwidth.

According to Mohamad et al., [3], carbon fiber reinforced composites (CFRC) are still important
for the growth and development of many different sectors that need lightweight components. They
can also potentially operate as an EM wave absorber as also reported by Idris et al., [4]. The
conductive network created by carbon nanotubes (CNTs) experiences surface polarization and
dielectric relaxation, which transform the dielectric and resistance loss of electromagnetic waves
into thermal energy dissipation. This suggests the characteristics of the CNT materials' absorption
type for EM wave absorption. According to Gao et al., [5], CNTs have a higher capacity for EM wave
absorption than other carbon-based materials because of their flexibility, less weight, thinner
profile, and bigger specific surface area. Mohamad et al., [3] reported that it is anticipated that
adding carbon fibers to thermoplastics will enhance the mechanical, tribological, and physical
characteristics of the composites.

The modification of CNTs is highlighted in this study, with a focus on their ability to absorb
electromagnetic waves. Since commercial CNT is expensive, in this research CNT was synthesized by
using chemical vapor deposition (CVD) method to create spiral hybrid multiwalled carbon
nanotubes (MWCNTs) by combining Nickel zinc ferrite and carbonyl iron as a catalyst. Thus, by
growing CNT and being incorporated into polymer matrix, it shows better improvement in
absorbing performances compared to ferrite materials alone, mixed ferrite, mixed ferrite with
commercial CNT. Moreover, by using this technique the sample is much lighter compared to others.
Research has not been done for composite sample mixed ferrite and to be used as catalyst to grow
Carbon nanotubes by using CVD method. Therefore, this research fills in the gap in examine the
materials and microwave properties of synthesized MWCNTs made from mixed ferrite as a catalyst.
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2. Methodology
2.1 Synthesis of Fillers

The mixture of different percentages of Carbonyl Iron and sintered Nickel Zinc Ferrite was used
as catalyst to synthesize carbon nanotubes by using Chemical Vapour Deposition (CVD) method.
Carbonyl iron >97% Fe basis was purchased from Sigma Aldrich. Nickel Oxide (NiO) 99.00%, Zinc
Oxide (Zn0) 99.90% and Iron (lll) Oxide (Fe,03) 99.50% were purchased from Alfa Aesar and were
mixed with certain amount according to the chemical equation to obtain NiopsZnosFe 04 (Figure
1(a)). The Nio.sZnosFe204 powder was mixed and milled by using high energy ball milling (HEBM) in a
hardened steel vial (Figure 1(b)) together with grinding balls (Figure 1(c)) and further sintered at
900°C for 10 hours to obtain the full phase.

The individual Carbonyl Iron (Cl) and Nickel Zinc Ferrite (N) and mixture of 20% N + 80% CI (S1),
50% N + 50% CI (S2) and 80% N + 20% Cl (S3) were used as catalyst and placed in a ceramic boat.
The ceramic boat was then placed in the middle of the furnace. The reaction temperature was set
up to 700°C for 30 minutes. Ethanol was used as carbon source while argon gas was used as carrier
gas. Figure 1 (d) shows the synthesized carbon nanotubes that were obtained.

(d)
Fig. 1. (a) sintered NigsZnosFe204, (b) hardened steel vial, (c) steel ball and (d) synthesized carbon nanotubes

2.2 Synthesis of Filler-Matrix

The fillers were weighed according to the ratio of fillers being mixed with epoxy resin as a
polymer matrix and the loading of fillers was fixed at 8wt%. The epoxy resin and hardener as a
curing agent were added according to ratio 10:1 respectively for 15 to 20 minutes by using mini
vortex mixer at 3000 rpm. Further, the homogeneous mixture was poured into the customized
sample holder at different dimensions for the microwave measurement at X-band (Figure 2(a) and
Ku-band (Figure 2(b)).
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(b)

Fig. 2. Sample holder at (a) X-band and (b) Ku band
2.3 Materials’ Characterization

The phase analysis was carried out in the 28 range of 20 to 80° by using an X-Pert PANalytical
diffractometer (PW3050/60). Measurement of sample’s surface morphology was measured by
using a Field Emission Scanning Electron Microscope (FESEM) brand FEI NOVA. The vibrational
phonon modes were identified, and further precise structural information of the carbon
nanostructures were measured by using Raman spectroscopy using a WITec Alpha 300R 532 nm
excitation laser. The microwave characterization of the polymer composite sample was measured
by using Vector Network Analyzer (VNA) at X-band (8-12 GHz) and Ku-band (12-18 GHz) frequency
range. The prepared sample was measured by using metal plate and one-port measurement to
directly obtain the reflection loss or S11 parameter.

3. Results and discussion
3.1 Phase Analysis

XRD analysis was performed to investigate the microstructure evolution of different types of
fillers being loaded into epoxy matrix. The XRD pattern in Figure 3 shows two main phases that
consist of Carbon (G) and Iron Carbide (FesC). However, there also exist three additional peaks that
are assigned to the presence of catalyst in CNT as reported by Belin and Epron [6]. The main peak of
carbon graphite and iron carbide were matched with the standard reference code data of 98-001-
7175 and 98-009-1656 respectively. Six carbon graphite peaks presence in the sample are at 20
angle of 26.645°, 43.3520, 46.016°, 54.612°, 56.791° and 77.856°. According to several authors [7,
8], the peaks are assigned as the hexagonal graphitic phase of carbon. They were generated
possibly by the reflections from basal hexagonal carbon atomic networks and by the layers of
parallel nanotube stacking. The highest diffraction peak of carbon graphite indicates (002) plane.
This peak shows some distinct similarities to those of graphite due to their similar intrinsic
graphene properties. However, it was not identical since CNTs have different chiralities and
different layers as being reported by an author [9].

The morphological orientation of CNTs determines their diffraction peak intensities, when an X-
ray beam hits a single CNT wall, it creates (002) peaks. The X-ray beams create several more
hexagonal peak arrays as they pass through the CNTs' empty center core. Wang and Hui [10] state
that depending on the number of helices present, this may happen more than once at various
azimuths. Nevertheless, majority of the carbon peak was not attainable since the CNT strains had
curved graphene layers and varied sizes and shapes. This might suppress some reflection peaks,
that would then cause peak shifting and broadening as reported by Tessonnier et al., [11].
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At the 26 angles of 37.904°, 40.083°, 40.931°, 44.079°, 44.926°, 49.406°, 58.365°, and 62.965°,
the remaining eight peaks are associated with iron carbide. Despite the presence of carbon (C) and
iron (Fe) during the CVD process, the iron carbide phase formed. It was proven by McCaldin et al.,
[12] that iron carbide formed under all conditions, irrespective of the type of CNT produced by the
catalyst particle or the quantity of carbon deposited. As a result, during the synthesis process, all of
the iron-based catalyst was replaced by iron carbide, which formed on the active catalytic phase.
Additionally, according to McCaldin et al., [12], iron oxide catalyst is eliminated by the presence of
graphite and iron carbide following the CVD procedure.
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Fig. 3. X-ray diffraction pattern of different synthesized carbon nanotubes by
using different catalysts

3.2 Microstructural Analysis

As the CNTs are synthesized, they naturally pull toward one another and show an increased
tendency to form bundles or entanglements made up of 50 to several hundred individual CNTs due
to a strong Van der Waals force. Figure 4(a) show as-synthesised CNT bundles and entanglements
that are not loaded into a matrix. The most common forms of carbon structures were twisted,
spiral, and straight fibers. Additionally, the tubular nature was confirmed by the presence of hollow
and tube-like structures, whereas net-like fibers were generated by the aggregation of extremely
tiny fibers. However, most of the fibers prefer to develop in spiral coils because of the pentagon-
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heptagon pairs are regularly inserted at junctions. Furthermore, the transformation of the fibers
into coils is mostly caused by the strong anisotropy of the various crystal faces of the nickel catalyst.

Fejes and Hernddi [13] discussed the mechanism of formation of coiled carbon nanotubes in
detail, while Hikita et al., [14] provided an article with a detailed explanation of the different types
of coiled fibers. Motojima et al., [15] state that the structure's ability to resemble a carbon coil may
lead to a variety of uses, such as absorbing materials. According to several authors [16, 17], carbon
nanocoils produce materials that absorb electromagnetic waves more effectively than traditional
ferrites.

The as-synthesised CNT can be used to reduce the intermolecular Van der Waals interactions
between molecules by integrating it into an insulated polymer matrix. Since the MWCNT bundles
generated irregularly shaped and sized aggregates and agglomerates in the epoxy matrix, the
amount loaded was limited to 8wt%. Wang and Zhao [18] noted that, MWCNT loading of 8wt% may
be optimal for the MWCNT-epoxy composite's microwave absorption since the microwave
absorption of the sample with a 10wt% MWCNT loading did not significantly improve.

Figure 4(b) shows the well-separated and uniformly dispersion of CNT loaded into epoxy resin at
magnification of 10 000. The enlarged view in Figure 4(c) at magnification of 50 000 showing closely
part of the CNT dispersed in the epoxy resin. The composite samples formed a nearly linked
network with tiny gaps between CNT ends. According to Qin and Brosseau [19], the interaction
between inner electrons and exterior microwave radiation allows the individual CNTs and CNT
bundles in the epoxy composite samples to absorb microwave energy and attenuate the radiation.
Good dispersion improves the ability to absorb electromagnetic waves as reported by Che et al.,
[20]. Indeed, precise and consistent EM wave absorption measurements are ensured by filler that is
evenly distributed throughout the matrix. Zeng et al., [21] reported that strong CNT-polymer
interactions or enhanced compatibility of CNTs to the polymer matrix, which improve polymer-
wrapping around CNTs, are good ways to reduce the electrical conductivity. Furthermore,
compared to composites with uniformly dispersed CNTs, multi-walled carbon nanotube
(MWCNT)/polymer composites containing CNT agglomerations at the microscale have been
reported to have higher electrical conductivity as reported by Aguilar and Aviles [22]. The existence
of both straight-like and twisted fiber is shown by the blue and red arrow respectively (Figure 4(a)).
The presence of solid and hollow tube fiber is indicated by the blue and red circle respectively
(Figure 4(b))
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Fig. 4. FESEM image of (a) synthesized carbon nanotubes by using S1 as catalysts, (b) CNT loaded
into epoxy resin and (c) enlarged view of CNT loaded into epoxy resin

3.3 Structural Analysis

Table 1 shows the corresponding peak of more precise structural details about the carbon
nanostructures in carbon nanocoils measured by using Raman scattering. The high value of D and G
band intensities peak were observed at ~1350 cm™ and ~1570 cm, respectively. The G-peak is
linked to the signal originating from the crystalline graphite, whereas the D-peak is indicative of the
defects and disorder. Low graphitization of nanocoils is indicated by a large D-band peak and a
broad G-band peak. For microwave absorption, low conductivity and appropriate dielectric loss are
generally favorable. Therefore, reduced conductivity is correlated with a lower degree of
graphitization. The intensity ratio of the D to G band, which is used to assess the quality of CNTs, is
known to rely on the structural features of the CNTs. The ratios of these two peaks' intensities
(Io/lg) ranged from 0.850 to 0.860, indicating either a reduced degree of graphitization or a
defective structure in the resultant CNT. According to Cheng, et al., [23], many defects have been
caused and are attributed to tube end defects, staging disorders, and curved graphene layers. As a
matter of fact, the existence of hollow structure may also be a factor and contributes to the
formation of defects. Thus, it also contributes to the formation of multiwalled carbon nanotubes
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compared to single walled carbon nanotubes that has higher degree of graphitization and sharp G
peak.

Strong microwave absorption was contributed by the defects in the structure of carbon
nanotubes (CNTs), which have been reported by authors [19] to function as polarization centers.
Qin and Brosseau [19] also reported because MWCNTs were used to create the composite samples,
their complex architectures resulted in more defects that improved microwave absorption that was
primarily attributable to dielectric relaxation. Sufficient defects are important for microwave
absorption since too many defects could give effect towards the microwave signal transmit through
the materials.

Table 1

Peak frequencies of Raman spectra for synthesized CNT
Sample D-band (cm?) G-band (cm™) Ib/le

cl 1352 1573 0.860

N 1350 1583 0.853

S1 1344 1577 0.852

S2 1348 1577 0.855

S3 1340 1569 0.854

3.4 Microwave Characterization

The reflection loss vs frequency graph as in Figure 5 was measured at frequency 8 — 12 GHz (X-
band) and 12 - 18 GHz (Ku-band). The synthesised pure NipsZnosFe204/P with thickness of 3 mm
was discovered to have a reflection loss peak that emerged at a frequency lower than 8 GHz and
had a reflection loss of -18 dB. However, because the reflection loss peak resonates at a much
lower frequency range, it is not fully visible. In contrast, the reflection loss peak for was found to be
at 8.5 GHz, with a reflection loss of -18 dB. As for thickness of 2mm, the reflection loss peak
obtained for synthesised pure NiosZnosFe;04/P and synthesised carbonyl iron/P was -18 dB (15
GHz) and -16 dB (13.8 GHz) respectively. Since the reflection loss peak resonates at a significantly
higher frequency range, it was not seen for thickness 1 mm for both as-synthesised
Nio.sZnosFe204/P and as-synthesised carbonyl iron/P. Table 2 showing another research being
reported previously related to the materials.
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Fig. 5. Reflection loss of synthesized CNT by using (a) N and (b) Cl as catalyst at thickness of 1mm,
2mm and 3mm

Table 2
Reflection loss of different polymer composite material.

Composite material  Reflection loss (frequency)  Bandwidth (<-10 dB)  References

70wt% Pure Cl/acrylic ~ -22.3 dB (13.5 GHz) 6 GHz (11-17 GHz) [24]

resin

50wt% CI/EPDM -11 dB (4 GHz, t=1.1mm) - [25]
(Ethylene-propylene- -16 dB (11 GHz, t = 3.6 mm)

diene monomer)

Cl/epoxy resin (ratio -14 dB (3 GHz) 1 GHz [26]

6:1) -4 dB (15 GHz)

CI/CPE (chlorinated -10 dB (10 GHz, t= 1mm) - [27]
polyethylene)

8wt% CNT catalyzed by -18 dB (15 GHz, t = 2mm) 4.5 GHz (13-17.5 GHz) This work

N/epoxy resin
8wt% CNT catalyzed by  -16 dB (13.5 GHz, t=2mm) 3.5 GHz (12-15.5 GHz) This work

Cl/epoxy resin -18 dB (8.5 GHz, t =3 mm) >1.5 GHz (<9.8 GHz)
8wt% CNT catalyzed by -16 dB (~12.8 GHz, t=2mm), 3.8 GHz (11-14.8 GHz) This work
S1/epoxy resin -25 dB (~9.3 GHz, t=3mm),

2.5 GHz (8 — 10.5 GHz)
8wt% CNT catalyzed by -23 dB ( ~14.9 GHz, t=2mm), 3.8 GHz (12.2-16 GHz) This work
S2/epoxy resin -26 dB (~9.4 GHz, t=3mm)

2.5 GHz (8 - 10.5 GHz)
8wt% CNT catalyzed by -13 dB (~15.1 GHz, t=2mm), 3.5 GHz (13.5-17 GHz) This work
S3/epoxy resin -15 dB (~10.5 GHz, t=3mm)

3.3 GHz (9.5-12.8 GHz)

The reflection loss of thickness 1 mm (Figure 6(a)) showing that the microwave absorption peak
start to form at higher frequency range (> 16 GHz). However, the reflection loss peak could not be
fully observed since it resonates at much higher frequency range. On the other hand, sample of
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thickness 2 mm (Figure 6(b)) showing clearly the reflection loss peak of -16 dB (~12.8 GHz), -23 dB (
~14.9 GHz) and -13 dB (~15.1 GHz) for S1, S2 and S3 respectively. At thickness of 3 mm (Figure 6 (c)),
the reflection loss peak observed was -25 dB (~9.3 GHz), -26 dB (~9.4 GHz) and -15 dB (~10.5 GHz)
for S1, S2 and S3 respectively. Based on the result for all thicknesses, the reflection loss peak
shifted slightly to the right as the mixture amount of Nio.sZnosFe204 increased from 20% to 80% (S1
to S3). Regarding thickness 1 mm, the trend of moving to the right is still observable even though
the reflection loss peak resonates at a significantly higher frequency. These may have occurred
because of an increase in the fraction of NiosZnosFe,0s in the mixed ferrite as catalyst to
synthesised CNT. The reflection loss value for all thicknesses showing dropped in the RL value as the
amount of carbonyl iron for the synthesised CNT catalyzed by mixed ferrite reduced from 80% to
20% (S3 to S1).

The shift in matching frequency results in the reflection loss peak moves towards a lower frequency
range as thickness increases.

For every polymer composite sample, the thickness of 2 mm provided the broad bandwidth.
Broad bandwidth was defined as reflection loss values in all composite samples that were less than
-10 dB. It should be noted that the frequency bandwidth with RL characteristics of over 90% was
stated for the "10 dB absorbing bandwidth." The bandwidth with a reflection loss less than -10 dB is
indicated by the dotted line (Figure 6). The bandwidth measured at -10 dB was also reported by
Malhat et al., [28]. Table 2 shows the bandwidth of the sample of thickness 2 and 3 mm.
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Fig. 6. Reflection loss of synthesized CNT by using S1, S2 and S3 as catalyst at thickness of
(a) 1mm, (b) 2mm and (c) 3mm
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4. Conclusions

In summary, ferrite mixed sample (Nio.sZnosFe;O4+ Carbonyl Iron) used as catalyst to grow CNT
with only 8wt% of synthesized CNT loaded into epoxy resin have better improvement in the
reflection loss and absorb more compared to other single, mixed between two material or mixed
with commercial CNT. The result show improvement in the value of reflection loss for the growth of
mixed ferrite as increase the NigsZnosFe 04 content from 20% to 80% (S1 to S3). Microwave
absorption was increased for as-synthesised CNT catalyzed by coupled Nio.sZnosFe204 and Carbonyl
iron loaded into epoxy matrix nanocomposites because there was greater impedance matching
between the dielectric loss and magnetic loss. Through the interaction of inner electrons and
external microwave radiation, the as-synthesised CNT in the epoxy composites contributes to the
microwave absorption mechanism by absorbing the microwave energy and attenuating the
radiation. Strong microwave absorption has been mostly associated with dielectric relaxation and
polarization centres may potentially arise via the composite sample's defect development.
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