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conductivity and return loss in X-band for thick films of randomly oriented population of CNFs have
been explored for their ability as a potential microwave absorber in 8 GHz to 12 GHz range with return
loss between —18 dB and —32 dB. Study of electrical resistance and shielding effectiveness (SE) shows

that CNFs films also have the capability of obstructing the passage of microwave frequency with a
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1. Introduction

Nano carbon materials have attracted increasing attention due to
their significant electrical and mechanical properties. These materi-
als have potential for future applications. In recent times, Masahiro
Tokita et al.* has compared the capacitance of nano-fibrous carbon
electrodes with various graphitic structures. However, Gehuan
Wang et al” has reported silver nanowires/biopolymer films as a
next generation flexible optoelectronic devices. Nowadays, the rapid
development in information technology with extensive applications
of electrical and electronic devices has caused environmental pollu-
tion in the form of electromagnetic wave radiation. A possible way to
permit the coexistence of these devices and systems without harm-
ful EMI is to develop new shielding and absorbing materials, which
especially requires anti-electromagnetic interference coatings, self-
concealing technology and microwave darkrooms®® with high
performance and a large operating frequency band.” In this context
Qiangian Huang et al® has reported 3D printing technology to
prepare metamaterial absorbers (MMAs) to manipulate electromag-
netic wave absorption and use artificial patterning methods to
optimize absorption capacity as well as absorption bandwidth.
Nevertheless, Fan Wang et al.® has showed that, the crystal structure
and electromagnetic properties can be regulated systematically.
Amongst the various absorbers, carbon materials with different
morphologies have made a great impact as a radiation
absorber.’®™* They have low weight, corrosion resistance and good
conductivity as well as good thermal and chemical stability com-
pared to other materials. Also, carbon materials can be coated on
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shielding effectiveness of —29 dB to —40 dB.

any geometrically complex body."> Hence, Hongxia Jiang et al. and
Yue Zhao et al.**" have studied shielding effectiveness and EMI of
vapor-grown carbon nano-fibers and their composites in X-band. On
the other hand, Jiabin Chen et al'® has placed the focus on
electromagnetic wave attenuation by carbon-based composites like
Fe-MOF-5-derived/carbon fiber composites (FMCFs). Usually, pre-
cursors for obtaining such desired carbon materials are various
types of hydrocarbons derived from fossil fuels like methane
etc.,"”” ™ which can be catalytically decomposed into carbon atoms
in a chemical vapour deposition (CVD) unit. But these sources will
be depleted in the near future. So, carbon rich natural sources like
plant materials and oils are seen as a replacement for hydrocarbons.
These materials can be reproduced when needed.**?* Sharon
et al®>** have tried to synthesize biomass derived carbon nanoma-
terials from different natural precursors and studied their micro-
wave properties. Later on, attempts were made to utilize such
carbon nanomaterials for giga hertz frequency applications.”*"
In furtherance of these previous research studies, we report the
properties of CNFs from natural linseeds oil in X-band of microwave
frequency region. Here, the precursor was selected on the basis of its
efficiency to produce various forms of nano carbon with optimized
parameters. Among various types of carbon nanomaterials, CNFs
are selected due to some particular properties like light weight,
corrosion resistance, good conductivity, low electrical resistance,
large surface area because of longer length, good mechanical
strength and easy fabrication as compared to other nano materials.

2. Experimental
2.1 Materials

Unpurified natural linseeds oil, also known as linaceae oil was
used as a precursor. It was derived from dried ripe seeds of
linseeds plant.
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2.2 Sample preparation

Vapour deposition of linseeds oil was used to synthesize CNFs
using CVD system (Fig. 1). This method is discussed in detail
elsewhere.”® An alumina substrate of dimensions 1 x 3 cm?
were used for CNFs film deposition. A substrate were located in
a quartz tube in the central hot zone of a split furnace main-
tained at 850 °C. Linseeds oil was kept in other zone of same
tube sustained at the temperature of about 300 °C and adjacent
to the hot zone. The flow rate of hydrogen as a carrier gas was
adjusted to transfer vapour of 10 ml of linseeds oil in the hot
zone as a reaction zone, in approximately 1 hr. Initially, oxygen
from the system was removed by flushing entire assembly with
hydrogen for 15 minutes. After the completion of reaction,
thick films of CNFs deposited on an alumina substrate were
taken out at normal temperature. Then, films were character-
ized by various techniques.

2.3 Characterization

The surface morphology of films was studied using Hitachi
S-4300 scanning electron microscope. A detailed study of the
surface was done using JEOL-2100F field effect transmission
electron microscope. Films were characterized by micro-Raman
spectra using a green laser with 532 nm excitation. Van der
Pauw method was used to determine the sheet resistance
of films.

2.4 Microwave absorption study

Microwave conductivity, absorption and shielding effectiveness
were studied using a microwave test bench in 8 GHz to 12 GHz
range. Here, a silver (Ag) thick film component of width
0.635 mm was used as a simple microstrip line. This strip line
component was used to characterize the microwave properties
of CNFs films. Initially, the whole microstrip line component
set up was calibrated without an overlay in X-band. Then, all
the data was plotted as a difference in transmittance and
difference in reflectance between the substrate with the CNFs
film and without CNFs film. The return loss and absorption for
CNFs were estimated using microwave reflectance. Transmit-
tance of the microwaves was used to calculate the shielding
effectiveness.
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Pyrolysing Fumace
Quartz Tube
Quartz Boat with Substrate
Quartz Boat with Precursor
Flow regulator

Inert gas Cylinder

Outlet gas bubler
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Fig. 1 Schematic diagram of CVD set up.
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3. Results and Discussion

Fig. 2a shows an arbitrarily grown CNFs of length ~ 40 pm with
diameter ~533 nm. The formation of these CNFs is mainly
determined by breaking of C-C bonds. At this juncture, tem-
perature plays an important role in the realization of such
graphitic structures. The surface profile of fibres shows that
fibres have a rough surface (Fig. 2b) which bulges at
certain areas.

Broad peaks centred at 1354 cm ' and 1587 cm™
observed in micro-Raman spectrum of CNFs films, in the range
of 1100 cm ™" to 1800 cm ™" (Fig. 2¢). The early peak corresponds
to D-peak i.e. disordered graphite, normally observed between

1 were

1300 and 1350 cm™ " whereas, the succeeding peak corresponds
to the standard graphitic G-peak commonly occurring at
1580 cm™'. A purity of CNFs films was evaluated using
G-peak to D-peak intensity (Ig/Ip) ratio. The calculated value
of this ratio was found to be 0.98, which specifies an abundance
of highly ordered graphite along with a small amount of
undesired carbon ie. sp’, present in films. An amount of
disorder computed for CNFs films using G-peak shift position
was found to be 20.5%.

When the microwave energy is transmitted through such a
material medium, the conductive surface of medium induces
currents, as an electric field interacts with mobile electrons
within the material. Thus, it is reported that conductivity is a
key parameter in microwave frequency applications.”
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Fig. 2 (a) SEM image of randomly orientated CNFs (b) TEM image of the
outer surface of CNF, where the inset image shows the bulging surface,
and (c) micro-Raman spectrum of CNFs film.

© 2022 The Author(s). Published by the Royal Society of Chemistry
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Therefore, the microwave conductivity of films was calcu-
lated using an equation,

o 3 i3 3

T k- E - ()1 —e
%0 +4( 12 )¢

LROHEE

where, g, is the bulk conductivity, K = d/l,. Here, ‘d’ is the film
thickness and ‘/,’ is the mean free path which is 10™® m for
carbon nano material, and E; is the transmittance. Since, a
thickness of thin film is in micrometer range, the skin effect
can be ignored. In the measurement of microwave conductivity
of CNFs film, it was placed transverse to the direction of
propagation. Under such conditions the magnetic vector of
the electromagnetic wave is perpendicular to the direction
of propagation. Using the conductivity formula of eqn (1) and
transmittance of the bare substrate, a microwave conductivity
for CNFs films was calculated.

From the microwave conductivity curve of CNFs films in X-
band (Fig. 3a), the ratio of ¢/, for films was found in the range
of 0.81 S ecm ™' to 0.92 S cm ', At this point, peaks in the
conductivity curve (Fig. 3a) suggest that, the maximum absorp-
tion would be possible at these frequencies. With such
an assumption, the return loss for films was measured in
8-12 GHz range. From the curve plotted for return loss and
microwave absorption against frequency in Fig. 3b, it is
observed that, the CNFs films have an ability to absorb
X-band microwaves up to ~80% to 99% with a return loss
between —18 dB and —32 dB on overall frequency range. A
maximum absorption of 95% to 99% with a return loss from
—27 dB to —32 dB was seen in frequency range of 9.40 GHz to
10.40 GHz with a bandwidth of 1 GHz. Such appreciable
absorption of microwaves in CNFs is because of microwave
energy during its transmission through the material interacts
with free charge carries present inside the material. This
process dissipates microwave energy as a heat. So, more con-
ductive material means there are more free charges available
for its interaction with microwaves. This will result in the loss

1)

of microwaves inside the material. Measurement of electrical
resistance using van der Pauw method shows that, CNFs films
has resistance of 0.033 x 10~> Ohm cm (Fig. 3a). A plot shows
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Fig. 3
frequency curve for CNFs film.
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an Ohmic nature, where low resistance in CNFs films may be
due to the higher concentration of sp> bonded carbon present
in films. Therefore, besides structural properties of the mate-
rial, microwave loss may also come from the resistive part.
A lower resistance of material may induce larger dielectric
losses that can cause more absorption or transmission of
microwave frequencies. In addition, multiple internal reflec-
tions from randomly grown CNFs are also responsible for
increased absorption of microwaves. Such reflections give rise
to a series of emergent waves. This causes an absorption by
destructive interference.

Furthermore, the microwave wave absorption properties of
material can be tuned by optimizing the length, diameter and
conductivity of CNFs.

The ability of CNFs to block the passage of microwaves was
confirmed by shielding effectiveness (SE) study of films in
X-band.

Here, the effectiveness of shielding microwaves was calcu-
lated using eqn (2),

SE = —20log—T 2)
where T is the electromagnetic radiation transmittance.

A plot of shielding effectiveness vs. frequency (Fig. 4), shows
that CNFs films have potential to block the passage of micro-
waves through the system with SE between —29 dB and —40 dB
over whole X-band frequency range.

4. Summary

Carbon nano fibers were synthesized using natural linseeds oil
as a precursor at 850 °C. The randomly grown population of
nanofibers was found with an almost uniform diameter of
~533 nm and length ~40 pm. An electrical resistance
and microwave conductivity study indicates that the as pre-
pared CNFs films have good microwave conductivity between
0.82 S em™ " and 1.05 S em™" in 8 GHz to12 GHz frequency
range. SE between —29 dB and —40 dB over the whole fre-
quency range showed the capability of CNFs films to block the
passage of microwaves through the system. These results sup-
port the possible use of CNFs films obtained from linseeds oil
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(a) Microwave conductivity against frequency along with electrical resistance plot for CNFs film (b) Microwave absorption and return loss vs.
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Fig. 4 Shielding effectiveness vs. frequency plot for CNFs.

for applications in communication, space, remote sensing etc.
as a microwave absorber as well as an SE material.
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