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Abstract

Nanocarbon is a nanometer-scale substance made entirely of carbon atoms. Generally, the synthesis of
nanocarbon is usually conducted using a gas-phase carbon raw material which is toxic. Therefore, the use of
solid-phase carbon raw material to synthesize nanocarbon started to develop. In this research, nanocarbon will
be synthesized using variations of solid-phase carbon raw material derived from a novel carbon precursor,
microalgae Chlorella vulgaris. Nanocarbons produced were analyzed using SEM, XRD, and TEM. SEM analysis did
not show the nanocarbon formed. However, this may be due to the nanocarbon being very small. To ensure
whether nanocarbon is formed or not, XRD analysis is conducted. XRD analysis shows the possibility of forming
carbon nanotubes from the sample with activated carbon as a raw material. There were peaks at diffraction
angles of 24-26° and 42-43,5°, which indicated carbon nanotubes. In addition, the dc value of this sample has a
value like carbon nanotubes, which is 0.344 nm. In contrast, the other two samples, which used hydrochar and
microalgae as raw materials, only indicated activated carbon after the synthesis. The TEM analysis supported by
XRD analysis for a sample with activated carbon as a raw material showed the presence of carbon nanotubes.
This is indicated by their rope-like morphology, which is not visible in SEM analysis due to their tiny size. At the
same time, the other two samples did not show any morphology indicating the presence of nanocarbon. So, it can
be concluded that the synthesis of nano carbon has been successfully carried out using activated carbon as raw
material and produces nano carbon with the type of carbon nanotubes.
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1. INTRODUCTION strength = 75 - 150 GPa). In addition, nanocarbon also

Carbon is one of the most abundant materials in
this world. Carbon has many allotropes including
diamond, graphite, and nanocarbon (Krueger, 2010;
Peterson et al., 2008; Pierson, 1994; Saifuddin &
Juniazah, 2013). Nanocarbon is an allotrope of carbon
that is generally divided into two types, namely carbon
nanosphere and carbon nanotubes.

Carbon nanotubes are one of the artificial
allotropes of carbon with sp2 hybridization bonds in
the form of long cylinders with nano size. This long
cylinder is formed from a graphene layer that is made
circular. This allotrope was first discovered by Sumio
lijima in 1991 and is currently being researched
because it has excellent thermal (thermal conductivity
= 6000 W/m.K) and mechanical characteristics
(modulus of elasticity = 1054 - 1200 GPa; tensile

has good electrical properties even though carbon
itself is not a good electrical conductor (carbon
nanotubes electrical conductivity = 106 - 107 S/m) and
can be compared to copper (copper electrical
conductivity = 5,96 x 107) (Meguid and Weng 2017;
Meyyappan 2005; Pitroda 2016; Xiao, Huang, and Li
2017). These excellent properties will certainly cause
nanocarbon to be used in various fields, such as drug
carriers, antioxidants, sensors, electrodes, fuel cells,
and composite materials (Han & Fina, 2011; Liu et al,,
2015; Xiao et al,, 2017).

Carbon nanotubes themselves are generally
synthesized by a chemical vapor deposition process
from gas-phase carbon precursors with the help of a
ferrocene catalyst and substrate (Lim et al., 2017). The
catalyst used will be heated until it melts and sticks to
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the substrate. The gas phase carbon will then dissolve
into the catalyst which will reach its saturation point.
When the carbon reaches its saturation point, adding
more carbon will grow carbon nanotubes with 2
possibilities shown in Figure 1 below. It should be
emphasized that until now the mechanism for the
formation of carbon nanotubes is still a hypothetical
process (Kumar 2011).
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Figure 1. Carbon nanotubes growth mechanism

However, the use of raw materials in the gas
phase has several drawbacks, such as storage which is
toxic raw material. The synthesis of nanocarbon can
be done with solid-phase precursors. This process is
called solid-phase pyrolysis. Not much information is
known about this process. However, the synthesis of
carbon nanotubes was successfully carried out using
activated carbon or hydrochar as a carbon precursor
derived from biomass with the help of ferrocene and
nickel nitrate catalyst (Fathy, 2017; Lotfy et al., 2018;
Osman et al,, 2019).

The manufacture of activated carbon itself initially
used coal as its raw material. However, coal is a non-
renewable energy source. Therefore, activated carbon
synthesis has begun to be developed from raw
materials other than coal, namely biomass such as
wood, rice husks, coconut shells, and others (Lempang,
2014). However, biomass utilization on an industrial
scale will not necessarily be stable because its
production depends on the weather. Another
alternative that can be used and does not depend on
the weather for its production is microalgae (Alam et
al, 2015; Lee et al, 2017; Sukoyo et al., 2019). The
most common way to synthesize activated carbon
from microalgae is hydrothermal carbonization with
chemical activation (Heilmann et al., 2010).

Previous research successfully synthesized carbon
nanotubes with 2nd generation biomass as carbon
precursors, such as potato peel waste and rice straw
residue. In this research, carbon nanotubes will be
synthesized with 3rd generation biomass as carbon
precursor, which is microalgae Chlorella vulgaris with
the help of ferrocene and nickel nitrate as the catalyst.
Microalgae as carbon precursors will be processed
with hydrothermal carbonization to form hydrochar
and the activation step to form activated carbon to
variates the form of raw material used in carbon
nanotubes synthesis. In this paper, the term raw
material will mean the solid phase form which was

mixed with a catalyst and processed for the synthesis
of carbon nanotubes (microalgae, hydrochar, activated
carbon), while the term carbon precursor will mean
the carbon source wused (microalgae Chlorella
Vulgaris). This research was focus on studying the
effect of variations in the raw materials used for the
synthesis of carbon nanotubes on the nanocarbon
products that will be produced. The novelty of this
research was focus on the wuse of the
microalgae Chlorella vulgaris as a carbon precursor in
the synthesis of solid-phase carbon nanotubes that
have never been used before. In addition, variations of
microalgae that was directly synthesized into carbon
nanotubes have also never been tried before.

2. MATERIALS AND METHOD
2.1 Raw Material

The microalgae Chlorella vulgaris was obtained
from Syah.home, Tangerang, Banten, Indonesia.
Initially the microalgae were dried in an oven at a
temperature of 110°C for 1 hour. Pottasium hydroxide
(KOH) (p.a., solid 85%) were obtained from CV Mekar
Pancaraya (Indonesia). Nickel nitrate (NiNO3) (99%)
used were obtained from PT Smart Lab Indonesia
(Indonesia). Ferrocene (Fe(CsHs)2) (98%) used was
obtained from Sigma Aldrich (USA).

2.2 Hydrothermal Carbonization

Hydrothermal carbonization was carried out in a
100 ml of teflon autoclave. Microalgae that had been
dried were put into an autoclave and then 80 mL of
distilled water was added. The autoclave was then
heated to 200°C for 24 hours. Afterwards the
autoclave was cooled to room temperature and the
solid product was filtered by Buchner funnel. The
solids obtained then washed by ethanol and distilled
water to remove the impurities. Then the solid
product was dried in an oven at a temperature of
110°C for 24 hours so that hydrochar was obtained
(Prijadi, 2020).

2.3 Chemical Activation

Hydrochar was then impregnated with KOH
solution in a ratio of 1:4 (hydrochar:KOH) for 24 hours
while stirring. The solution was then dried in the oven
for 24 hours at a temperature of 110°C. The mixture
was then heated in a tubular furnace at a temperature
of 800°C for 1 hour with nitrogen gas flowing.
Afterwards the furnace was cooled to room
temperature and the remaining solids was washed
with HCl and distilled water (Prijadi 2020). The
washed solids were then filtered and dried in an oven
at a temperature of 110°C for 24 hours to obtain
activated carbon.

2.4 Nanocarbon Synthesis

The synthesis of nanocarbon were carried out
with 3 variations of raw materials, namely microalgae,
hydrochar, and activated carbon. The raw materials
were mixed with a mixture of ferrocene and nickel
nitrate catalysts with variations of 10:1, 10:2, and
10:4. Then the mixture was put into the furnace with
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nitrogen flowing and the temperature was raised to
300°C for 10 minutes. Then the temperature of the
furnace was raised to 830°C without nitrogen flowing
for 1 hour. Afterwards the furnace was cooled to room
temperature and the residual solids of the furnace
were took and washed using a solution of HNOs,
H2S04, and hot distilled water (Lotfy, Fathy, and Basta
2018). The washed solid was then dried in an oven at
a temperature of 110°C for 24 hours so that
nanocarbon was obtained.

2.5 Characterization

There were 3 samples that were analyzed, namely
nanocarbon which was synthesized from activated
carbon, hydrochar, and microalgae. The three samples
were analyzed using SEM, XRD, and TEM. SEM and
TEM analysis were used to see the morphology of the
sample. While XRD analysis will be used to determine
and ascertain what compounds are formed in the
resulting nanocarbon sample, as well as determine the
interlayer spacing of the resulting sample.

3. RESULT AND DISCUSSION

Microalgae Chlorella Vulgaris processed with
hydrothermal carbonization will produce hydrochar
by hydrolyzing compounds that exist in microalgae,
namely hemicellulose, protein, and lignin (Leng et al.
2021). This process will produce carbon compounds
that have graphene groups such as activated carbon,
but the hydrochar formed generally still has
impurities such as tar (Marsh and Rodriguez-Reinoso
2006; Pierson 1994). These impurities will be
removed using an activation process using KOH which
will produce activated carbon. Microalgae, hydrochar,
and activated carbon that formed then will be mixed
with catalyst and synthesized to form nanocarbon
(Marsh and Rodriguez-Reinoso 2006). As previously
explained, the mechanism for synthesizing
nanocarbon using solid-phase raw materials is still
unknown. However, looking at the approach to the
synthesis of nanocarbon using gas-phase raw
materials, the carbon used needs to be dissolved into
the catalyst used past its saturation limit (Kumar
2011). In addition, it is not known whether there is an
impact if there are other compounds other than
carbon dissolved into the catalyst used.
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3.1 SEM Analysis

Figure 2 shows the results of the SEM analysis of
carbon nanocomposites formed from activated carbon,
hydrochar, and microalgae. The results of the SEM
analysis of nanocarbon should describe a morphology
that resembles a long thread/string (Lotfy, Fathy, and
Basta 2018; Osman et al. 2019). However, from the
results, all three samples do not represent
nanocarbon. The results of the SEM analysis showed
the morphology of the porous carbon material. The
only visible difference is that the composite material
produced from activated carbon has more pores.
However, before drawing the conclusion that
nanocarbon are not formed, another analysis will be
carried out first.

3.2 XRD Analysis

The results of the XRD analysis are shown in
Figure 3 with the help of the Origin application. In the
three XRD results below, the three samples both have
peaks at diffraction angles of 24 - 26° which indicate
the presence of graphene compounds (Deck and
Vecchio 2006). This peak with a peak at a diffraction
angle of 44 - 44.5° is generally found in activated
carbon materials, namely activated carbon (Kristianto
et al. 2015). From this analysis, it can be concluded
that the synthesis of nanocarbon from hydrochar and
microalgae resulting activated carbon. However, the
nanocarbon produced from activated carbon raw
material has a peak at a diffraction angle of 42 - 43.5°
which indicates the presence of carbon nanotubes
(Osman et al. 2019; Selen et al. 2016). This indicates
the possibility of carbon nanotubes formed on
nanocarbon derived from activated carbon.

In addition, when compared to nanocarbon
derived from hydrochar and microalgae raw material,
there are other peaks appear, such as at the diffraction
angles of 30° 35° 57° and 63°. The three peaks
generally appear in FeO3 compounds (Kristianto et al.
2015). So that it can be seen that in the nanocarbon
sample made from activated carbon, Fe compounds
derived from ferrocene are remaining in the sample
which usually found in carbon nanotubes sample that
using ferrocene as catalyst (Osman et al. 2019).

Figué 2. SEM analysis of nanocarbon with (a) Activated carbon, (b) Hydrochar, and (c) Microalgae as a raw

material
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Figure 3. XRD analysis of nanocarbon with (a)
Activated carbon, (b) Hydrochar, and (c) Microalgae as
a raw material

In addition, the results of the XRD analysis can be
seen from the results of the XRD analysis of the
interlayer spacing for carbon compounds. The
interlayer spacing will be calculated using Bragg's law
below (Khosravi, Bashirpour, and Nematpour 2014):

X hkl = (002) or (100) (1)

dhkl = 2 sinfpp

with:

A = X-ray wavelength (0.15406 nm)

0 = Bragg angle at the diffraction peak

d(oo2) = dc = intercrystallite and micro crystallite
distance (nm)

d(100) = da = starling interlayer (nm)

The results of these calculations can be seen in
Table 1. From the dc results that have been obtained,
there are different values for nanocarbon derived from
microalgae and hydrochar, with nanocarbon derived
from activated carbon. The da. value of the three
resulting samples, all three have relatively the same
value. The da. values of activated carbon and carbon
nanotubes do have relatively the same values, namely
0.215 nm and 0.213 nm, so it will be difficult to
determine the difference both of them using da (Saito
et al. 1993; Xie et al. 2014). In contrast to the da value,
the dc value of the nanocarbon from activated carbon
was slightly lower than the other. Activated carbon
material and carbon nanotubes have different dc
values, namely 0.3646 nm and 0.344 nm (Jiang et al.
2008; Saito et al. 1993), thus strengthening the
possibility of the presence of carbon nanotubes in
nanocarbon derived from activated carbon.

Table 1. Bragg calculation on XRD analysis
Nanocarbon Raw Material

Parameter . Activated
Microalgae Hydrochar Carbon
0002 24.60° 24.27° 25.91°

dc 0.364 nm 0.366 nm 0.344 nm
0100 44.45° 44.24° 43.16°

da 0.204 nm 0.205nm  0.209 nm

3.3 TEM Analysis

To ensure the presence or absence of carbon
nanotubes and to better analyze the morphology of
the formed samples, an analysis using TEM was
carried out. The results of the TEM analysis for
samples of carbon nanotubes should have a
morphology in the form of long threads/strings (Lotfy,
Fathy, and Basta 2018). The results of the analysis of
the formed nanocarbon can be seen in Figure 4 below.
From the results obtained, the samples produced from
hydrochar and microalgae raw materials did not show
the presence of carbon nanotubes, which is confirmed
by SEM and XRD analysis before. However, the
nanocarbon sample formed from activated carbon raw
material has a morphological shape like thread/rope
which indicates the presence of carbon nanotubes
compounds. This shows that the synthesis of
nanocarbon with activated carbon as raw material
formed from the precursor of the microalgae Chlorella
vulgaris has been successfully carried out and
resulting in nanocarbon in the form of carbon
nanotubes.

One of the things that support the formation of
carbon nanotubes from activated carbon raw material
is that activated carbon has a graphene layer that has
been cleaned of impurities (Prasek et al. 2011). As
previously explained, the synthesis of carbon
nanotubes requires carbon to dissolve into the catalyst
until it is saturated. Then the addition of carbon into
the catalyst will grow carbon nanotubes (Kumar
2011). In the case of the synthesis of solid-phase
carbon nanotubes, the presence of a graphene layer
can help the formation of carbon nanotubes. Although
there is no definite explanation, this may be because
the carbon nanotubes themselves are formed from a
circular layer of graphene.

When compared to activated carbon and
hydrochar, both compounds have a graphene layer, so
these two raw materials have the potential to produce
carbon nanotubes. However, hydrochar has a lot of

Figure 3. TEM analysis of carbon nanotubes with (a) Activated carbon, (b) Hydrochar, and (c) Microalgae as a
raw material
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impurities resulting from the hydrothermal process,
namely tar (Pierson 1994). These impurities may
interfere with the synthesis process of carbon
nanotubes, especially in the part of dissolving carbon
into the catalyst. In addition to the impurity factor,
there is also a factor in the amount of carbon present,
which can dissolve into the catalyst. As previously
explained, the synthesis of carbon nanotubes requires
the carbon raw materials used to completely dissolve
in the catalyst first and then grow. When compared to
activated carbon that has been cleaned, of course, the
carbon contained in the hydrochar is less, making it
difficult to saturate the catalyst (Pitroda 2016).

For microalgae raw materials, the failure to form
carbon nanotubes is thought to be caused by
microalgae having complex constituent compounds
such as hemicellulose, protein, and lignin (Leng et al.
2021). The presence of these compounds that have not
been broken down can make it difficult to dissolve the
element carbon into the catalyst. In addition,
microalgae also do not have a graphene layer that
supports the formation of carbon nanotubes.

4. CONCLUSION

This research shows that the synthesis of
nanocarbon with activated carbon has been
successfully carried out. The activated carbon used
was made from the microalgae Chlorella vulgaris
which was hydrothermally and chemically activated
using KOH. The nanocarbon produced has been
confirmed as carbon nanotubes from peaks in XRD,
with dc and da values of 0.344 and 0.209 nm, as well
as morphology such as long strings/threads on TEM
analysis, while nanocarbon synthesized from
hydrochar and microalgae resulting activated carbon.
It concludes that the most successful raw material for
nanocarbon synthesis is activated carbon. This success
is due to the graphene layer on activated carbon which
is quite pure due to the activation step. The raw
materials for the synthesis of hydrochar and
microalgae in this study did not produce nanocarbon
due to the presence of less graphene layer and
impurities. For future research, the nanocarbon can be
directly synthesized from hydrochar which is given an
activator to inhibit the formation of tar in the
hydrothermal process instead of activated carbon for
shorter syntehsis step.
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