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A revised water-assisted synthesis system (RWAS) was used to fabricate carbon/water nanofluids (CWNFs). The CWNFs were
manufactured by heating graphite rods at different temperatures (700, 800, 900, and 1000∘C). Aspects of the CWNFs and
suspended nanocarbon, such as the morphology, structure, optical characteristics, and production rate, were fully characterized.
Furthermore, the suspension performance of theCWNFswas controlled by adding a dispersant (water-soluble chitosan) at different
concentrations. Finally, the CWNFs were determined to assess the influence of both the heating temperature of the graphite rod
module (process temperature) and the dispersant concentration on the fundamental characteristics of the CWNFs. The results
showed that the nanocarbon was a mixture of nanocrystalline graphite and amorphous carbon. Heating the graphite rod module
at higher process temperatures resulted in a higher production rate and a greater nanocarbon particle size. Furthermore, adding
dispersant could improve the suspension performance; increase the viscosity, density, and specific heat; and reduce the thermal
conductivity of the CWNFs. The optimal combination of the process temperature range and dispersant concentration was 800 to
900∘C and 0.2 wt.%, respectively, based on the production rate, suspension performance, and other fundamental properties of the
CWNFs.

1. Introduction

Nanoscale materials are added to working fluids to form
stable suspensions called “nanofluids” [1]. Nanofluids can be
used in several applications to boost the efficiency of systems
or processes by improving thermal properties and heat
transfer performance.Numerous in-depth studies of nanoflu-
ids have addressed manufacturing methods, fundamental
characteristics, heat transfer performance, transportation
behavior, and the practical application of existing equipment
to improve efficiency. Studies on the fundamental charac-
teristics of nanofluids have focused mainly on their thermal
conductivity, density, viscosity, specific heat, and suspension
performance [2–10]. Studies on the heat transfer performance
of nanofluids have focused mainly on their heat transfer per-
formance, pressure drop, and pumping power in a single tube
[11–15] or heat exchanger [16–21] with different geometries.
Current uses of nanofluids include vehicle cooling systems,
heat recovery systems, refrigeration and air conditioning
systems, and solar collectors [22–27].

Because of their excellent fundamental characteristics,
nanofluids are used to improve the system performance and
efficiency of equipment. Nevertheless, the long-term suspen-
sion performance of nanofluids and their price are key fac-
tors to consider. The suspension performance and price of
nanofluids depend on the manufacturing methods. Gener-
ally, the synthesis of nanofluids can be divided into one-step
synthesis methods and two-step synthesis methods.

One-step synthesis methods involve directly fabricating
nanoparticles in the base liquid to form the nanofluid. One-
step synthesis is generally performed using the sputtering
method [28–30], arc discharge method [6, 31–33], laser
ablation method [34–36], water-assisted synthesis method
[37, 38], and chemical reaction-generated method [39–42].
Generally, one-step synthesis has self-screening mechanisms
for particle size, in which excessively large particles automat-
ically settle on the bottom of the container, whereas ultra-fine
particles are suspended in the liquid. Nanofluids with excel-
lent suspension performance can be obtained by removing
the precipitated particles or using a centrifuge to control the
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size of the suspended particles. Therefore, a small amount of
dispersant or surfactant is needed to improve the suspension
performance of nanofluids produced by one-step synthesis
methods. However, the disadvantage of one-step synthesis
methods is that preparation and process conditions influence
the size, shape, and concentration of the nanoparticles, result-
ing in a broad range of particle sizes and difficulties in
controlling the concentration.

In two-step synthesis methods, the nanoparticles are first
produced and then dispersed in a base liquid to form the
nanofluid. Dispersion processes for two-step synthesis main-
ly include mechanical agitation (magnetic stirrer, homog-
enizer, and mixer) [5, 8–11, 20, 27], ultrasonic dispersion
(ultrasonic bath, ultrasonic processor, and ultrasonic disrup-
tor) [2–5, 7–21, 27, 43, 44], and grinding [45]. Furthermore,
adding a stabilizer (dispersant or surfactant) [2, 4, 8–10,
16, 18, 20, 25, 27, 43–45] or adjusting the pH value [4, 14,
17–19, 24, 25] of nanofluids can improve their suspension
performance and enhance their practicality and long-term
stability. Generally, two-step synthesis methods are simpler
than one-step synthesis methods because the nanoparticles
may be either self-made or purchased and then added to
a base liquid to form nanofluids. The advantages of two-
step synthesis methods compared with one-step synthesis
methods are easy and rapid preparation of a large volume of
nanofluids, greater control over nanoparticle concentration,
and narrower particle size distribution. However, agglomera-
tion can occur easily during nanoparticle addition, resulting
in poor suspension. Thus, two-step synthesis often requires
dispersion equipments or the addition of a stabilizer (surfac-
tant or dispersant) to disrupt the agglomeration of nanopar-
ticles, provide dispersion, and stabilize the suspension in the
long term.

In this study, we used a revised water-assisted syn-
thesis system (RWAS) to fabricate carbon/water nanofluids
(CWNFs) in a one-step synthesis process. The CWNFs were
manufactured by heating graphite rods at different temper-
atures. To demonstrate the feasibility of the process, the
CWNFs were fully characterized using suitable instruments
and test methods. The morphology, structure, particle size,
suspension performance, production rate, and other funda-
mental properties were determined.

2. Preparation of Carbon Nanofluids

We applied the water-assisted synthesis method (WAS) [37,
38], which is a single-step synthesis method, to prepare
the CWNFs. In this method, graphite rods are heated at a
high temperature, and then rapidly cooled in cold water,
producing a slight explosion on the surface of the graphite
rods, which peel off the surface of the graphite rods to gener-
ate nanocarbon (carbon nanoparticles or carbon nanotubes
(CNTs)) in water because rapid expansion and contraction
result from the temperature difference. The production rate
and morphology of the nanocarbon mainly depend on the
temperature difference between heating and cooling. A stable
temperature difference can improve the repeatability of the
various process parameters. Therefore, we adopted a cooling
system for the WAS to generate an RWAS for CWNFs
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Figure 1: Schematic layout of the RWAS system.

fabrication. Figure 1 shows a schematic layout of the RWAS.
RWAS has a cooling system that suppresses the increasing
temperature of the CWNFs during the manufacturing pro-
cess to improve their quality and the reproducibility of the
process.

Oxygen (O
2
)-acetylene (C

2
H
2
) welding equipment was

the heat source, and a graphite rod module, temperature
controller, collecting container, and cooling systemwere inte-
grated to complete the RWAS system. The O

2
-C
2
H
2
welding

equipment was used to heat the graphite rod module at 700,
800, 900, and 1000∘C (process temperature), and the O

2
and

C
2
H
2
gas pressures were 2.5 kg/m2 and 0.3 kg/m2, respec-

tively. The graphite rod module consisted of four graphite
rods (𝜙 = 8mm, 𝐿 = 150mm) attached to a high-
temperature thermocouple (K-type, 1200∘C) by two stainless
steel retaining rings. Graphite rods for general chemistry
experiments were used for the electrode, and the purity of the
graphite rods (carbon content > 90%) was confirmed using
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energy dispersive spectroscopy (EDS).The high-temperature
thermocouple, which was covered with a stainless steel tube,
was located in the internal center of the rod module and
closely contacted the rods. Because the graphite rod and
stainless steel tube had good thermal conductivity, the ther-
mocouple could effectively detect the average temperature
of the four graphite rods. The temperature controller was
used to monitor the temperature of both the graphite rod
module and sample in the collecting container.The collecting
container was made of a double-walled stainless steel cup,
and the coolant (ethylene glycol: water, 20 : 80 v/v) flowed
through the inner space between the double wall to stabilize
the temperature of the sample in the collecting container.

Tomanufacture the CWNFs, 300mL of filtered water was
poured into the collecting container. The isothermal unit (P-
10, YSC, Taiwan) was turned on for the coolant to reach −5∘C,
and then the coolant was pumped to keep the water in the
collecting container in a range of 3 to 5∘C. Subsequently, the
graphite rod module was heated to the set temperature by an
O
2
-C
2
H
2
flame, and then the red-hot graphite rod module

was quickly and vertically put into the water of the collecting
container for cooling.The graphite rodmodule was taken out
after cooling for 10 seconds to finish the fabrication process of
the CWNFs.The temperature of the CWNFs in the container
was increased from 35 to 45∘C during the cooling process of
the graphite rod module. Based on the heating temperature
of the graphite rod module, the cooling system effectively
suppressed the temperature increase of the CWNFs. Finally,
to improve the suspension performance of the nanocarbon
in the base liquid, the collected CWNFs were stirred using
a stirrer/hot plate (PC420D, Corning, USA) operating at
600 rpm for 1 hour, homogenized at 6000 rpm for 30 minutes
by homogenizer (YOM300D, Yotec, Taiwan), and subjected
to an intermittent oscillation process (50% amplitude, on/off
duty was 10/10 seconds) using an ultrasonic liquid processor
(Q700, Qsonica, USA) for 30 minutes. Using these dispersal
devices 5 times effectively prevented a temperature increase
in the dispersion equipment and the CWNFs, achieving a
good dispersion effect for the CWNFs. After completing
the production of the dispersed CWNFs, we conducted a
series of examinations to determine the characteristics of the
materials.

3. Characteristics Analysis

Before testing or sampling, each sample was dispersed using
an ultrasonic bath (150W, Leo-150S, Leo, Taiwan) for 30
minutes and then statically placed for 10 minutes. This pro-
cedure was conducted to maintain the approximate initial
measurement conditions.

3.1. Analysis of Morphology and Structure. The nanocarbon
morphologies of the CWNFs were analyzed by using a high-
resolution field-emission scanning electronmicroscope (HR-
FESEM, S4800, Hitachi, Japan) and a transmission electron
microscope (TEM, H-7100, Hitachi, Japan). Aso, the shape
and size of the nanocarbon were determined. To understand
the structure and crystallization of the nanocarbon, Raman
spectroscopy (632.8 nm, TRIAX 550, HORIBA, Japan) and

X-ray diffraction (XRD, D8 Advanced, Bruker, Germany)
were used to detect the Raman shift of its D peak, G peak,
and crystallization of the nanocarbon, respectively.

3.2. Analysis of Optical Characteristics. AUV/VIS/NIR spec-
trometer (V670, Jasco, Japan) was used to measure the
transmittance and absorbance of each sample at wavelengths
from 400 to 1000 nm to identify the optical characteristics
of the CWNFs. These optical characteristics are helpful in
determining the possible applications of the CWNFs.

3.3. Production Rate of Nanocarbon. The production rate of
nanocarbon for each process parameter was measured to
determine the concentration of nanocarbon in the CWNFs.
For each process parameter, CWNFs (30 g) were heated
using a moisture analyzer (MX-50, A&D, Japan) to remove
the moisture, and then the nanocarbon concentration in
the CWNFs was estimated based on the remaining weight
(weighing method). Because the highest resolution of the
moisture analyzer was 1.0mg, to improve accuracy, we used
a high-precision electronic balance (0.1mg/125 g, XS125A,
Precisa, Switzerland) to weigh samples before and after
drying. The entire experimental procedure was repeated 5
times, and the data were averaged as theweight concentration
of the CWNFs. In addition, the absorbance change of the
CWNFs wasmeasured by using a UV/VIS/NIR spectrometer
(V670, Jasco) to be compared with the results of quantitative
weighing method for CWNFs by the RWAS system.

3.4. Particle Size and Suspension Performance Analysis. Dif-
ferent concentrations ofwater-soluble chitosan (C06,Charm-
ing & Beauty, Taiwan) [5, 10, 20, 46] were added to the
CWNFs as dispersants to investigate how the amount of
added dispersant affected their suspension performance and
agglomeration behavior. The dispersant concentrations were
0.1, 0.2, 0.3, and 0.4wt.%. For effective dispersion, the
CWNFs and dispersant were mixed by using an ultrasonic
liquid processor (Q700, Qsonica, USA) for 5 minutes (50%
amplitude).

To determine the effects of both different concentrations
of nanocarbon and dispersant on the suspension perfor-
mance, the CWNFs were tested by using a static position
method, a UV/VIS/NIR spectrometer (V670, Jasco), and a
particle size/zeta potential analyzer (SZ-100, HORIBA,
Japan). For the static position method, a 2.5-mL sample was
put into a transparent cuvette, and the sediment difference
was observed after 12 hours. UV/VIS/NIR spectrometry
combined with static positioning was performed to measure
the difference in the absorbance of the initial (Abs

𝑖
) and

static position of the CWNFs after 12 hours (Abs
12 hr). The

results were used to determine the suspension performance,
which was calculated using (1). Greater absorbance difference
ratio (𝑅Abs) represents more serious sediment of CWNFs
after 12 hours and vice versa represents the better suspension
performance of CWNFs:

𝑅Abs = [
(Abs
𝑖
− Abs

12 hr)

Abs
𝑖

] × 100%. (1)
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Figure 2: FESEM images of the nanocarbon: (a) 700∘C, (b) 800∘C, (c) 900∘C, and (d) 1000∘C.

Particle size/zeta potential analysis is based on a dynamic
light scattering method (DLS), which can simultaneously
measure the particle size and zeta potential of the nanocarbon
dispersed in a base liquid to determine the suspension
performance.

3.5. Measurement of Other Fundamental Characteristics. The
thermal conductivity, viscosity, and density of the CWNFs
were measured by using a thermal properties analyzer (KD-2
Pro,DecagonDevices,USA)with an accuracy of 5.0%, a sonic
viscometer (T15-3, Hydramotion, England) with an accuracy
of ±1.0%, and a liquid density meter (DA-130N, KEM, Japan)
with an accuracy of ±0.001 g/mL in an isothermal unit (P-
20, YSC, Taiwan) at 25∘C. These experiments were repeated
10 times, and the 6 closest values were averaged as the test
value to reduce experimental deviation. The specific heat
of the CWNFs was measured using a differential scanning
calorimeter (DSC, Q20, TA, USA) with an accuracy of ±1.0%
and amechanical refrigeration system (RCS40, TA, USA) in a
high-purity nitrogen (5N) atmosphere.The specific-heat test
method was a standard reference approach, and the specific
heat of the standard reference (purewater) was obtained from
the ASHRAE handbook [47]. The experimental temperature
range was 10–40∘C, and the heating rate was 10∘C/min. The
specific heat was calculated at 25∘C. The specific heat of the
CWNFs was calculated three times, and the data were aver-
aged as the experimental specific-heat value of the CWNFs.

3.6. Data Analysis. The experimental results obtained with
the base liquid (water) were used as baseline values (𝐷

𝑤
)

to enable an easy comparison of the experimental data after
changing the CWNFs (𝐷CWNFs). The experimental data
obtained with the CWNFs were compared with the baseline
values. The differences before and after adding the nanocar-
bon to the water are presented in percentage (𝑅) and calcu-
lated as follows:

𝑅 = [
(𝐷CWNFs − 𝐷𝑤)

𝐷
𝑤

] × 100%. (2)

4. Results and Discussion

Figures 2 and 3 show the FESEM and TEM images of the
nanocarbons of the CWNFs at different process temperature,
respectively. Overall, a lower temperature in the graphite rod
module produced solids with a smaller size. By contrast,
increasing the temperature intensified the thermal expansion
and rupture of the graphite rod, producing flakes and large
solids. The thickness of these flake-like solid materials can
reach the nanoscale, and a large aspect ratio can be obtained.
Furthermore, Figure 3 shows that the RWAS produced a
small amount of CNTs (indicated by red arrows). The RWAS
can produce additional CNTs through repeating heating and
cooling. The FESEM and TEM images only show the local
morphology and size of the samples; therefore, the DLS
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Figure 3: TEM images of the nanocarbon: (a) 700∘C, (b) 800∘C, (c) 900∘C, and (d) 1000∘C.

particle size analyzer will be used to confirm the average size
of the particles suspended in theCWNFs in a follow-up study.

Figure 4 displays the Raman spectra of the nanocarbons
for different process temperature. Two well-defined peaks
(called D and G peaks) can be seen in the first-order Raman
spectra at approximately 1303 and 1552 cm−1, respectively
[48–50].The E

2g vibrationmode, which is the relativemotion
between two sp2 carbon atoms, produces the G peak. The D
peak results from the A

1g ring breathing mode; this mode
is symmetrically forbidden in perfect graphite. A high D
peak indicates that the nanocarbon has a relatively poor
graphitic structure [51].The intensity of the D and G peaks in
Figure 4 changed a little in different corresponding process
temperatures, indicating that the four samples have similar
carbon structures. The G peak of Raman spectra from the
standard value (1580 cm−1) shifted to the 1550 cm−1, and the
𝐼D/𝐼G of the samples were approximately 0.76, 0.60, 0.52, and

0.63, depending on the heating temperature of the graphite
rod module, indicating that the structure of the nanocarbon
was a mixture of nanocrystalline graphite and amorphous
carbon [48].

Figure 5 displays the XRD patterns of the nanocarbons
for different process temperatures. From Figure 5, we can
find that the nanocarbons at process temperature of 800 and
900∘C have a higher diffraction peak around 2𝜃 = 26.5∘,
and the nanocarbons at process temperature at 700 and
1000∘C have relatively weak diffraction peak in this angle. Via
JCPDF standard pattern (PDF # 897213), we confirm that the
nanocarbons belong to hexagonal systemof graphite-2H [52].
However, except the diffraction peak (002) of graphite-2H is
more obvious, the other diffraction peaks of graphite-2H are
quite weak. Therefore, the nanocarbons should be a mixture
of graphite-2H and amorphous carbon. The test results of
XRD are consistent with the test results of Raman spectra.
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Figure 4: Raman spectra of the nanocarbon at different process
temperatures.

Figure 6 shows the transmittance and absorbance of the
CWNFs at different process temperature. For all samples, the
transmittance and absorbance curves obtained at different
wavelengths exhibited similar trends but had different values.
This indicated that all the CWNFs had the same optical char-
acteristics, which is proportional to their concentrations.The
results show that the concentration of the CWNFs increased
as the process temperature increased. The transmittance and
absorbance of CWNFs exhibited similar proportional to their
concentrations in those wavelengths, so we used the wave-
length of 800 nm to implement the subsequent concentration
and suspension performance analysis.

Figure 7 shows the results of the concentration analysis
of the CWNFs at different process temperature by using the
weighing method. The graphite rod module was heated at
700, 800, 900, and 1000∘C to produce CWNF concentrations
of 0.0190, 0.0325, 0.0405, and 0.0760wt.%, respectively. The
experimental results show that the concentration of the
CWNFs increased as the process temperature increased.This
occurred mainly because a higher temperature difference
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Figure 5: XRD patterns of the nanocarbon at different process
temperatures.

between heating and cooling results in stronger expansion
and disintegration on the graphite rod surface, generating a
higher production rate; however, it can also cause a large par-
ticle size and uneven nanocarbon distribution. The weighing
method involves a long testing time and complex procedures.
Therefore, a spectrometer was used to test the absorbance
of each sample at 800 nm, and the results were compared
with those of the weighingmethod.The relationship between
the absorbance results and weighing method results can
facilitate the quantitative analysis of CWNFs that could be
manufactured using RWAS in the future. Figure 8 shows
the linear relationship between the weight fraction and the
absorbance of each CWNF; this relationship can be expressed
as the following equation:

𝜔 = 0.0665Abs − 0.0136. (3)

Figure 9 shows an actual photograph of the experimental
results of the static position method for CWNFs at different
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Figure 7: Concentrations of the CWNFs determined using the
weighing method at different process temperatures.

process parameters. Adding dispersant effectively enhanced
the suspension performance of the CWNFs; a dispersant con-
centration above 0.2 wt.% substantially improved suspension
performance. Figure 10 displays the absorbance (800 nm) of
the CWNFs containing different dispersant concentrations.
The increase in dispersant concentration resulted in an
increase in the absorbance of the samples. To quantify the
results of the static positionmethod, we tested the absorbance
of the samples at 800 nm. The samples were statically posi-
tioned for 12 hours to analyze the suspension performance

𝜔 = 0.0665Abs − 0.0136 at 800nm
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Figure 9: Photograph of experimental results for the static position
method.

(𝑅Abs) of CWNFs by using (1) in Figure 11. The dispersant
added to the CWNFs substantially improved the suspen-
sion performance. However, suspension performance had
a nonlinear relationship with dispersant concentration. The
benefits of adding dispersant to improve the suspension per-
formance diminished when the concentration of dispersant
was above 0.2 wt.%.

Figure 12 shows the average suspended particle sizes of
each sample at different process parameters.The results show
that the nanocarbon size was greater when the process tem-
perature was higher. The smallest average suspended particle
size was approximately 350 nm.However, dispersant addition
tended to increase the average size of the suspended particles.
This occurred because larger particles settled during the test
procedurewhen dispersant were not added; therefore, the test
results only show smaller particles of the CWNFs. Because
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dispersant addition enhanced the suspension performance of
the CWNFs and reduced the sedimentation of large particles
during the test procedure, the average suspended particle size
increased considerably. In addition, the samples produced
by process temperature in the range of 700–900∘C did not
exhibit a considerable increase in the average size of the
suspended particles after adding dispersant, suggesting that
the particleswere relatively small particle and the nanocarbon
was well distributed in this range of heating temperature.
In addition, a DLS particle size analyzer cannot be used to
measure the average suspended particle size of samples with
poor suspension performance because this device generates a
large experimental deviation.

Figure 13 shows the results of the zeta potential (𝑉
𝑧
)

test of the samples at different process parameters. The 𝑉
𝑧

of the CWNFs changed from negative to positive potential
after adding dispersant because the added dispersant was
cationic.The highest𝑉

𝑧
(approximately 38mV) was obtained

by adding 0.2 wt.% of dispersant and heating the graphite rod
module at 1000∘C.

The experimental data of the base liquid (water) is shown
in Table 1. The ratio in Figures 14 to 17 can be converted into
the actual value by using the data in Table 1 and applying (2).

Figure 14 shows the thermal conductivity ratio of the
CWNFs at different process parameters. The CWNFs with
higher nanocarbon concentrations exhibited a higher ther-
mal conductivity. However, a high dispersant concentration
resulted in a low thermal conductivity for the CWNFs.
This occurred because the nanocarbon suspended in the
CWNFs had a higher thermal conductivity than that of
water; however, the thermal conductivity of the dispersant
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Figure 11: Absorbance difference ratio among the CWNFs for
the static position method at different process temperature and
dispersant concentrations.
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Figure 12: Average suspended particle size of the CWNFs at
different process temperature and dispersant concentrations.
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Figure 13: Zeta potential of the CWNFs at different process
temperature and dispersant concentrations.

Table 1: Experimental data of water for baseline.

Items Units Value
Thermal conductivity W/m⋅∘C 0.604
Viscosity mPa⋅s 0.8
Density kg/m3 997.3
Specific heat kJ/kg⋅∘C 4.183a
aThe specific heat of water refer ASHRAE handbook [47].

was lower than that of water. Nevertheless, a high thermal
conductivity of the CWNFs can be achieved by increasing
the concentration of nanocarbon. The thermal conductivity
of the CWNFs increased 9.53% at the highest concentration
of nanocarbon, without dispersant.The thermal conductivity
of the CWNFs decreased 12.19% at the lowest concentration
of nanocarbon and a dispersant concentration of 0.4 wt.%.

Figure 15 displays the viscosity of the CWNFs increased
as the concentration of nanocarbon and dispersant increased.
The dispersant had an obvious influence on the viscosity of
the CWNFs.The viscosity of the CWNFs increased by 45.0%
at the highest concentration of nanocarbon and dispersant.

Figure 16 shows that the density of the CWNFs increased
as the concentration of nanocarbon and dispersant increased,
but the effect of these two factors on the density of the
CWNFs was not obvious. This may be explained by the low
concentration of nanocarbon and the similarity between the
density of the dispersant and that of water. The density of the
CWNFs increased 0.19% when compared with water at the
highest concentration of nanocarbon and dispersant.

Figure 17 shows that the CWNFs with high nanocarbon
concentrations had low specific heat; however, increasing
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Figure 14: Thermal conductivity ratios of the CWNFs at different
process temperature and dispersant concentrations.
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Figure 15: Viscosity ratios of the CWNFs at different process
temperature and dispersant concentrations.

dispersant concentration increased the specific heat of the
CWNFs. This occurred because the specific heat of the
nanocarbon in the CWNFs was lower than that of water, and
the specific heat of the dispersant was higher than that of
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Figure 16: Density ratios of the CWNFs at different process
temperature and dispersant concentrations.
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Figure 17: Specific heat ratios of the CWNFs at different process
temperature and dispersant concentrations.

water. The specific heat of the CWNFs decreased by 3.64% at
the highest concentration of nanocarbon, without dispersant.
The specific heat of the CWNFs increased by 4.52% at the

lowest concentration of nanocarbon when the dispersant
concentration was 0.4 wt.%.

5. Conclusions

In this study, we used a RWAS to fabricate CWNFs in a one-
step synthesis process. The CWNFs were manufactured by
heating graphite rods at different temperatures. The char-
acteristics of the CWNFs and suspended nanocarbon were
examined using suitable instruments and test methods. The
findings of this study are summarized as follows.

(1) The structure of the nanocarbon was a mixture
of nanocrystalline graphite and amorphous carbon,
which was determined using Raman spectroscopy
and XRD.

(2) Heating the graphite rod module at a higher temper-
ature resulted in a higher production rate and greater
nanocarbon particle size.

(3) The DLS particle size analyzer is not suitable for mea-
suring the average suspended particle size of samples
with poor suspension performance because it gener-
ates considerable experimental deviation.

(4) Adding dispersant can improve the suspension per-
formance of the CWNFs, but it can also increase their
viscosity, density, and specific heat and decrease their
thermal conductivity.

(5) The optimal combination of the process temperature
range and dispersant concentration was 800 to 900∘C
and 0.2 wt.%, respectively, based on the production
rate, suspension performance, and fundamental char-
acteristics of the CWNFs.
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