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Preparation of nanofluid-based Coolanol-20 containing carbon nanotubes and
validation of its efficiency in enhancing thermal conductivity
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In this paper, we present the results obtained in the manufacturing and testing process of
the thermal properties of nanofluid-based Coolanol-20 containing carbon nanotubes
(CNTs). The presence of CNTs has improved thermal conductivity of the liquid, with a
concentration of 1.0% vol CNTs showing an increase in thermal conductivity of 65%. To
test the efficiency of the fluid, we have built a satellite model and a system that simulates
the real working conditions of the satellite in space. Through our experiments, we have
shown that Coolanol-20/CNTs has helped to improve heat exchange efficiency for
components operating under harsh conditions.
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1. Introduction

Thermal control plays an important role in improving stability, durability and longevity of
electronic components and devices. Currently, there are many technologies and techniques in heat
dissipation, among which the liquid cooling method is applied to heat-generating electronic
components and devices [1]. Liquid cooling technology is receiving great attention from
researchers, engineers and is applied in different kinds of equipment due to its fast heat-exchange
capacity and reasonable prices. However, common cooling fluids such as water, ethylene glycol
(EG), propylene glycol (PG) and oil often have poor thermal conductivity, so there is a certain
limit to improving heat dissipation efficiency. Recently, researchers have introduced into liquids
some solid nano-sized materials to improve thermal conductivity of traditional liquids, thereby
improving and enhancing their heat transfer efficiency [2]. As a result, a new fluid, called
nanofluid (NF), was created and developed, whose definition is a liquid containing nanometer-
sized particles including metal nanoparticles (Cu, Au, Ag, Ni); metal oxides (Al,Oz, CuO, Fe,03,
Si0,, Ti0,); or ceramic (SiC, AIN, SiN) [3]. Nanofluids have much greater thermal conductivity
and heat transfer efficiency than previously used traditional liquids.

Carbon nanotubes are known to be one of the materials with the highest thermal
conductivity known (KCNTs = 2,000 W/mK), which has opened up a new research direction for
applications of this material in liquid cooling technology [4]. A large number of studies have been
conducted, but most of them have focused on the applications of CNTSs in base fluids that are
distilled water, EG, PG or a mixture of them [5-8]. These fluids have a rather narrow operating
temperature range, while electronic devices operating in harsh environments such as space require
a wider operating temperature range [9]. One of the fluids frequently used for thermal control of
equipment operating in harsh environments is Coolanol-20 [10], with an operating temperature
ranging from -101°C to 149°C. However, studies on Coolanol-20 base liquid containing CNTs
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have not been performed so far. Therefore, in this paper, we present the results obtained in the
manufacturing and testing process of thermal properties of Coolanol-20 base fluid containing
CNTs.

2. Experiment

2.1. Materials

CNTs materials with diameters between 20 - 80 nm, and 98% purity were fabricated by
the thermal CVD method at Institute of Materials Science (IMS). Coolanol-20 base fluid was
purchased from ExxonMobil. The chemicals used in the modification of CNTs and dispersions
were H,SO,4, HNO3, SOClI,, H,0, and Tween-80, purchased from Sigma-Aldrich.

2.2. Fabrication of the nanofluid

In order to improve the dispersion of CNTSs into the base fluid, the surface of the CNTs
materials needs to be modified to attach chemical functional groups. The process of modifying
CNTs with functional groups -OH is presented in Figure 1. First, CNTs are functionalized with
carboxyl functional groups (-COOH) by a mixture of HNOs:H,SO, acids (corresponding volume
ratio 1:1) at 70°C for 5 hours. The product obtained after functionalization is filtered with distilled
water, then CNTs-COOH is dispersed in SOCI, solution and stirred continuously for 24 hours at
60°C to obtain the CNTs-COCI materials. CNTs-COCI materials after being cleaned with distilled
water are filtered and washed with H,O, to form CNTs-COOH materials.
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Fig. 1. Process for denaturing CNTs-OH.

To disperse carbon nanoparticles into liquid, we use the dispersion process described in
Figure 2. In this process, CNTs are modified to attach -OH functional groups as shown above, then
CNTs-OH is uniformly dispersed into the Coolanol-20 base fluid by using Tween-80 surfactant
combined with using an ultrasonic vibration device for 30 - 90 minutes.
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Fig. 2. Process of dispersing CNTs in liquid.

2.3. Analytical measurements
The morphology of the samples was investigated using a field-effect scanning electron
microscope (FESEM, Hitachi S4800). The functional groups were analyzed by an infrared
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spectroscopy (Prestige 21-SHIMADZU FTIR spectrometer) in the range of wave numbers from
1000 to 4000 cm™. Raman scattering spectra was measured with an iHR550 Jobin-Yvon
instrument under the excitation wavelength of Ar laser of 514 nm. Nanofluids were evaluated for
dispersion and stability using a ZetaSizer instrument. The thermal conductivity of the nano fluid
was measured with a Transient Hot Bridge THB-100 device.

3. Results and discussions

Figure 3 shows the surface morphology of CNTs examined by SEM technique with a
magnification of 200,000 times. The image shows that CNTs have a fibrous structure with a
diameter distribution in the range of 20 nm - 80 nm and have high cleanliness as there is no
existence of dirty impurities such as amorphous carbon components.
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Fig. 3. SEM image of CNTs material.

Results of FTIR and Raman spectra of CNTs, CNTs-COOH, and CNTs-OH have been
published by authors in previous works [11-12]. The results of Raman spectroscopy of CNTSs,
CNTs-COOH and CNTs-OH show a D peak at wave number 1351 cm™ and a G peak at wave
number 1591 cm™ in the spectrum of all samples. However, the ratio of peak intensity D to peak
intensity G (Ip/lg) were different for different samples. The Ip/lg ratio of CNTs-OH is highest
(1.87) because in order to functionalize with the -OH functional group, the sample has been treated
with strong acid twice, resulting in many defects in the obtained sample, making the Ip/lg ratio
high. Meanwhile, the Ip/lg ratio of the CNTs-COOH sample is 0.99 and that of the CNTs sample
is the lowest, which is 0.79. The FTIR spectral results show some characteristic peaks of the
bonds, among which the peak around the wave number 3431 cm™ is caused by the vibration of the
-OH group, and this region is more extended for CNTs-COOH and CNTs-OH. The peak around
the wave number 1624 cm™ is due to the vibration of the C=C bond of the graphite lattice in the
structure of CNTs. For CNTs-COOH, peaks appear around 1728 cm™ and 1581 cm™,
corresponding to the vibrations of C=0 and C-O bonds of the carboxyl group. The above
characteristic peaks are no longer found in the CNTs-OH sample, and this is because the -OH
functional groups have completely replaced the positions of the -COOH groups on the surface of
CNTs. Thus, the results show that the process of denaturing -COOH and -OH functional groups
has been successful on the surface of CNTSs.
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Fig. 4. Results of CNTSs distribution by size in liquid with ultrasonic vibration time: 30 minutes, 60 minutes
and 90 minutes.

Figure 4 is the results of the size distribution of CNTs in the Coolanol-20 fluid with
different ultrasonic vibration times of 30 minutes, 60 minutes and 90 minutes. The result with
ultrasonic vibration time of 30 minutes shows the existence of two peaks of 320 nm and 1.6 um,
which confirm the clustering of CNTs in the liquid. With the ultrasonic vibration time of 60
minutes, it shows that CNTs have better dispersion with the appearance of only a single peak of
240 nm. However, the dispersion result is not satisfactory and still converges because the size of
CNTs in the range of 20 — 80 nm does not match the 240 nm peak. The dispersion result with a
time of 90 minutes shows that the size of CNTs is distributed in the range of 16 nm - 80 nm. This
range is consistent with the size of CNTs in the range of 20 - 80 nm, which shows that the
ultrasonic vibration time of 90 minutes is required to achieve uniform dispersion of CNTSs in the
Coolanol-20 base fluid.
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Fig. 5. Zeta potential results of Coolanol-20-based nanofluid containing CNTSs.

Figure 5 is the result of zeta potential of Coolanol-20-based nanofluid containing CNTs
with a measured value of 48.4 mV. The Zeta potential in the range +40 mV to 60 mV indicates
that CNTs have a stable dispersion in the Coolanol-20 base fluid.

The increase in thermal conductivity of the Coolanol-20-based nanofluid containing
CNTs-OH is shown in Figure 6. The increase of the thermal conductivity coefficient is calculated
according to the formula:

9%k= [(k-ko) X100] / Ko @)
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where Ky is the thermal conductivity of Coolanol-20; k is the thermal conductivity of the nanofluid
in the presence of CNTs.
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Fig. 6. The increase in thermal conductivity of the Coolanol-20-based nanofluid containing CNTs-OH.

From Figure 6, it can be seen that the samples all have increasing thermal conductivity as
the CNTs concentration and temperature increase. The increase in thermal conductivity of the
nanofluid with temperature can be explained by Li et al. [13]. Li reported that the Brownian
motion as well as the change in agglomeration of nanocomponents and viscosity with temperature
are important factors affecting thermal conductivity of liquids [13]. According to Li, an increase in
temperature leads to the following effects: (i) reduced clustering of nanocomponents due to a
decrease in surface energy; (ii) enhanced Brownian motion due to a decrease in viscosity [10]. The
enhancement of the Brownian motion is the basis for the increase in thermal conductivity of the
liquid with increasing temperature. Figure 6 compares the increase in thermal conductivity of
different liquids at 30°C and 60°C, showing that at higher temperatures, thermal conductivity
increases. With the concentration of 1.0% vol of CNTs-OH at 30°C, we see that the thermal
conductivity of the nano fluid has an enhancement of 59%. The thermal conductivity of the nano
fluid reached the maximum value of 65%, corresponding to the CNTs content of 1.0% vol and
temperature of 60°C.

4. Validation

In order to perform the testing of the base fluid containing CNTSs that we have fabricated,
we have cooperated with Vietnam National Space Center (VNSC) to design and manufacture a
satellite model in the laboratory to study its thermal control process.

In our experiment, the satellite model is placed in a vacuum chamber with a pressure of
10" bar to ensure that there is no heat transfer phenomenon (in order to simulate the space
environment). On one side of the vacuum chamber, a light source with a strong heat-emission
capacity is installed to simulate sunlight during the day (emission power from 0 - 7.5 kW/m?) so
that the surface temperature of the side facing the light source can reach a peak of 100°C. The
opposite side of the vacuum chamber is installed with a liquid nitrogen chamber to simulate the
case of low temperatures at night (the lowest temperature could reach -75°C). The conditions of
the operating environment of the satellite model will be altered in real time to be as close as
possible to the actual environmental conditions of a corresponding satellite in space. In this
simulation, we have chosen the Pumped Fluid Loop (PFL) as the method for thermal control. The
model of the entire system used to simulate the thermal control process is shown in Figure 7.
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Fig. 7. Vacuum chamber model used to simulate the thermal control process
using nanofluids containing CNTSs.

The PFL uses Coolanol-20 base fluid containing CNTs with concentrations varying from
0.2% to 1.0% to test the efficiency of the thermal control in two hypothetical situations:

a) Dissipating heat of a satellite component to the satellite shell

In this situation, we assume that there is a balance between the incoming thermal radiation
and the outgoing thermal radiation, corresponding to the saturation temperature of the satellite
shell being 25°C. The heat from a component with capacity P = 10 W will be radiated through the
satellite shell to space environment. The simulation test results in Table 1 show that after about 43
minutes, the temperature of the component reaches the saturation value, and this value decreases
by 4.2°C when using 1% CNTs.

Table 1. Results in the first hypothetical situation.

Volume Saturation time Saturation temperature when
(%) (minutes) using Coolanol/CNTs (°C)
0.0 43.0 62.6
0.2 43.0 61.8
0.4 43.5 60.9
0.6 44.0 60.0
0.8 44.0 59.1
1.0 44.5 58.4

b) Taking heat from hot a component to warm a cold device

In this situation, we assume the satellite operates in the absence of sunlight and the
temperature of the surrounding space is at about -75°C. Heat from the hot component instead of
radiating directly to the satellite shell will be used to warm the hypothetical camera block, which
needs a stable operating temperature range. The simulation test results in Table 2 show that in this
situation, the satellite shell and outer surface of the camera have a temperature of about 12°C.
After about 32 minutes, the temperatures of the hot component and the camera reaches the
saturation values. It is also noticeable that we achieve the best heat dissipation performance for the
satellite component and heating for the camera when the base fluid contains CNTs concentration
of 1%.
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Table 2. Results in the second hypothetical situation.

CNTs Temperature of the Saturation Saturation temperature Saturation
(%) body shell (°C) time of the chip (°C) temperature of the
(minutes) camera (°C)
0.0 12.2 32.0 49.4 20.5
0.2 12.5 32.0 48.8 21.5
0.4 12.3 32.5 48.2 23.0
0.6 12.8 32.5 47.4 23.7
0.8 12.7 33.0 46.6 24.3
1.0 12.6 33.0 45.9 24.5

The above test results have shown that Coolanol-20 containing CNTSs is effective and has
great potential for application in thermal control for satellites, helping to improve efficiency,
stability, durability as well as their lifetime during operation.

5. Conclusions

CNTs material was successfully modified with -OH functional group to disperse into
Coolanol-20 base fluid. By using the ultrasonic vibration method combined with surfactant, CNTs-
OH was uniformly dispersed into the liquid. The Zeta measurement revealed the stability of CNTs-
OH in the base fluid. The thermal conductivity of the Coolanol-20 base fluid containing CNTs-OH
material increased by 65% compared to that of the conventional liquid with 1.0% vol
concentration of CNTs-OH at 60°C. After that, the Coolanol-20 base fluid containing CNTs-OH
material was tested in two separate experiments and proved to be able to increase thermal
conductivity of the PFL. Therefore, it has a great potential for thermal control of components in
satellites that often operate under extreme conditions.
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